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Key Electrophysiological, Molecular, and Metabolic
Signatures of Sleep and Wakefulness Revealed in Primary

Cortical Cultures
e J. Neurosci. 32:12506 (2012)
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Paul Franken,! and Mehdi Tafti!

ICenter for Integrative Genomics and 2The Genomic Technology Facility, University of Lausanne, and 3Laboratory for Integrative and Systems Physiology,
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Involvement of Ca“*-Dependent Hyperpolarization
in Sleep Duration in Mammals

Fumiya Tatsuki,'-® Genshiro A. Sunagawa,”:°® Shoi Shi,'® Etsuo A. Susaki,'*° Hiroko Yukinaga,:® Dimitri Perrin,**:°
Kenta Sumiyama,® Maki Ukai-Tadenuma,? Hiroshi Fujishima,® Rei-ichiro Ohno,' Daisuke Tone,' Koji L. Ode,':#

Katsuhiko Matsumoto,” and Hiroki R. Ueda'*"
'Department of Systems Pharmacology, Graduate School of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033,

Tatsuki et al. Neuron 90, 70-85, 2016

Mammalian Reverse Genetics without Crossing
Reveals Nr3a as a Short-Sleeper Gene

Genshiro A. Sunagawa, '+ Kenta Sumiyama,®® Maki Ukai-Tadenuma,’-® Dimitri Perrin,’-*® Hiroshi Fujishima,’
Hideki Ukai,’” Osamu Nishimura,® Shoi Shi,” Rei-ichiro Ohno,” Ryohei Narumi,’ Yoshihiro Shimizu,” Daisuke Tone,

Koji L. Ode,” Shigehiro Kuraku,® and Hiroki R. Ueda'-#%."

Sunagawa et al. Cell Reports 14, 662, 2016
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Figure 2. Impairment of Ca®*-Dependent K*
Channels Decreases Sleep Duration

(A) Sleep duration (per hour) over 6 days for KO
mice of eight K¢, channels.

(B) Sleep duration (per hour) over 24 hr, averaged
over 6 days in the KO mice of Kz, channels. Red
lines: the mean sleep duration at each time of day
for each strain. Gray: WT (n = 108). Shaded area:
SEM for each time point.

(C) Distributions of sleep/wake parameters of the
KO mice of K-, channels. Histogram: WT (n= 108).
Black dashed line and gray shade: the mean and
1 SD range from the recording of WT.

(D-F) Sleep-duration phenotype for another group
of Kenn2 and Kenn3 KO mice (set 2). Sleep dura-
tion (per hour) over 6 days (D), sleep duration
(per hour) over 24 hr, averaged over 6 days (E),
and distributions of sleep/wake parameters (F) are
shown.

(G and H) Sleep-duration phenotype based on
EEG/EMG for WT (n = 4) and Kcnn2 KO mice
(set 1, n = 9). Sleep duration (per hour) over 6 days
(G) and sleep duration, NREM sleep (SWS) dura-
tion, and REM sleep duration for 1 day are shown
in bar graph (H).

() Sleep-duration phenotype based on EEG/EMG
for sleep-deprived WT (n = 3) and Kcnn2 KO mice
(set1, n = 7). Sleep duration, NREM sleep (SWS)
duration, and REM sleep duration for ZT12-2T24
are shown in bar graph.

WT, C57BL/6N male mice. Error bars, SEM, *p <
0.05, ""p < 0.01, """p < 0.001, see also Supple-
mental Experimental Procedures for details.
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Mouse Sleepyl gene cloning

Forward-genetics analysis of sleep in
randomly mutagenized mice

Hiromasa Funato'-, Chika Mivoshi'#, ']'unm}.'uld Fujivama'#, Takeshi Kanda'#, Makito Sato'’ f’haql ang Wang!, Jing Ma',
Shin Nakane®, Jun Tomita®, Aya Ikkvu', Mivo Kakizaki', !\mllm Hotta Ilu.ihhn‘nl . Satomi Kanno', Haruna Komiya',
Fuyuki Asano', Takato Honda!, Staci J. Kim!, Kanako Harano!, Hiroki Muramoto', Toshiya \'un::zam-'ﬂ]. Seiva Mizuno®,
Shinichi Miyazaki', Linzi Connor', Vivek Ixumar“"". [kuo Miura®, Tomohiro Suzuki®, Atsushi Watanabe”, Manabu Abe!",
Fumihiro Sugivama®, Satoru Takahashi’, Kenji Sakimura'?, Yu Hayashi'", Qinghua Liu''?, Kazuhiko Kume?,
Shigeharu Wakana®, Joseph S. Takahashi'®! & Masashi Yanagisawa'-*13.14

ENU 60
B6J & BN ¢ 501
\-l- « T
c 40
=

BEN £ — 30;

Sleep screenlng \* ”’\ 20 -

— /4
w— Sip/+
101 == SIp/Sip

i~ 0 EVRETRTE N
Heritability test s m/+

NREMS

0 2 4 6 8 10 12 14 16 18 20 22 24
Linkage analysis kok ok ok ok ok ok Kk ok ok k Kk Kk kK Kk Kk Kk K ok Kk %

Funato et al., Nature, 2016, 539: 378-383.



Mouse Sik3>-P/Sleepy mutation

* In-frame exon (13) skip, which contains conserved
phosphorylation site for PKA.

