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Apo
ARNT
bHLH
Bmall
CCG
cDNA
CPTla
Cry
CYP
dbcAMP
DBP
DEC
DEX
dLuc
DMEM
DNase
EDTA
E4BP4
EHS gel
FAS
FBS
FXR

Gapdh

apolipoprotein

aryl hydrocarbon nuclear translocator
basic helix-loop-helix

brain and muscle arnt like 1
clock-controlled gene

complementary deoxyribonucleic acid
carnitine palmitoyltransferase 1a
cryptochrome

cytochrome P-450

dibutyryl cyclic adenosine monophosphate
D site albumin promoter binding protein
differentiated embryo chondrocyte
dexamethasone

destabilized firefly luciferase
Dulbecco’s Modified Eagle Medium
deoxyribonuclease

ethylene diamine tetraacetate

E4 promoter binding protein
Engelbreth-Holm-Swarm sarcoma gel
fatty acid synthase

fetal bovine serum

farnesoid X activated receptor

glyceraldehyde 3-phosphate dehydrogenase



HBSS

HDL

HEPES

HMG-CoA

LDLR

LXR

MEM

MRNA

NPAS2

PAR

PAS

PBS

PER

PEST

PGCla

PMT

PPAR

PVLA

REV-ERBa

RNA

ROR

RRE

RT-PCR

SCN

Hank's Balanced Salt Solution

high-density lipoprotein
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
3-hydroxy-3-methylglutaryl-coenzyme A
lowdensity lipoprotein receptor

liver X receptor

minimum essential medium

messenger ribonucleic acid

neuronal PAS-domain protein 2

proline and acidic amino acid-rich
period-arnt-single-minded

phosphate-buffered saline

period

Pro/Glu/Ser/Thr-rich

peroxisome proliferator-activated receptor coactivatorlo
photomultiplier tube

peroxisome proliferator-activated receptor
poly-N-p-vinylvenzyl-D-lactonamide

reverse erythroblastosis virus-o

ribonucleic acid

retinoic acid receptor-related orphan receptor
Rev-erbA/ROR-binding element

reverse transcription polymerase chain reaction

suprachiasmatic nucleus



SEM standard error of the mean

SHP small heterodimer partner

SiRNA small-interfering RNA

SREBP sterol regulatory element binding protein
STZ streptozotocin

TBS tris buffered saline

TIC type I collagen

TIVC type 1V collagen

Tris tris (hydroxymethyl) aminomethane
TSS transcription start site

VLDL very-low-density lipoprotein

WAT white adipose tissue

ZT zeitgeber time
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FE

BEVA LT, $9 24 BERHATEESTLEEREZTHY ., 35 BEAMITIBFICHEL L
MO HERD BERICKYVEZ D KREIRIILF— DR ELIEG T 510 ITBFLI-ER
R E THS[Dunlap,1999], 20 LR FICEF LD FEMFEMIFEIZKY ., EROEER
RIEDFLAIETHASN, BRED FENFHIHNENERIN - BEF O FEND
SERERICETHRASAIENZIL, VEPEKRLAL, EELANLTOBEROTN
[2HD. TOEKRT BIEFNSITHFETERDEL AL TRE ARG B X LHEED
AR TONAERBRREEBR. iELTLKOMNENS 21 D EmTFEDIEREIC
FVETIVEVWRES ARV X LKL, EEFOREBRREHIEN S, 2EOEBHFEEH
BHEE VALEVEBPRETHRIE. RIITHLEBIET . BOTBANEHRSEF
[ZRELTWS, Thbhb, BiHEGFOHRRICHFY . BN SHRBRIREEDOEE
ZHOMMILIAERI X LRREIL., IO A THEHEICE>TH FLANIILTREASh -4
MRERE. DO~ E BRLRLICHEBBRSE LSET2EGRFORENEHRS T
[CRERLTLS,

ErZEIELHETHEHMIBEMICE N TIL, BL DOEEHERANERBHICEEST S EITE
STARELFFFHARINEH SN TS, HEHEGFEROALGST . £EHDIFEALE DR
(=3 % h¥[Sakamoto, 1998], ZN SEHiHIT 5 HEEFEH EHEEDHE . WX L£#
(suprachiasmatic nucleus; SCN) [CTFEFET B EMNTREIN TS, TH 5, SCNEHIET H&
ZOEEDITEEEDER) X LAVE K L[Moore, 1972] [Sakamoto, 1998] (Fig. A) . SCN
ZHIELT/\LRA—IZ SCN DOHIfEZEEHET HE1TE) ) X LAY EIR S S[Lehman, 1987], AN
AT.SCN [FEEZFHTITBVTHERT S LG A LERAHITHIENTES
[Yamazaki, 2000], CD &SI, FIREFETEIZBRTRET S LGN X LERNAKEITHIE

M TEHMBRETHD, —7H . RMEEFEHE SCN AN L) X LE LA HlT D H AL,



REITHRE. BRIFALTLESHE % D[ Yamazaki, 2000] [Yoo, 2004] [Sakamoto, 1998]
(Fig. A) .

ZLDETINEYERWNRENRGRETICEY . BIB X LD FHEBICEET RN
EESNTE BARHORBZEAE T AN LOPRIEHHELFLEENS—
EDBLFHOEELHREN LT — RN\ IFIEHTHS, ST/ N\ ITITIE HRUX
LOBEEMNELNISN-HE—DRZEYTHY . MARKFELORLEMEENTH D,
3 DDEFEHERF kai THAEN . kaiC Mo DB 5 KaC AV N\IENES BEDEEF
FI[ZHHI Y H[Harmer, 2001], EREMTHAHT /AU AEDLLITTIVNIDOREEY
NOBITHRMEIE RGN, T4—R/\yIFI#IC & 58 BT DIRBI R E L L4
®LTULV% [Harmer, 2001] (Fig. B),

HFLEE TIE bHLH 24325 R FT#HSH CLOCK & BMALL MATAZEARERALL . Per 4>
Cry BERATATRAFERIENDELEFDTAET—2—EEHICH D E-box [TEEETHILET
Per %> Cry %2 E DB F R B L EITHE 5. PER/CRY #& A CLOCK/ BMALL [2&%
BEOEMLZRERL. BRBSDEEZEIGIT 5, CORYRLAHK 24 KE DO FEZ/E
YT . CDT4—F/\vIIL—TIZMA T, BEHERFDISEELS. RRE & D-box 4L 1=
BREIL—THHEEEL TLVB[Reppert, 2002] (Fig. C) o

EEZLOT VT I BRI OESHEHRAYNT—IEHERMITKREET 51012, X8
FIEEEZRAL= in vitro 8 B IR ENBIE REBF L 1=[Ueda, 2002], #ik#E 3 #ERaI< iR E
AORTAMRRILVES THS Dex TRIFT &, HEHEGFOMBIRBZERE TEHL
HMENSH TULVI=[Balsalobre, 1998] [Balsalobre, 2000] (Fig. D) . AFZE TIL, /RAILILS T
Z—E D C Kl ADA IV =F 2 it R EEEE R D 73 R (R #EEC 51| (Pro/Glu/Ser/Thr-rich;
PEST)ZR A S EB=-FRTEILILY TTS5—= (destabilized firefly luciferase; dLuc) Z/E&IL 1=,
ZO0 dLuc LIR—4—% MR R EZTBRIZHRBEL TS Per2 I FOTAE—4—LKR

[ZH%IFLTLVS Bmall BIEFDTAOET—2—IZD2RF-aV AN O EERILT-. FNFh



DAV RS FMIICN S X793 L, Dex TRl SFMRICHE B IR B % S5
Lfz&. L2710 ANTLR—2—h 5D FF% 8 E L= [Balsalobre, 2000], ZDHEE.
Per2 & Bmall [FEEWNIHFHDIREIZ RL. CORBKHEBRITOT7MIILIEERRDZ
NE—HL T =, ZO invitro 8 B R ENBITE %% ALV T, RRE E25IAY Bmall & F &E L
. Per2 B FEHAMAHDEE B RIRBNZ5IZH T XA IZLT-[Ueda, 2002], &x
E#ilf# RRE B25l(d. REV-ERB / ROR 773!)—(REV-ERBa. REV-ERBB. RORa., ROR,
RORY) IZB I BB R FD#ESESI TH S[Ueda, 2002], RO 7 TO—FIZL>T, 16 &
DEERFHOEBHINSBN TRETEE RN -V DFEAREINT [Ueda,
2005], FrEHIB{EF D FIERREFEISIZFES S E-box (“E1"EESI) . RRE(C“R"EEHN) H XV
D-box (“B"EL5) D 3 FEEED DNA FEEEFIDHEAEHLEICE> T, HEHERFOAEDN
RESNDAREMMNRIBEN = (Fig. E),

PRI, T/ LEROSIFFR LT E-box 72& D DNA #ESEEHIZERY HL T SV40 TOE—
A—TEREIS B I-LIR—2—TU X LREBREHR T HFEM RSN TLV=A [Ueda, 2005]. Bx
B IX DNA #EEEHIEMNY TLHKZD BB DESI0Z DE S| LEAEL-EERTFEHD
B VOBIEREDEBMICESTEITHhNTEY. DNA HBEEESIDHEAEHE DA TE
EQRHEERELTNSNESIH, SLEDRIIERNBETH o1 AT TIL, Mol
BUXLEERT DRIBEROEAEHOEEREL. REELUEREEZA LSEEHIL
[CAZILTz, CHICKY . CNETRIESN TELREHERFESHIEHR NI —IIEEE
MAH~NSEREL-,

FY . PRB LUK B T EREHEGFORRBHEERL. FRICKLT, Per
B FOFTIE, Per2 DA (E—V8Z)) A REBELIEX R LT, AT, invitro I8
REVAIERICELNT, BB FORBSEINCZOERTOE—S—ZFIAL T, Per2 &
GEFRBEOMEDENICEAE T OHARIIZREL-(E—F), il T, FHEERFD
SIRNA /90870 E XU cDNABEIFEIRIZ & T, #8808 B REHRBIK DR



ZHREEL . D-box FIHEFDEN ., HEDORAHADRESODREICEEZLGHREEZR-LTNS
EEBALMICLIZ(EZE),

NODFERRICKY, FEHEGFHOEERIEHR YT — VBB T . MAYX LD
RBIHRPATED LI oT=, LML BB RICBITI HERRAL TLEILSLAFRGE
DRAEHEBDEE A BEERIZEWL T, IS >TREATN TLAD M EULVD R KAZEA
DFEET, FL T, REFTTOEEMNER O > TGN o, — A BITHED I XRIC
“B"OBEIFICEITEZ 5258, FiEGE DOREEBORFEHELRFD) X LFKBE N FEAL
IR B ENRE S F-[Damiola, 2000], ZZ T, £& (L. [BEHIZL>TEEIT HRILEY
BEDBRERFNREFFEZRFASE D1F . [RIEBBICE O TIEE < DOREBOHAY
EMICRRAESIEFRIT T FTILEENDITTOSIEVND ZDDREREIL T, RIS 5 &
[TL7=o —HRIC. AL S MM SFHAA L. RERETDOETILRELTRASA TSN, C
NODREEDIREEIZ(E, 1R U REZEAGEVOFFEANLYBELTWSEEZ ., FHlifaz
RAWTRARFZEERRT A ELT-, RFARFELTESKEFIE. — AR T S5
FHIZKYZDEADRLGLIEN DI OTUND, BEBOAETRICH THERF T ENSA . B
(TAMSRERICLTHERE LR ES[Daan, 1976] (Fig. F) . Bt BBt O LIS Th D%
HY Z<REALT 510 RIBZER T -FZIZEE#ICEY . ZORIBTHEFESNILIES T
DREERESEMEACT OV T FTEMERIGHIREVD SR K> T TR
HRAREN ., KA ERAERF THAHEDFEA LA SH[Daan, 1976], AFRADEETISXL T,
AV AN K DU RIGERIEY B2, O RBEZEHMEFTHENTES.,
SYMIREBEEFHRZAVT, VXL RBEEF CEHEEF REFARK LI, C0iBE
T. RO 3 RTEET S LITLYIvy— L E TR RSN SIEZR LT,
CO3RTFEELInviro BB IRENAERERAEHOE T HRETHOT, 10X VA RHH
RDRFARFELTENTNSEZEAL-, COZEFE, BEICKYEDLSIICLTRER

HAHBEN TOAAELSBNZE X HLO THoT- (FZH) .



REIC FBOBMAVXLDOEBEREER L. FBIC2EICFET PESETFD
1 DTS DBP[ZH#EE Y X Lhd BT E[Wuarin, 1990]. DBP AEFEHE G F DEZ B FIEI D &
759, ALRATO—LDECABOEREFEZIES CYPTAL DEIEY X LLHIHT H L
[Lavery, 1993]. CYP7AL [FAL AT O—LE BB EEBLANABET B IFZHE—O
BETHY. Z0EHEFEFOFILATO—IILEEDOHIEIZIEEICEETHS L[Lavery,
1993]. M ESIN Tz, CNEDHRBZEIZ, THFEOMA X LD RRFAIEIDE. I
LRATO—LKBIICREERT O TIEILELANIEE R -, CORGERIET 5701, —H
DEEEBREATIC.FhE4HD 12T D1 H4EIILTERABIET, “B“E M
FIC1BRBARBERRTDa—IVEANSEREEEL-, COERYXLDAREICES
T.MHILRTA—ILEEMEMLU -, SoI2. KBOTDMER CTHIFEICERZS
TC R FANZXLEBHLIZECA, CYPTAL DYRXLEREICRANH D EMN S M oT=,
THHE BERVXLDHIET DL BEDIAIIVJ L CYPTAL DY A LDRAAIVTIZXL
AELT. ALRATA—LEERBERMET IS EERRELE(BRE) #ITESE.ER
HALRATO—LREEHET DICE. EXRGFEBOMB) X LOHRE, ThzEJRAIE
LWMEBRAIV TN ETHEHEERLE,

ARAEE, BIEIZETEEBARICMET HEEZ TS, WIADERICEFHZIRFED
Rondleéld EROEMNOHLARELTEEZERH T H[Paschos, 2010], 1% ZEEF %I Z il
FHILICKY. ENE LT CRIERZETSE 5. BREEEEMN7 T0—FHARIL TS,
FlZIE, BhERAEICSVT HANENSLBYPTVEEICIE., ZORZICIFREED
EEDLIBEWRE M THNTLB[Paschos, 2010], 14— OV &S HFEEDEIVE
.52FPEKE. BERBRNEEETHIEIKY, B TES[Oho, 2001], —h oD
BIEHARDOAAMEELLT MBI XLDOD FHELZMAL, TNICEEERTHILCEL-
T.ERREVALOERELGEZERCIELILIGEYDRERICIRYMBE RETIE AL H

EEZ TS,



ABEIZEWNT, FrahEInF DERS HEHEIEZ AT 5=OITEHRAL =, invitro BB iR
BRILEVRV) =T ~ADICANTHETH S, ERRIC. BB RBICEELERIFTTIE
EYDORIEIZHILTLSEHIEEH S, Casein Kinase > c-Jun N-terminal Kinase DFEEZE
M. BRSO FERICHEE 52 D5 EMNFHESINT-[Yagita, 2009], LAL. ChBlEFF—
CTOREETHL=H. MIEREZHT OTRETHLLHEASN D, LYBELLRIZEE
HDIRRENLEENS, MERBEZFRSEIMBIIHEORMAHDEEZA TS, T
Ho, M. BEB CRARFNELLIAREMEEER T INETHH, AAETIE. VAL
BEFIOIX®, FHEOEEZDOREFZRAL T BEDEL invitro BB IREAERD
BEICRIIL TG, LIz > T, R DI S MREERALIRV -0 RTIIRERT
ot L EYPORFARFDORENATREITEDEMFTE D,

PIREFETSERER . SOREDBEMS L HALHON TIVSA, RIEFFEHERB LD HEE
I RBIATH 7=, KARTIE, FRICE T HREHFTDRFARFOREDHEST .
ZTOEBMERZALCNICL-. AR ORIEEMELTOZ LM, BNKEEDREEIC
B TERIDEEZA TS, AR X L. FEBRPIEHHERBD 24 RS TV T4, Bl
ROEBT—HNLLHLHFTES REBICETEHBEETORENIL. BIEZENMDEEIC
BEELGMBELEDD, LHOLELS, CNETIE. —AOFO— RO T—2LHNFELTLVE
W27z DNA A 907 LA ERALI-BRMNGRIREN (TETHTHIN. 24 BEZEL
TORBRT—HIRN—RE BHEEBEDEERERIET 50D, BEDF LY —ILIZH
BEEZTVD, ARROBRIT, BRE. 2B LG TNE AR I R O—LDIF

HFRAOBRDIREICESIETHAFT D,
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Figure A. Effects of an SCN lesion on circadian rhythms in the rat.

(A) Representative double-plotted actograms of locomotor activity inthe control (intact) and
SCN-lesioned rats. (B) Representative Northern blot analyses of rPer2 mRNA in tissues from
the control and SCN-lesioned rats. Animals were housed in LD12:12 (lights on at ZT 0) and
were Killed during the day (ZT 6) and at night (ZT 18). D or N above each lane indicates that
the lane contained RNA obtained at day or at night, respectively. The night-today ratio of rPer2
MRNA levels in each tissue was calculated with values quantified from Northern blots shown in

each figure. kb, kilobases.
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Figure B. Transcriptional feedback loops function in circadian clocks.

Colored dotted lines represent mMRNAs and link genes with their respective proteins. Proteins
with positive actions are in yellow, negative components are in blue. Protein-protein
interactions are indicated with dotted black arrows. Green arrows indicate a positive effect of a
component on some process or promoter, and red lines indicate an inhibitory action. (A) The
cyanobacteria clock and (B) the Neurospora clock. The question marks indicate that the
white-collar complex has not been shown to directly bind the promoters of frg or other
clock-controlled genes. (C) The Drosophila clock. The question mark indicates that CYC and
dCLK have not been shown to bind the promoters of output genes. Also, it is not known
whether these proteins inhibit the activity of some activator of dclk transcription or act more

directly.
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Figure C. Schematic representation of the transcriptional-translational loops regulating
circadian rhythms in mammals.

The positive regulators CLOCK-BMAL1 activate genes with E-box elements in their
promoters; these are commonly indicated as clock-controlled genes (CCGs). Among the CCGs
are also the genes encoding the CRY and PER proteins that act as negative regulators of their
own transcription. Additional loops of the circadian machinery involve other transcription
factors, whose expression is primarily activated by CLOCK-BMALL. These are DBP/E4ABP4
and REV-ERBa/RORa, which control the expression of genes with D-box and RRE elements in
their promoters.
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Figure D. Accumulation of Various mRNAs in Serum-Shocked Rat-1 Fibroblasts.

Rat-1 cells were grown to confluence in a medium containing 5% fetal calf serum. After having
been kept for 6 days in the same medium, cells were shifted to a medium containing 50% adult
horse serum and incubated for 2 hr, after which the serum-rich medium was replaced with
serum-free medium. Whole-cell RNA was prepared from about 1.5 x 107 cells at the times
shown on top of the figure after the serum shock, and the relative levels of the mRNAs
indicated at the right side of the figure were determined by RNase protection assays.
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1 day

Figure E. Simple design principles encoded in the complex transcription circuits underlying
mammalian circadian clocks.

We categorized them into five groups according to their upstream regulation: regulated by E/E’
boxes, regulated by both E/E’ boxes and D boxes, regulated by D boxes, regulated by both E/E’
boxes and RREs and regulated by RREs.
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Figure F. Gated and nongated phase response curves.