Truncated form is expressed in mutants.
* Dominant (heterozygous homozygous)

5551

kDa
SIK3

145
1-1IDI Kinase 14 ‘

/75

SIK3(SLP)
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| PKA site |
EQSLLQPPTLQLLNGMGPLGRRASDGGAN IQLHAQQLLKRPRGPSPLVTMTP

EQSLLQPPTLQLLNGMGPLGRRASDGGAN I QLHAQQLLKRPRGPSPLVTMTP
EQSLLQPPTLQLLNGMGPLGRRASDGGAN I QLHAQQLLKRPRGPSPLVTMTP
EQSLLQPPTLQLLNGMGPLGRRASDGGAN I QLHAQQLLKRPRGPSPLVTMTP
EQSLLQPPTLQLLNGMGPLGRRASDGGAN 1 QLHAQQLLKRPRGPSPLVTMTP
EQSLLQPPTLQLLNGMGPLGRRASDGGAN IQLHAQQLLKRPRGPSPLVTMTP
EQSLLQPPTLQLLNGMGPLGRRASDGGAN 1 QLHAQQLLKRPRGPSPLVTMTP
EQSLLQPPTLQLLNGMGPLGRRASDGGAN I QLHAQQLLKRPRGPSPLVTMTP

EQSLLQPPTLQLLNGMGPLGRRASDGGAN IQLHTQQLLKRPRGQSPLVTSPH
DQHLLKPP---VVMGASSFGRRASDGGANLH1YYPATGTVVGPAQGQQMD--
———KMLPVPKSERRqﬁAGETLLPTNFD————

SIK3-SA = Serine(563) & Alanine [CZ##
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LETTER Wang et al. Nature 558, 436 (2018)

Quantitative phosphoproteomic analysis of the
molecular substrates of sleep need

Zhigiang Wang!, Jing Ma', Chika Miyoshi', Yuxin Li*, Makito Sato', Yukino Ogawa', Tingting Lou', Chengyuan Ma?, Xue Gao?,

Chiyu Lee', Tomoyuki Fujiyama', Xiaojie Yang', Shuang Zhou’, Noriko Hotta-Hirashima', Daniela Klewe-Nebenius',

Ava Ikkvu', Mivo Kakizaki', Satomi Kanno', Ligin Cao', Satoru Takahashi?, Junmin Peng?, Yonghao Yu’, Hiromasa Funato'-®*,
: : 1 | : :

Masashi Yanagisawa'"®* & Qinghua Liu!-?%-10x

DV LY 2 IINDBDEEFIFT.

1. #rBE(Sleep deprivation)T. U EE{EHIERX S

2. Sleepy/Sik3 ZEEVY AT, U 2ELHIEX B,

3. M&EICHBEITDIEDE. BIEEREZRI AIEEIENSD B,
J

Sleepy/Sik3 Z#(3, BIRER (&) Z/EDHT
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IREZPETDIRER (2021)
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3. IBIRED®EHE & EENER
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IEIR(EE (MERIRDHS)
i IEES
FERDFA(ICSD)DBET & (CKZEZE) !
1990£F ICSD1 International Classification
2005£E ICSD2 of Sleep Disorders
2014£E ICSD3

LEREVSEBRICHTIESBVEDES (FIRE
EERRDEL)
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AIRFERE) — IEIRSE =iE
O9 O 9 HhEIxEF (RLS) — Fi3g
 IBRDVEVVES
BIRAE - FILIL T S —

— TR (TPAR) RS

- BIRP(CREDIREDHS - €Dt
IEIRIGERITIRIF%EE. B (T&IE
IEIREEEVUXALEE &/iE




IERIEE &R (SAEDZLVER)

1.AIRE (RFEME. FRAEEMEARIELE) SACTA

2 [ERAFERITIRAE (X8 (OBIEFEIRZ S D THEIEE(CH
PDHEND) KDILEWDFEEUT [HEIEMINIEE] 5B
$2~5(~10)%. E1%0.5~2%
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Fiie &)
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17855 iR IEA EAE 15 = IR E. BIISS=
Behaworally Induced Insufficient Sleep Synd.




4.89 T9 HIAREIEEF = T Bad lE A BEREI%ET

1&%&5 =Restless Legs Syndrome LA ML ALY I X fiE
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TNEUSDBEIRTE = 155 B IRAE & IF/5\

6. [EIRVF{TAE =SiHw, FEB6, J L LABIEHNSD, K
fEE. 10%L LICHR-EE EVZAR

7.FEEEERITENIEE SRED =sleep related eating
disorder (BAEZEIEHRU)

HEIIEEE(ZET NES =night eating syndrome (521545
D) EE5ERECBN. J > L LBIE




8. L AlEIRITE)EZE = RBD =REM sleep Behavior
DisorderSiina. L AlEIE, EFRXER(T BEL W
E, fokxE (L E—/IMEFBERMAE. IN\—F2VYV >
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$9 B9 HIEIXEF DR

Frontal /

*ER-FEB pre-frontal ae
AR AL Al it
(K== >#4E) (T0 h=>4##2)
RREGE | smeFas
Somatic circuits Dorsal A Autonomic circuits
Horn
+ -
Muscle @
Afferents
high
threshold threshold
Postganglionics
BIRS RS s
NA
Adrenaline
<t Clemens, S., Rye, D.,
® & Hochman, S. (2006)

Neurology 67, 125-30

Leg
Muscles Kidney
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