The photic phase response curve (PRC) was obtained by recording actograms from mice

exposed to a 15-min light pulse (for details, see Daan and Pittendrigh, 1976).
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F—F BFHEIRF Perl. Per2 MELAHMMEZERE T SEFatHI{HE S
DEE
&

NETHLON TV SREHEGFDEEHIE AN X LOERERBILIT., EI2amPa
*J/\I Period Bz FOHEEHREOS LLTHRAIT/O—=% 3Ntz Periodl (Perl) (2B
T HMBMT, TICHHEEFIOE—S—BE- LI T75—EEGTFOBREERRIZE T
5—BELR—E—T7vtA DHER THh H[Gekakis, 1998], 37445, Perl DTOE—2—%E
15 £ M E-box(CACGTG) [ZKs&HEE B EF T#%H4H CLOCK/BMALL DATREEARMNFES
BHIEITERY, Perl DEEMMEESI ., HREMRND PERL DA/ VEHBT RN LRT
%, HBER® PERL [FAEAFF—EIZ&D) VEILOMRIEEHEZ T, thDEFETE>
/XY CRY ENTOEEFEMBL. BUKICBITTHI L&Y BEOEEEIHT 5.,
2FY, BEHEMI1—F /v L —T (L BET FI 1 TdH B[Kume, 1998] [Sakakida,
2005],

LLEEDS, Perl [EHLETRAIB—=0F SNz D T[Tei, 1997]. THZHIT75H
FELIDIFTIFALN, KB, ZORD/VITINI I RADRBELEE N DL, Period IZEHLT
X.2 FBBICYyO—=2% 3N Tz Period2 (Per2) O LAKYAT R FTHDHEEZALNTINDS
[Takumi, 1998], £ZESNY IL—T (&, KB FIEFEEZL ML= invitro B BIREVAIE REHE
L. A7 5 FEFE O B IREMEIEE HREE L 1=[Ueda, 2002], COEERRDFIREL T, OFF
HEEFOTOTE—4—ERE)TILAA LIEREMICTRTEAIE, ORKRMWLEE
ZFTH5 Per2 &£ Bmall AEEWNIHLHDIREIZRL. invivo DRBRV X LERBT S
HLOTHDHI L, I, @invivo THEAT S RIERFORBHEDEZELHRT HLN
TE. HIREARDIRB AN X LERR T HENTE L ENE TN,

FREHEGFOXRESIE L BORESFRBIZERSN., ‘817, “B”. “W" LWL 1=FF[H I
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BENLEREEERT, LHLE ERETVRTEIEMIZRESNATINS 3 FEFEOFKIRHIEH
Bo g, “§A7 B2 5 (E-box/E’-box) . “B"EeFI (D-box) . “7&"Ee5l (RRE) DEFHEZIRIBLTLYS
[Ueda, 2005],

Per2 MEEFTOE—F—IZIE, BEH) E-box (CACGTG) (EFELLZELED D E-box 4k
M CACGTT N EBM THREFSN TV SESIELTRIEENTIVS, Per2 DEERAIE R LR
@ 20bp [THIE T S E-box (CACGTT) A RENFEIRICHAD B THAHZ L REN TS
[Akashi, 2006], CDFEEMN) X LD RIRBEICEETHAZEF/vIM XD REFEo-F
B2 CHELBASN TLVS[ Y00, 2005], FRITIZHEY | Per2 MDEEFIHIEISIZEM T, EsE A
RTRICAIET % D-box LiREL) X LFIRIZEE 53 % &R &S 7=[Ohno, 2007a], —D &
SITY X LFERICET HEMIEBRINTEHN H(RRE—) DENEFIET 541
ZR L ENIZEE T HEHICEALTIEFBATH 1=,

Perl MERE (L. E-box & D-box [CKYU RSN TS EHRE SN TLVSA[Kume, 1999]
[Hida, 2000] [Yamaguchi, 2000]. CALZ—BHEDFEHERH T HREBERTHRONHERETH
YIRS DMEEE TS —ECDANZXLOEREARTHILENHSH, —F. Per3 [
BALTI. in vitro BE BIRENRIE RICE LT, Per3 hMFD D-box [CK > TEDREFE—IAER
BATEAHIEMN DM o TLVS[Ueda, 2005],

ZC T EEBL, KEHEGTF Perl, Per2 DML TOE—2— BT EEE TS5 &L=,
ZOHR. KIS EEIN DM IHDREICEEGRINERLTOASIENHALNIE
ofz, EBIT, FBRE—VDENIZEE T HFRET B -box ZEIELT=.
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FaR

PIRE FUREBRICE T DR EHELRF D FIRAZT

AEAEDGVKRETOBEEGEFRERIOT7AIILERD DI XIREHFTITD 2
BATICIEREHICBL-, ERFGTTHBEL-YVAD SCN, s LU B R AEER
(white adipose tissue ; WAT)% 2 BREIChHhT=>T 4 BT &IZ 12 mERELT=z, Total RNA
ZiHL. EEH PCR ETEEIHEERTO MRNA EZAIEL., I/ \I—UERIELT-
(Fig.D) o IRBELFORBRE—VEHTETHHIC. HFTO—T D 12 BRORBET &,
E—9% 10 7RE%IATEEL= 24 KEFAPORKKREDHEEBRKERDT=, COFEHTH
5. L2 ELEBEBRBOEN S REKDOE—IEZIZE . IRENEGFOE—V8FZIELT-
[Ueda, 2004], Perl D &AM HITHHRIEE—1L.5.2h (SCN). 11.3h (FFE) HKU 9.7
h (WAT) T#Hof=, Per2 DFEIHE—/(&.8.7h (SCN). 147 h (FFif) H&U 12.8h (WAT)
TdHof=, Per3 DHFEIE—/I(X.8.7h (SCN).11.3h (FFl) HELU 11.3h (WAT) TH»
1=o

Perl & Per2 Bz F7OE—2—IZ(&. E-box (“E"EEFI) & D-box (“B"EFI) B FET S
[Ueda, 2005], —A . Per3 B F7AE—2—(ZIL E-box (“$77ERFI]) (£7:<. D-box (“B"E
) DHNFEL. CNFETORETREIZE LTI, Per BIZFDH T, Per3 DE—V B
HERLENDHESIN TV -[Ueda, 2005] (Fig. E) o LDL, EFLNPIRE LU RIEBRICH T
LEFEHEGTORBEBNEERLIIER. Per BIZFDH TIE, Per2 DE—UEZIN R
EBWIEERDHR=(Figl), COIEIE, Per2 B FIOE—2—ICIE. ChETHLAIZTH
TN ZRBSEDEIINFET HAIEEMZREL TLVS, £ T, invitro iR
REBAERICBVT, ML TOE—42—MBNEERT 52 &0T =,
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BEHEIEF Perl MBI E-box DI L-THIEEN S

BFETEIRF Perl (& E-box & D-box [k > THIEEMFAE S TLVSH[Kume, 1999] [Hida,
2000] [Yamaguchi, 2000], LMWL, ChETOME T, SERFOESZHEE S ZR DT
G SIS ERICHEEET IO ENEHET H-OIC—BEDFENAEINTE -, Ll
BMEVXLEBMNGRETHY AREE I OHEELREL T 545 L, BEEMEOEHLE
EEBRTRETHD, Rat-1 MMEITEEEMDEL Dex FIHZFICKYEEICBIBIRBIZE
L TE5HMa% TdhY[Balsalobre, 1998] [Balsalobre, 2000]. SCN &(FIXR D ErsHi4tE%
RELTWBIED, Cryl, Cry2 D /o5 I (2K BRIBEBIT A DAL A IZShT=[Yagita,
2001], SO &(F Rat-1 #ARRIZIE DK ES invivo ZRIRTBDIZ+ 52 HEEEDNGE
EFAEHLO TS EERHRL TS, TN A FFEHEGFORAERSIIZZ T HFIEDR
ERRIIVILS T25—EEDLGNELR—2—EEF% Rat-1 fIICEAL TEYGRIH
Z9HIET RN RAONSNEN T, BLSIAHEET EMDVWTEHETE S, (FLBIC,
B BIREZFESE HBEUGERIZIERL -, Rat-1 #BIZHLT, FILaa)LFaqrn
Perl DRAMFEZSIETRIL. MAMRBAZFR T HIEMNHESN TL - [Balsalobre,
2000], FATAFF—+H AIZDTH, Perl DEMFEICREHS I B AEEMEATEEINT
LVF=[Yagita, 2000], CZ Tl&. Rat-1 #IBAIZ Perl B F7OE—4—LR—4—%B A%,
Dex FE7=zI&. dcAMP (dibutyryl cyclic AMP) TRIEBL TBE B IREN & S 1-, LIR—32—i&
EFICIE. BABREORERRIIIILL T5—EERANT, BAZTAE LIz, CNETIEE
BIRENZFRIE HEHRIEL T Dex ZEALTEA, BITRLEZLIIC, EBREIT.E—2
BFZI ORI R E LELEWSERED B o7= (Fig.2) . RIHMEFIEL T, dcAMP Z2EIRT 5
EIZEDT CNETO Dex RIHITHEART, RELI-E—VRZIERIEAFGONHZEMN DM
2712 (Fig.2) . FRMTIZIE, FHBIT—2 (ET—42) 5 24 B D OB B TFHELSIK TR
WIBZITULN, ZD& 2 B2 OBEBTETERILT 5T BILNEZIT 1= (Fig.2),

Perl B FTOE—S—@BNEERT 5102, HiHBEGFORSEIOREBLERRKE
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FAL=. 4 FBEOIV AN I #EHE L= (Fig.3A) , -5,071bp M5+1,694bp FTEEL O
E—5—TH5 mPerl-dLuc ZHERLT-, HFIFERERIB AN DEEKETRL TS,
E-box & D-box % 1 D DD, mPerl V-dLuc(-233 to +17) B L1z, (2., E-box F£i=z
(& D-box ZAMEHEZSLESZ 3 BEESICRYBLI-LDEHARAALTZLR—2—ERF
FEBL. TLEN DIV RS M% mPerl E-box, mPerl D-box E&i & L=,

Rat-1 #RBICENSDLR—E—BEFEEAR. dcAMP TRIFEL ., EAEBHEL . K
EHEREICIEBARLALY SVA0 RA—2w T AE—4—% dLuc [2DRWVEaV RS VMNEE
ALTESEICIIB A IRENEFE O NG oF= (Fig.3B) o iR T —2DFHIMED peak EEXHE
L. peak DEARTHEL =N RIBLI-DZFHBDEZELLI- (RIBDRTE - RIR),

ZDH#EER . mPerl-dLuc(-5,071 to +1,694) (X, mPerl E-box &ECAI48% =L71=(Fig.3B, C),
FEBITAREIEIT, mPerl V-dLuc(-233 to +17) [&, mPerl E-box & mPerl D-box @ = fE O iz
#%RL7=(Fig.3B, C) , mPerl V-dLuc(-233 to +17) &, E-box & D-box % 1 D 2> Ty
%, DFY. E-box (“EA"E2S) & D-box (“BR"EEF) DIEAEHE T, “B"E R D EIZHE
LI BHLNIEA DY HEN T, Perl BIZFTOE—E—IZIE.5 DD E-box 1 DD
D-hox K& HY. FI{HEZFI DE D Z L E-box DEIFEAS Perl DEIMBIZREIN DT EARE
SNtz BH. Perl EEFIOE—F—ITHFET S5 DD E-hox [£. ThEh
CLOCK/BMALLIZ&>TEMIL SN A T B ENFER SN TLVA[Hida, 2000], B E

DFERIE. FET RIS DBNIEDOREICEELGRENERZLTNHILEEZRLTINS,

Rt BT Per2 DAIHHDEN (L, FFRECTI E™-box [S& > THlfHISN D

VX Per2 BIFNDTOE—4—BE O HIHEELZ BT T 501 LTOTOE—4—
$EEE dLuc (SEFELI=aV RSO MEERLT=, Per2l, mPer2ll, mPer2lll [(ERERH AT

BEICRESNI-FEEIA 3 EFT (Per2l, Per2ll, Per2lll) 5 (Fig.4A) . IRIFEEL I & 11121,
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B TR—Y L TOE—2—FENED 51128 (data not shown) . ZNZF . SV40 TOE
—A—ZERELIzaV ARSI EERILTZ,

® mPer2-dLuc(-3,303 to +195) : mPer2 ;BE{zFDERERIR m D £ iR-3,303bp M5 TR

195bp

® mPer2 | sv40-dLuc: fR7FHEHE I+SV40 TOE—42—

® mPer2 Il sv40-dLuc: fR#FHEE I1+SV40 TOE—4—

® mPer2 lll-dLuc: {RTFHESE I

Rat-1 #if2ISChS5DLR—2—EIEFEEAEL., dcAMP THIEL . HAEERELT =,
mPer2 | sv40-dLuc & mPer2 11 sv40-dLuc (X, Bt BiREZF RS A >7=(Fig.4B) , — A.
mPer2 Il [XBAREGHE B RENZ L. £ DAIHEIE, mPer2-dLuc(-3,303 to +195) &—HL 1=
(Fig.4B) , L EDHEE NS, 5 I RTFEFEELA Per2 DB BIREIZHIEL TLVDIEMN TSN
f=o

Per2 B F7OE—2—DEF Il RIFEEICHE A E-box (CACGTG) (FHFEET .
E’-box (CACGTT) MR EV R IR ICWA B DB THAHZ AR E S TLYS[Akashi, 2006], &
DEBODEEMEIE/ VI A0 A Eo=RERTHIABASN TLV B[ Yoo, 2005], FH (L. 5
1 B3I, #7175 E-box £B{UER S (CATGTG) = R L1=(Fig.5) . CDEESIZE E -box &anfh
L. Per2 O#fRIREI~ DB 5 & #&EELT=.

F7. % N REFEHDSFTFLRBERSILAR—2—Z/ERL (Fig.6A) . Rat-1 #ifFIZE
A, dcAMP TRIHEL . BAZBEEL-. WTHOIAVRMSIMEALSE T, iR
BLEIRBZRLI-H. CIMEAEIL T HIREMEH LT, mPer2 111 (-254 to +41)-dLuc &
mPer2 111_1 (-181 to +1)-dLuc [LEI#kDHi4BZ R LT=(Fig.6B, C), mPer2 I11_2 (161 to
+1)-dLuc & mPer2 I11_3 (-142 to +1)-dLuc M HI4AIE. mPer2 111 (-254 to +41)-dLuc &LLERT
B&. 15 B, BTELT= (Fig.6B, C) . LLEDFER M. E -box & T 20bp AY Per2 D%

RICEEET 5 &N DA 0T,
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LT, HEDRRICES T HERINER/HET 5=, 5 I ;REFHEEIZH S E”-box E2FI
(CATGTG) & ACCGGT ELSlICE#L=EEAEFRLT=(Fig.7A) . IE1E* BB &L T, D-box
L E-box (T3t F 2 EEARBER LTz, D-box HXU E’-box DERAKIEELE X A DT
DIZXL T, E™-box ZEIK(F. FHEDAEZESISHE L= (Fig.7B, C) . CDZEM D, E™-box
MO RBZHIHT HEITHEETRESNT=,

MR BRRDANDZZXLERIET 51=OIC FMSUVRARAFEBRRBRIE 5 —BHELR—42
—7vtAEREL = E-box DIFICEEE5Z DRFHEGRFEMEL T, CLOCK,
BMAL1. CRY1, DEC1 A&05H TLYA[Ukai-Tadenuma, 2008], CLOCK/BMAL1 (&, E-box
[CHEELTESEME{RESE S, CRYL L. CLOCK/BMALL EERICIEAT 5L TEHE
EMEZHIH I %, DECL [, E-box [CE#EFE AL . CLOCK/BMALL IZ &K HEREEMZHIHIY
%, EV-box B HELSIZE 3 EEIIZDAWEERIIEHARAATISVI0 A—2 vy TOE—2—
TREBESNHILLII5—ET A Z1Tof=, TDHER. CLOCK/BMALL [2&- T, 85
EHEMMEESh ., COERSEMFEL CRYL [CKYIFIEh iz (Fig.7E) , — 4. DECL (&
E”-box DELERMEICIZEAEEEEE XM o7 (Fig.7E) , BN ZR T. DEC1 A E-box
REEMHEIGIT 5L IR TETHY (Fig.7E) . E”-box & E-box D 1 IEEDELA
DEC1 DEREEICHEERIFL. CNARGLMBEEAHTIRENAIZG>TLND AT REM

bfﬁxuﬁéhf:o

BrEH&InF Per2 DIRMEIE D-box 4> E’-box EILIEESIIZL->THifHEh S

D-box & E’-box [CEEZBALIGE &, MAFEILLEMN oA IRIEAE T L=
(Fig.7B,C, D). E’ -box DEEMN) X LRIRDEEICEELI-EWVSEF. CNETHRES
NF=&SIT E -box BN X LFERICEVWTEETHAHIEERLTL S[Akashi, 2006] [Yoo,

2005], — A . ERERIR A LR IC&H D D-box (&, VA LRIRKIZEAELLZWNWEWNSTHRENH DL
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M@ [Ohno, 2007a]. BEDETIERIFEEZ T 3 BRICITYXLAKREGHEL TV
[Ohno, 2007a], £ M71=I< D-box DG ZHIE T ST DEMNRH NG OI-FIHEMHEM
BB, FHOHEILzinviro I BIREFBIERICE VT, RiSZEEZ T3 ARICLHARELR
BRIRBNEHONT=(Fig.7B), 2FY ., B AIRBZREICRAMMFLI-RRREEET
Ef-CUITEo T, RERITHEERI TR ESIN TL V= D-box HRIBOEKRICHESEL TSI E
IR EMTE,

EEEMHERAFLESMHRAF M ESERIISHEE T IR0, EEDREDNFVANE
ETHDHEIEESN TLIB[Kumaki, 2008], E-box D& &, CLOCK/BMALL M E-box [Zxt
THEENBLITE . IRIFAEKRT HEFHE SN TLVS[Kumaki, 2008], ZZT. Per2 i&in
FDRX LFRIRMEZ M T 57202, E’-box O EBEFHIZDULNTHEHT LTz, E’-box EE5
Mo BRI mETELERSI (E’-box Long) &. E’-box B3I o ERHIR R LR 12bp £T
LI (B -box) % 3 EIEFICD7RVEERSIE SV40 TAE—R—LR—2—IZHARAAT
AV ARSI REESL (Fig.8A) . Rat-1 #liFZIE AR, dcAMP TRIZL . BiBIREBZESEL
Tz BIEREDNTEDET—2%H5HE. E-box ELLEL T E’-box Long DHEAEEILTHTM -
1=(Fig.8B) . IE T —4% E;BILMIEL =LA, E’-box Long D A M, KELIRIEZ R LT-
(Fig.8C) . CM &I, E’-box Long Tl&. EREEMLEF D E-box IZX T &S EMNTEE
D2TWBT= . ET—ADEI NS >T=DEEEZLEND, U LEDFERIE. E-box BLFID
HEoT EERIRRNSZED LR 12bp ZECEIIANHEAEHEY, LYSRELR X LA

ERESNAHIEERLTILNVD,
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Figure 1. The expression rhythm of mouse Perl, Per2, and Per3 mRNAs.

Total RNA was extracted from SCN, liver, and white adipose tissue (WAT), and Q-PCR was
performed to examine mPerl, mPer2, and mPer3 mRNA expression. The relative level of each
mRNA was normalized to the corresponding Gapdh mRNA level. The maximal amount of
MRNA was set to 1. Filled square, open square, and open triangle lines represent mPerl, mPer2,
and mPer3, respectively.
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Figure 2. Robust circadian oscillation of mPer1-dLuc driven bioluminescence in rat-1 cells.
Luciferase reporter constructs driven by the mPerl promoter were transfected into rat-1
fibroblasts and synchronized by treatment with Dex (black curves) and dcAMP (blue curves).
(A) Bioluminescence monitoring was performed using photomultiplier tube detector assemblies.
(B) To better visualize the phase differences, data sets were de-trended by subtracting the 24 h

running average from the raw data.
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Figure 3. Real-time analysis of circadian expression of luciferase driven by the mouse Perl
promoter.

(A) Schematic representation of reporter vectors for the mPerl promoter. +1 corresponds to the
TSS. (B) Transcriptional oscillation of mPer1 was monitored by a real-time monitoring system.
Rat-1 cells were transfected with the mPerl reporter constructs and stimulated with 1 mM
dbcAMP. Bioluminescence records were detrended by subtraction of the 24 h running average
from the raw data. (C) Phase data for mPerl, mPer1V, mPer1Ebox, and mPer1Dbox. The
phases were measured from the third peak after stimulation. * P < 0.05.
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Figure 4. Segment 111, conserved between human and mouse Per2, is responsible for Per2
expression.

(A) Schematic representation of deletion mutants of the mPer2 promoter. mPer2-dLuc and
mPer2 I11-dLuc were subcloned into the dLuc vector, and mPer2 I-dLuc and mPer2 I1I-dLuc
were subcloned into the SV40-driven dLuc reporter. I, 11, and 111 are indicated in the conserved
regions shared by human and mouse in the Per2 promoter. +1 corresponds to the TSS. (B)
Transcriptional oscillation of mPer2 was monitored. Rat-1 cells were transfected with the
mPer2 construct and stimulated with 1 mM dbcAMP.
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E”box

H: gcacgaacgcgecgegtcteccattgaggaaccgacgaggtgaacatggagttecatgtge

T PR T PEEEEEEETE b T HEEEE TP

M: gcaagagcgcgcagecatcttcattgaggaaccecgggeggegaacatggagttecatgtge
D-box

H: gtcttatgtaaaaagagcgacgggegeggecaccaatgggegegeggegttegtaggeee

M: gtcttatgtaaagagagcgacgggegtctccaccaattgatgagegtagetetecaggtte

GChox GChox
H: cgccectcatgtatgecagatgagacggagtegeggecaatggeggaggeegggggeggge

M: cgcceecgecagtatgecaaatgaggtggeactecgaccaatgge—gegegeaggggeggge

E’box TSS
H: gcggegegegeggtcacgttttecactatgtgacagegg

M: tcagcgcgegeggtcacgtttteccactatgtgacagegg H :human M : mouse

Figure 5. Nucleotide sequence alignments of conserved segment I11 shared by human and

mouse Per2.

H and M represent human and mouse sequences, respectively. The colored letters represent the
putative consensus sequence for transcription factors. A nucleotide sequence alignment of the
5’-proximal promoter of mouse Per2 is presented with putative cis-regulatory elements of the E”
box (from —-162 to —157), D-box (-152 to —145), Sp1 (-100 to —92 and —47 to —40), and E’ box
(—24 to —19). Promoter analysis was performed by TFSEARCH. Numbers indicate nucleotide
distances from the predicted TSS.
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Figure 6. Deletion analysis of the third conserved region in the mPer2 gene.

(A) Schematic diagrams of various mPer2 promoter constructs are shown and the names of the
plasmids are listed. (B) De-trended bioluminescence data of mPer2 1l and its deletion mutants
fused to a dLuc reporter gene. Rat-1 cells were transfected with these constructs and stimulated
with 1 mM dbcAMP. (C) Phase data for mPer2 Ill-dLuc, mPer2 I1l_1-dLuc, mPer2 Ill_2-dLuc
and mPer2 1ll_3-dLuc. The phases were measured from the third peak after stimulation. * P <

0.05.
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Figure 7. The E”-box (a novel E-box-like element) and the D-box in the third conserved
segment of the Per2 promoter are functional cis-elements.

(A) Schematic representation of point mutagenesis of putative cis-elements in the conserved segment I11.
The wild-type is indicated by a closed box and the mutant type is indicated by a white box (christcross).
The mutations were as follows: mutated E’-box (ACCGGT), and mutated E”-box (ACCGGT), and
mutated D-box (CACCCGGC). (B) Detrended bioluminescence data of mPer2 I11-dLuc and its point
mutants. Rat-1 cells were transfected with the mPer2 I11-dLuc and its point mutants, and stimulated with
1 mM dbcAMP. (C) Phase data for mPer2 111, mPer2 III E”"MT, mPer2 Ill DMT, and mPer2 III E’MT. *
P < 0.05. (D) Relative amplitude data were calculated from the third to the eighth peak of oscillation.
Relative amplitudes of mPer2 III_ E”MT, mPer2 11I_DMT and mPer2 III_E’MT to mPer2 1l are shown.
* P < 0.05. (E) Transcriptional activation by CLOCK and BMAL1, and transcriptional repression by
CRY1 or DEC1 of the reporters containing three tandem repeats of either the wild-type or the mutants.
The presence (+) or absence (—) of the expression plasmid is denoted. Each value is the mean + SE of

three replicates for a single assay.
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Figure 8. Analysis of the mPer2 tightly-interlocked region.

(A) Schematic diagrams of various mPer2 promoter constructs are shown and the names of the
plasmids are listed. The E’-box Long regions contains a direct repeat of the E-box-like elements.
(B) Transcriptional oscillations of E’box and E’box long-SV40-dLuc were monitored. Rat-1
cells were transfected with these constructs and stimulated with 1 mM dbcAMP. (C) The signals
obtained in Fig. 8B were detrended.
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Figure 9. Schematic representation of molecular mechanisms of mPer2 circadian transcription.
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BE

REMNRELEES T HEEFEHD DNA Y407 LA IZ L5\ REITICRY . AT
B F DK 10%H BEHEENT 50, M TOA—/N\—ZvTEEhHTALENIEAHS
NTWB, RS, MR (SCN vs FFHE. AFiE vs (D) THIBICEEN T HBEGFH LU
EE SR, 5T 27 ADEEFORMEREEE PCRIATREY H&. RiFhEaF (DI,
fii, P, B, AR, B T TTEORBICHEELCHMBIALARLSNDDEHTH 8
EB{ZFTHD[Yamamoto, 2004], CN5DELFTOE—F— LD DNA FHEEEIIAIERS
. BIBEESHIEIZR4 % 3 DD DNA &5l (E-box, D-box, RRE) AR & 1=
[Yamamoto, 2004] [Ueda, 2005], 3 D DBt HIHEZ S| THER 1 X LM ERBATE D ELSRER
(FIEFE(CHEIRRLY, LAL., CORERIE, FrEHBInFOREFE—VEKZIE 3 DD DNA S
RS DEFRMNASBEHINT=LDTH S, EEREH L DNA EEEHENY T ZEDEID
DEEFNCEDEIIEEELIZBERFHDBRICE>THITHN TEY. DNA FFEESID
HAEDOEDHTEHEEDMBERELTLEMNEID, SOLEIRAERIVETH ST,
BREMFNTEERANT, BIERET QR REZHALIIET SRMYUBANEDLNT
WBA RIEEKREFZID 1 DTHABA"DRI|MELERT HEITHIIL TV
[Ukai-Tadenuma, 2008]

SEORERFIOE—SI—BITNSHLMNEEIIT BLXDOTOE—2—m oD
T CTHIHEREL LI >TLD, ZZTIL. Perl & Per2 BIZFDETAA(IUT DEC
FBLE, MiEfEFed. TRE—2—4HEIEIC E-box/E’-box & D-hox > T 5, LHL. &
BESUREMBBICH T, Per2 OEIENKEFHEMN o=, Perl Bz FTOE—F— 4
[ZHENTIE. FFEHHIEEES TH D E-box DM HEREICEELGEENERLTLSILE
RUT=o Per2 B FTOE—S—BNITENTIER, SHRAEERTOE—S—Z/EHL. (I8
DENIZEEE T H#HMRESIELT E -box ZRIE LTz, COEFIIELIFHREE E-box THS
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CANNTG IZE& 29 %, BIKELZ &I, E-box # /LIS B #ilf#1 £ R #kIZ CLOCK/BMALL
[CLDEMHIEERE CRYL [CRDINHEAZREFL T =, —7 T, DEC1 IZ&HHI#HI4F A
[FERHON Tz, SNFETIE. E-box/E’-box [FN X LFEIRODERKICEAE T HEINTU V=,
S EIDORES T, E-box Mo EM LIEREDEZKY ., DECLOEABEMNELLL. CNMNELR
SPBEAEAHTREN NS> TS ATREMEA RIE SN =, HIRIL ~NILTD Decl DRIEH,
BEHEEFDREERDHDEVSERE A EH S[Nakashima, 2008], DEC1 ASEEHEEF DL
MHEIEICEELGREERILTVSILER /T HIMELEA TS, RIETIE, EEHOH
REAET BHELSIZ. E-box #RELFI D EEZ MM IERHESIZLHTLVS[Guillaumond, 2011],

TNTIH. BRGESIL—TOHEEICEEIRVET—IBEA . B X LOHRITGE
DELEDOTHAID VEDDEHELT, b MEEHEDENELDEREEIL—TETNICE
FNAHEREGTFHOFENTTIREZEDACETIRIRDBHFESZERILL TS ATEEM
NEZOND, HIVEDDEHELTIE, VEDDEFIIL—TTIEHER ORI LA KT
FV=. #9 24 BREORBEAMMRICEEROETIIL—T2HEETILENHDATEE
MNEZOND, ZLT. BFNDEEF OV BEERET I ETHEHDESIL—T%
AL, ThOHAHB L TCERMITIRE) T HBEHILTLADTHSS.

SEO&SIC, ETAT—F—TO KLY FMEERTE, F-EAROERRAZL 5T MEL
N, Per2 B FOTOE—I—EHFER%E Fig.9 ITFEESHT=. in vitro # B IRENBIE R (&
BEICHELTULVAY, HlaL I A X LEERET SRIBEROMAEHEERETL ., RERFE
EZzR LESEDHIEICHILE-, TDHER. MEDENICEE T HFRECH E”-box ZEEL
oo BERITHBEAI TR ERE SN TL V= D-box SRIEDIEKIZHF 5L TLVS I EERLE=,
F1=. E-box E25 EZ D EDEFIANHEAEHEY . SYEEL) X LAERKEN ST ELHL
MLtz SO R ARG S BRI DEABRDLEICE ST B FRBED EHGE

FRRE A GEEN TINS I EZEERIICEERAL -,

31



FF MlEB RN BIRBIKICE TS D-box HIEHEFDKE

&

MRV LOBEEFLRILONOOMEDOEELMERI., 23V a N IORGTERRK
period M5 8 &&= F EED [E E 128 S[Konopka, 1971], period BIzF DR ERIZE>TE
EXLOBBRBEAHORINERLIY, YVALDNTERIZTHEGo=Y LIzCeh b, 20
EIEFHIBEEY X LOHBEEEFIHLTOSOTIEELNEEZ DN, HEEDIEEL
BIEFHREZARRMICROST IO —FORENTEERHO TS BN TH, 7ILFI/LE
FlD—ETHALFERR N-TFIL-N-ZFOVRRZAVTREDEERAR TV REELL,
FLOWRBBERY) =V FT5FENEZOAERTHRAINTNS, COFEICKDKIR
BRO—=V T AT BEIC ST D37/ LTERDBEEDNEAZ-HTHY . #BFEM TS/
LA RIGRRHTEVNSER T, DNA Y107 LA IS &HEEFREBHERBLARINT /
LEBFELVZD, EEFEREAV Y IRATOIBEGRENRLRULIZDI(E.
Takahashi 50, YX LEEZ R Clock ZEADF R TH B[ Vitaterna, 1994], COF R L.
period BIEFEL a0 aVNITH DT =OLERCEREERWTESIN-, 2OTA I+
F.XVROBEYXLOBEELT. ¥—C DR TOTEEEFIMRE —LTREST 51T
B)XLDOTYEARERALTVS, TRV XLDOTvEARIE MPATE=UPLFY
—IVREDRELLERDE EHELIZY U TIITDRBBETHEWVGE B XLORIE R
ELTHET. RELIFERNBELONDS,

B FRESYDOITEN) X LEEFEEL-RBELBITL. T2 FOREE~DES
DHERITEIEALL B, Perl /I T IR IR EZND L BON T IRFIEMM FMERZ AT,
AR B ST E R ET DRE B AREES TULVS[Pando, 2002], 37, Perl /v o7
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ADSERRF S SF AR OY X LEFARESA, TEI X LERBKITEVE#RETRL
Tz, 2DV, OB MM SFMREFER T HRITBIELz, T5&. BHESNTHE
PSS EREHERTIRLEACAYOMBY X LELIAL, CORERIL, REFE
(FBEIZRENAEA T, PIREFETDOXETICHH_EEZRLTIVD, Bl WELEDHZEIE. Y
A LERICELTRBULAH T, THY X LORRE A B2 B IRSEDORE
B RRTHEIERLEVLDTH S,

COESUREBHENH DT PIREH SV B LM B ADIRE AN LEHR
THELIFEETHD, RATIE. E-box [TxF 2EFHIHIRF THS Per2, Cryl HiRHHEF
SOV RLRIRICHETH DI EDRENT=[LiY, 2007], COZEDD. BFETD D FHEED
INETRB D, E-hox Z N LB EREITHAHLEE LN TS, RREZNT SEFIIL—TIZD
WTHEFZ AT AESN T B[ LIy, 2008], LMLEAS ., #ifa B /7 B REHRBI (K
281+ % D-box HIHEFDEENFRIESN TGN o=, —BEDFEZRET HERR
[ZHULVT, DBP [2HK TSNS PAR BEZE A F A D-box [Z#EE L TEREZ R £ L [Mitsui,
2001]. E4BP4 H' D-box Z 4 L1=8EZ %19 52 &1L H 5 TLI=[Mitsui, 2001],

ARETIL. invitro BB IREVRIE RICHEWL T, BFEFHERF D SiRNA /YO8 00 B XU
cDNA BEIFHIZL->T. #la B RN B EHREBAORREERIIL . TORR.
D-box HIHEFDEH . HEDOBDREDREICEZLGHRENZRLLTVOSIEAHLH

Eliot=,
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FaR

(LI, in vitro B B IREVAIE R DR UM ZHREET 5702, Rat-1 #fAIZ dcAMP Rlli#
L=, REMDOREHEGFORBEEZEER PCRIAICIYVERIZAIELT =, Per2 &
Bmall NEEWIFE BN IRENZ TR LT=HY. Clock (£ X LFIRERIEAo7= (Fig. 10) , =
no® MRNA OFBRY X LIEEARRNTERBERD/A3—>2 %R 9 [Ueda, 2005], CALlE, 1EE
MR THLREHERFDEE I, — R/ \ U IEENEAEEL TSI LEBORE T IEELGAR
THb

g B EMGE B R EHREMADRIBEZIRE T 5102 BEHEEFZ SIRNAIZEST
J99F LTz, Rat-1 #liRAIC Per2 SBRFTAE—F—LR—4— LR ERTEGTFD
SIRNAZE A&, dcAMP TRIEBL TR IRBIZFES B 1=, LIR—2—BEFICIX. B2 FE
MOHRERRFIIILS TS—EERAL BAZBRIELT =, E-box 2T HE8EFMEILEF
T&5Bmall & Clock 2 /v9 8 SE1=E25, AN X LAEKR L= (Fig. 11A, B) . i5
B RFTHS Cryl D/ 993D TlE VX LOIREIEFEADLIA, BHIXIZEAEE
ez o7z (Fig. 11A, B) . RRE B 5% 9~ 5 3NHIEFTdH S Rev-erba D /v I3 oIk
B BRI EEEZ G o= (Fig. 11A, B) o Rev-erba (37 AV 74— LDFEMN BN T
LN\B 1= [Liu, 2008]. Rev-erba DIEREENRIEBShI=TTHEMENH S,

D-box #{HEF D /v 5 Tld, DBP TIEREEAMNEL L >T=DIx L T, E4BP4 TILFE
N R o7z (Fig. 11A, B) - E-box I BT REF# siRNA [Z&Y /9o F D aE -
ECB VRTLERD) X LD FRELIZH, #thD 2 DOFIHESIZI T HSRAFE/
VORI EETHEDEEERPMMN BT HEVEBAHLGLDTHY . D AT LE2EDY
ALDERIRY B &F Motz CDOIEMD, E-box ZN LI=EE HHA K& D 5 FHEED
FIDTHAEEZ D, 4H . NEMED mMRNA EZ1EIREL T, EERICHLV=SIRNAIZES /Y
HE U BREREZEL TS (Fig. 11C) . DBP & E4BP4 @ siRNA DRI RIFEL /IR T
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HLHEFELTLVS (Fig. 12) , L EDFER &Y. D-box HlEIRFDEEELSE DL, HIAD FHA
EOEEITHIEM b of,

D-box Hl{HEFDEAALEE~DIERZHER T S0, invitro BREBIERIZE T
CDNA ZBEIRIBRIE HERET o1z, IFLHIT b RT V2 avIT&Y . B4R D-box
A\ DBP TiEM LS., E4BP4 THlHISh B &, ZE D-box TIXIMNRISHNILER
SEL7T=(Fig. 13) . RISRLI=EIICFRBY DREREMN GO, BRIEHSEEGFEDH
HRERIZBKCEMN RSN T=, invitro B B IRENAIE RICE VT DBP Z BRI FEBHI 1=
5. BB EGY . E4BP4 OBFIFIR TIE. RN ELL 7= (Fig. 14A, B) . cDNA B FIF
WMRITEWNTH, DBP & E4BPA XA L T, HDEBZESIEHE LT,

IOLIBRD., Per2 B F7AE—2—HENGLONENEREET 57D, Perl i&
EFITOE—E—LR—2—ZHANT, AHkOEFTE{Tof-, DBP ZBEI KI5, &
N RLGRY E4BP4 Z BRI RIS 1=k, AN RS ERNFOoNT(Fig. 15A,B), C
DFERIT. Per2 BIEFIOE—F—ERAVV-HRREEHTHIDTHS,

Perl & Per2 B F 7 HE—2—I&. D-box ZH>TL\5 (F—F) . SMEMICEATST0
E—H—LR—2—H D-box ZEFHMEETH, INETATCEAHEEBNEILINE
DERREI LTz UXLRIRICHDELR/INERIITHS E’-box & SVA0 THE—F—FLR—2—
[SEFELIZOV AN OREERLZ, COLR—2—%RALV-15E8TH, DBP ZBFIRIRIE
LEEBDIERMNFEo1= (Fig. 16) . S5, Per2 BIEFIOE—4F—0 D-box [CEEZE
ALFLAR—2—ZRAW5ETH, AHOBIHEEF A SIS SNz (Fig. 17), CDIEM
5. D-box FHIHEFI&. MICNET SEFETHICIEATHILT. AHORSEHGHL TS
ERD Mot LLLDFEREY ., D-box FlIHEFDEL ., BHORESOREICEELGKEZE

Bf-LTWAIEMNTENT=,
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Figure 10. Temporal expression profiles of clock genes in rat-1 fibroblasts after dbcAMP
treatment.

Quantification of temporal changes in Per2, Bmall, and Clock mRNA. Top levels of each
mRNA were arbitrarily set to 1. The time shown is after docAMP stimulation. Three time
independent experiments were performed.

36



— Negative control

0.3 siBmall . siClock 03r siCryl
— SiRNA 0.3

0.2
0.14
0.0+

1 2 3
-0.14
g 02
o
5] -0.34
2 03 03
=
$ o3 siRev-erbAa 0.31 siDbp 03 siE4bp4
0.2 0.2
0.14 0.1+
0.0 0.0
1 2 3 2 3
-0.14 -0.14
-0.2 -0.24
-0.3 Day 034
B C | |
12 - ® Negative control msiRNA
¥
g 24 <
3 =z
Q
= 1 @
& IS
2 . . . [}
.’E Arrhythmic siRev-erbAa siDbp >
0 =
2 siBmall siClock siE4bp4 %
P 1 siCryl o
D-‘ *
5 siBmall siClock siCryl siRev-erbAa siDbp siE4bp4

Figure 11. Effect of the siRNA knockdown of clock and clock-controlled genes on the cell
autonomous circadian transcription of mPer2.

(A) After siRNA and mPer2-dLuc were co-transfected in rat-1 cells, bioluminescence was
measured with photomultiplier tube detector assemblies. The red and green lines represent 50
nM of the negative control and target SiRNA, respectively. The time shown is after dbcAMP
stimulation. (B) Period length differences for cells transfected with siRNA as compared to cells
transfected with negative control siRNA. All results are representative of three independent
experiments, and the mean = SE is indicated. *P<0.05. (C) At 24 h post-transfection, the
reduction of target mMRNA levels by their corresponding siRNAs in rat-1 cells was confirmed by
Q-PCR. Values are relative to that of negative control transfected cells.
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Figure 12. DBP and E4BP4 knockdown was confirmed by western blotting.

Rat-1 cells were transfected with Control SiRNA or specific sSiRNA for DBP and E4BP4.
Flag-tagged DBP or E4BP4 was co-transfected 24 h later. At 48 h after SiRNA transfection, the
DBP (left panel) or E4BP4 (right panel) protein level was determined by Western blotting using
anti-Flag antibody.
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Figure 13. Exogenously transfected transgenes (DBP and E4BP4 protein) are functional in
conventional reporter assay.

Transcriptional activation by DBP and transcriptional repression by E4ABP4 of an SV40-driven
destabilized luciferase (dLuc) reporter containing three tandem repeats of either the wild-type
D-box (TTATGTAA) or the mutated D-box (CACCCGGC) and flanking sequences. Presence
(+) or absence (-) of expression plasmid is denoted. Each value is the mean + SEM of three
replicates for a single assay.
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Figure 14. Effect of overexpression of DBP and E4BP4 on the cell autonomous circadian
transcription of mPer2.

(A) After the introduction of the mPer2-dLuc reporter construct and the various cDNA
expression vectors into the rat-1 cells, bioluminescence was measured with photomultiplier tube
detector assemblies. The red, green, blue, and sky-blue lines represent 0 pg, 0.1 pg, 0.3 pg, and
1 pg of transfected cDNA, respectively. The time shown is after dbcAMP stimulation. (B)
Period length differences for cells transfected with varying concentrations of the expression
vectors as compared to cells expressing a control vector. All results are representative of three
independent experiments, and the mean £SE is indicated. *P<0.05.
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Figure 15. Effect of overexpression of DBP and E4BP4 on the cell autonomous circadian
transcription of mPerl.

(A) After the introduction of the mPerl-dLuc reporter construct and the various cDNA
expression vectors into the rat-1 cells, bioluminescence was measured with photomultiplier tube
detector assemblies. The red, green, blue, and sky-blue lines represent 0 pug, 0.1 pg, 0.3 pg, and
1 pg of transfected cDNA, respectively. The time shown is after dbcAMP stimulation. (B)
Period length differences for cells transfected with varying concentrations of the expression
vectors as compared to cells expressing a control vector. All results are representative of three
independent experiments, and the mean £SE is indicated. *P<0.05.
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Figure 16. The E’-box SV40-dLuc displayed circadian oscillation, and DBP overexpression
caused a longer period.

We performed cDNA overexpression studies of DBP genes with a real-time
luciferase-monitoring assay using the E’-box region-SV40 driven luciferase reporter. This
promoter construct did not contain the D-box elements. The time shown is after dbcAMP
stimulation. The red and sky-blue lines represent 0 pug and 1 ug of transfected cDNA,
respectively.
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Figure 17. The D-box mutant of mPer2 promoter-driven bioluminescence displayed circadian
rhythms, and DBP overexpression caused a longer period.

We performed cDNA overexpression studies of DBP genes with a real-time
luciferase-monitoring assay using the D-box mutant of mPer2 promoter driven luciferase
reporter. The D-box sequences were as follows: TTATGTAA (wild-type), CACCCGGC
(mutant). The time shown is after dbcAMP stimulation. The red and sky-blue lines represent 0

ug and 1 ug of transfected cDNA, respectively.
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BE

LD RS (T, BB H DD T, T8 X LD RBE AL B R IREMAK
DREBZERRT HEFIRSLGN, SEDEEMBTHEONEREREZ, ChETICHRES
NTEEGFREDYOITH X LEZBIRELERRE LR L=, Bmall /vI7 k<
DRIE REEDLZKRETEE LB E L. 1781 X LAVEKT H[Bunger, 2000], DBP /
VIT IR VATI, 178 X LORE RN RS [Lopez-Molina, 1997], Ch b DIEIRF
[2DLTIE, SEEEMRTRONRBRE—HLT-,

LHL. 2TOEEGEFITBVWTRBEREA—HL b1+ TIE G oF=, Clock /o7 b7
AT, TN X LAEK T BT ALV DeBruyne, 2006], Clock IZDUZT &, #BFELEE
FTHS Npas2 BNEFEET B0, BRD /v 7 7T TR X LIZEEATRNGNES
L TL=[DeBruyne, 2007], AZRERIZFHULNTIE, Clock /w97 IRZ&Y  UXLAEKT S
RI|WE LA o1=, Npas2 (FHTANFFEMICHIRT S Clock DMERLERFELTRESN=#ZE
H¥é S [Dudley, 2003], 5 EI ALz Rat-1 M8 TIE NPAS2 D HIREHAVEL MHE AW &
ZHEEEL TLV5 (data not shown) , CD7T=8 . RAEHRMICEH LV TIEL, NPAS2 DFEIRE A DR
1z . Clock MBI /I T IMZ&>T WA LEKEVWSEIMGERBEAEN-DILELEEX
bND, Cryl /YO T IR I RIZDNTIE, ITEI X LIFHEIFIN DD 253t L Tlvan der
Horst, 1999], AEERTIF, Y X LDRBAKREETL TV = COXIHEENE, FIEER
HTIE, MBIRSBZHRT -OICRELGEAERNRLHAREN. HAOVITHIREEN
KEFEZRASEDEVIBEBEDHEALZELTIDEEZALOND, 4E. EABP4A DiE
EFREEYDHME FEL AT E4BPA HEFIRDREICESTHIEERLEDD
TOHRETH D,

ENTIH, EOKSIZLT, # 24 KLV RUVEAAEYHSN DD THIH, Per EIE
FITHRRSNDFEHEEFIE. B BFOEEEMHT D0 To—F/\wI#EN @
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TW%, BEESNAVNOERNTCITHIFZEMNTTLES & RASIFAEEShGL, Th
[CIEDEEL 2 DD EELGBEMBATET HEEAOND, — DX . hEAVFF—H e
[2&DPERZU/IVEDUBRIEEENITEIEHTNTEZS PER AV NVBEDRRETHS
[Lowrey, 2000], 7445, HERBMEETELLEE PER VNNV B IXRBNERE LE>T
ERET. EEOSNIRBITHES TS EZEAONS )~ DDEEEBTEETHS
DI, BEESNT=ZN\VEDOHRENSBRANDBITAN=ALTH S, PERFV/INVEE
CRY 3V IV BE LD ZER DAL KIBITEIV N VBEDRE LT R ET H[Kume, 1999],
CD=BH.PER AVNIVEDHTIFGEL MDA FL TR ERRTHEITEOTEIPL &
NTESBEOERELIIHTHIENTEDLIITHS,

DBP (& Per2 MExE % &ML T 5D T, DBP ZBFIFKIRIE 5L PER2 AU NV (T BRCE
B BILITRBERDND, T5THE. 24 RS A VILHERT 23T THHH, RER#E
RITZDH T, DBP DBEHHRTAHITIERL . COBRE. FIBREROFEZARREL
TWLV%, E4BP4 22/ EHY, PER2 AN CRY2 LAV NIHEEERT 2HBENHD
[Ohno, 2007b], CDt=& . AN EERAZ N L1=. PER2 DEIBITAAZIU T EREEL TLY
KCEMRDT VL avTIUNT3HEEZEZBNSD, D KT, D-box HIFEEF A, B IRE
AOMBBRICEVN T EHOBFETHEELTWS LB b5,

Sl AT PER AU N\VBE D) UBRL O ERZIRE &9 5. BEARABRTHEE IR B[ Toh,
2001] [Xu, 2005] % HERR 481 1B fE 1% B¥ [Ebisawa, 2001]DIRE ML SN TEl-, EED X SR
Y. EMZEITS D-box HIEHAFDEEFLEOMEITEN, SEIOHRIX. AERDRE
(28175 D-box HIHEFDEEMZRLIZLDOTHY . & BIREFZ(ILOHETHERC
BITHEEEEEOBERAICENLILEFHFLTLS,
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FZF AR UIZEL DR O RIFH

&

HELBOERNRE T ERGHEREIL. KK ZHET 2RAERFORETHSD.
FITBRARF=LS1, Rat-1 HEICHREMBFEZNES S, Perl XU Per2 DY HOMNHE
WFEMNRY, AL THRENEGFAB A DOEGFRRERT CENRES
fLTL S [Balsalobre, 1998], CD# . SESFLEFIZAVTIEEMEOUX LESIEEIT
ST IVARNRORAEINGINT -, IBEMBE T, MERIBERIC Perl, Per2 iz FHR
HFEIN. TO0OL BIBOEBGFRENEOHONS, COIRR(T SCN [TEWNTHRE
FZRICHADNDBRRICEBTEY., “RTHE L THE, Perl, Per2 BIGFMNEMFES
fL5[Shigeyoshi, 1997] [Zylka, 1998], —D &G, EHEMRICE ITHMFFRBIZIE SCN I
BITEHRIZED) YR ERCLIGHEBENBLITVSEEZONS, TN, MEICEEND
BRZEBMTAHIET ERANTORRARFEZRETESDTIEGELMNEEZON ., FHH
IR A DGEENT=,

RHEHEBOMA VX LEFIHT DR ERFLLTRLEBFENEATLSEDELT, BIF
RERILELTHASY ILaATLFaA/ 1 EH S[Balsalobre, 2000], &Y ILALFIAART
% Dex [FMERIBMERFRIC Rat-1 fil# F RO R THRHEIHEGFOIALRREZFETE
HIEMNFERAEINT=, F L2 FaAAF O M REICTBABRGHEA) X LAHY ., TDVX
Li[E SCN [Z&> THEICHIEIN TV A IENHMSN TL -, BN Dex £ 5L TH5
ERMIEIRDUVX LIS TRz, SHIZ, F AN FAMRZRAR OIS EN /I T
PR ORERAVTRKRDOZESEREITIE. FROBIR X LA TGN, CDZ
EMS T LN FAMRBNERATIXLDRARFELTHES S LM RSN,

LAOLAEAS, T3 FAMFZBARORFREEN/vY 72~ X[Balsalobre, 2000]
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PEIBENEMIZBREL=5YMLe, 200128 N TEFEOH B X LIZEHL T HFS
NBHIEMS, LA FAIRUNORFARFNFEL TSI EATEREN TV, 15
EMHEFMARICENT, TOTa42FF—+ AlYagita, 2000]. MAPK h R4 —R[Akashi,
2000]bRIFAZEBIFRIT T FILELTEIKSEN D > TEF, F-. MERNEHAZIZHL
TIE.TooHATUIU N OREIZE>THEIHEGFOB B O FKITE A R H L T-[Nonaka,
2001], Lf=A> T, RIEMHEBOBA X LIZE—DRFARFICE>THREINTLEDTIE
B BEENEEDREEEZOND, RIEHEBICAELTIER 2 DB CHBBENICRRE
BIERITIITILEFENRITTVSIELEALND,

BATHEDI IR B7ICEITEE 5 A HHEECYIRY & G E DREBEBDORETHE
EFORB/NF—UNHELIABICAED I EANHLN TLV S[Damiola, 2000], D&, B, 1L
Mg, e E OREEB O EEFORB/ -2, “BRICFEITEEZ 52 51GEEZE<Y
RLTHASELICHEET HFETICLEMEET S0 ROV X LT3 BREETHELET S[Le,
2001], CDZ&IF. REEBOBMB ) X LEFIHT IEF O CERFEICHFEMIC/ERT
5. HANIHRICRZENBVLDOLFET D ELETERLTND, BERICE>TEET
HRIVEVREDBRERFNAREEFFZRFASE VAN EZ LT, ECT.RET
(ZFFHAREOBR) X LDRRZSIZETHAFELT, BREBICEAMBEO LFITHELTH
HENDIVR) U EBELT,

AR UNZK B ERET I T AREAEAIXCNETRIESN TIGEA of=, TDEH
ELT BBV X LDOHMEIZECALSNS Rat-1 F DM SF M XA MaZIXLHLET HA
DR DRI T, AR VIR T HEEEMENCENEFON D, TDT=8
AHARICEVTIIFHREZANT. 1RV ORARFELTORRESEZRIELT -, &
MEOAELT  AVRYVERZSE-HERFEIVNERWNT, BIMEERTHLAO R MR
st DRFAEF THAHAZEZFEALT =,
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FaR

AR VIS BICE N TR ERFOMBAEREZFEEITS

(FCOHIZ. Ty EFHERafEH KM TH D HAIE HIlRZRALT, 1V RV ORFARFE
LTORIREMZREIL = 1V R0 % 2 BRNEL TREHEGFDOREBRZAE LT, 50nM
DA AR IE, Perl, Per2 &1V Decl MEGFHRRFZZMHFESE - (Fig. 18A), hb
DFEEFIE.SCN [CEVTHEBEHRZRICKEFZEINDZEHNH SN TLYS[Shigeyoshi,
1997] [Zylka, 1998] [Honma, 2002], Rat-1 #HAE TIL. 50nM DA > X1 IZ&>T Perl & Per2
DEBEEFRIBFE(TFE S A o= (Fig. 18A), Decl (L, Rat-1 #IAEIZEHLTE H4AIIE #Ra
KYFBLEED, AV RYUIZ&H>THRBAZFESINT=(Fig. 18A) . Rat-1 L HAIIEMRBIZH T 51>
A DERAREZ Decl DRBFEFIEIZICLTHLE LTz, HAIIE RBIZHELTIE. 120X
1J21& 1InM T Decl DEGEFHRIEZZFELT- (Fig. 18B), —7A. Rat-1 #if@ TIX. Decl D&
EFRBEEZFETIODIC. AR (E500M HETH 1= (Fig. 18B) o 1 AU IZ&BRR
RI/—ILEIEVEAILRFL FFH—E OEEFREMHERE. SvFETRDLN
LEZTHAHN., CnEEEFHBTERYT AOICE. 500M DAVRYVRENBET
BHHEXTEBLDT IIL—TFIEEFHELTLVS[Yoshida, 1996], CNFETERBEETDETILER
ELTRAASNTE: Rat-l HfaTIH. AV RV DREZHENTEL AV RV OREAERFEL
TOBELRITHICIEEL TLVAEWERETH 12EWVR 5, COBREDBEANLEBRO—
DELT, MR EMLRARFOFEDAREENAZEZ LIS,

KRB FORBFEINDGV T FIVERTET 518, MAPK DEEHITHS PDIB059
& PIBK FREHITHS LY294002 ZRILELTAU RV DORBAFEBEA~NDEZELRETL
1z, PD98059 JLIRIZ k- T, Perl M HIFFEMNHEF SN 1= (Fig. 18C) ., Ff=. LY294002 M1
TPer2 DHEBFEHAESINTI=(Fig. 18C) . COFERM S, 1R IZ&B Perl DHFKBFE

E(Z[E MAPK A, Per2 MFIRFEIZ(L PIK ABH-TULNB I EMNRENT=,
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AR, FFEOREHEGFOBEMRRZFET S0 ERETLI-, HAIE g
AR % | BRERIBLz . AL/ R UERWT, BFEHEGFORBENARIRE
BERELIz. 1R % 1 BFFHEILIET 5 Per2 B FHREIL 3 FHEZRFETLERL. TD
®IF12EM%RE A, 4 KE%EE—V LTS X L% RL- (Fig. 18D) , DBP Bz FHE
FAVR)NEMS 9 BFFEEZEAMBEL. 21 BEZEE—VET S X LERLI (Fig.
18D) , DBP M AIfEAY Per2 MAIFELY 5e179 AR RIIAFEICHE L THERHON TUVSH[Ueda,
2005], RIFARFELTEIKAFIE., —RMICUIBT IFMITICEYZDERNELSLIEN
DMOTNVD, COTEEMERISHIEARENT=ELD, HAIE HIRZF AV R UK > T
FHEGTFOMBURBELNFESNDGION. VA LOFRRERME T EC. SHEREER
T BICFTHEMEATEGEN o=, ECT. REOHRBOMERBRZESHMHEITHL
NTEEIVMIRIEEFEIREZAOT. 1V RV ORFRFELTOERZERIILT-,

R DBFET S, 3 RTEHE T HLITLY L v—L L TR HSIND

MREBEFMEREVZEL BEREDONS | BaS—4S AV -EBIEETIIRR
(ZRFHRER £S5 (B9 189 5) . — A . EHS(Engelbreth-Holm-Swarm sarcoma) EHED < k)
DAL TEETLHLE, FFHMEOMEASHIFINEI LA DM -TLVS[Oda, 2008], Li=A
ST AEEAL, VALMFLMROSLIRELEOBRERFTELBN-FERTHD
EWRD, FHZEEELTHSIEE 84 BEIERFET. HihEGETORRLERMITRIEL
fzo FFEHEGRFO R TIE, IRIBAFZLRENESN TS DBP &) X LDIERERITERL =, |
BaS5—472 LOR#ETIE. DBP mRNA OV X LIXEFICIRIEA/NEGY 4 BEIZIE
ELANILTIEZFIVXLAEKTBHENDMoT=(Fig. 19B), —7A. EHS-gel LDRFHIET
(& DBP mRNA M) X LlEA71<E4 4 BRE#FSN TLV=(Fig. 19B)

EHS-gel DX EBB KA ELTIVEIOS—SU0IIZUMN BN TLS[Kleinman, 1986],
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INEOMAH, MDY X LHRFICEEERIFTNERHL IV EIZ—SU 532
> CiTiElaEEE T 5L, 155 3 HE® DBP mRNA QYR AIFELANLTIRIFHELL.
Perl. Per2 mRNA DX LIEELARILTIEIXEXRLT=(Fig. 20A) , Z1IZxtL T, EHS-gel
O TIECOEERMICHLTIEL DBP. Perl £&U Per2 mRNA 0OV X L (& fEiFL
TUL = (Fig. 20A) . CNODHER L, EHS-gel [Z&DY) X LI EHS-gel DT BB RS
DEMERICEDLDTIEENILERLTLS,

CNFETHWTE EHS-gel LOMARILREY &o-MiaLEICELTEREL TLV:=(Fig.
19A), MR T OMEMEEERAZRST BT, laZELTROSETEELZ. ZTD
R 1D 1 DOMBEMNIRFEIMTHEET S22z (Fig. 19A) . ZD KSR R O BT
BN TH, BB EEELRIZ DBP mRNA O X AlT#ESh - (Fig. 19C), FFHa
DEEIFIYXLFERICELT, MEMEEERAOZEEDGENEER LN,

BN TR YO REEILSE 0. FRICECSIRVBEALHLEILEL TR EL D
B, | BaS—F2 IV EIAZ—HFUBLUSI= L THRELFHRIE. REGEBIZEY.,
EHS-gel L TIEB LML LA EEETRLT=(Fig. 19A), Ingber 5D JL—T (X &I
MR R AR EIF BRI DLV THREL . MR EEER OFYETNEEECRY, RiFh T
KIZ72%) CRFHEREDN I AEBA D BERIC 8 B Z &% R E L T=[Singhvi, 1994], EELDEARY L
— LR IR A T RA S BB Lo B T RE L AN LA LV HIRRIZ EHEEN S L
ZEERHBLT[Oda, 2001], ZCTld. EHS-gel ERICKHARARLREZBRIZIC TEBRYRAFL Y
FEIKTHD PVLA (poly-N-p-vinylvenzyl-D-lactonamide) £ THF#la % %2 L [Kobayashi,
1994]. MERAD R EEL Y X LI & DBEEREILT=, PVLA EORFMRITHRECH o1&
[Z. EHS-gel L TRoNDKIGAVHRIER BEZ RLT= (Fig. 19A), PVLA L THEELI-FFH
f2TIZ. DBP mRNA M) X AlF EHS-gel L TIEEL-FFHia L LE R D ERIB T /NS H 0TS,
| BIa5—47"> ETHEELFHR LR D ERBARE X LEHRFLTLV=(Fig. 19D),

Perl mRNA [ZBLTIE. PVLA & EHS-gel L THEBEL-FFHE T, KELE (XL ES
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1= (Fig. 20B) , CNHDEFER (. AN < ) YO XDIELEIZEH ST, MR EEM 3 KT
MEEL RS, FFHBEOUXLIIFSNEZEERLTNS,

AV R) VISR D FFET D EIFAEF THD

SYMINREBERFMREE | 25— Y LOEBETIE. URLEZRRITESIN, RIS L
EFRAVTEERETLE VALNARELTHBESN S LA R, ibLiz@BY ., EHITLKR—
A—BEFELT. ZSRBEORERRIILILL D25—EERALNSIET. in vitro TYTIL
A LICBBIRBZEATE T 2RBRREEEL TS, STl Per2 Bz FFOE—4—IC
SRBREDINL IS —EEBALIZNS VRO I =Y IS YREERLT-[He, 2007], DY
rAVSRFMIRaESARL , MM 3 RITHBELRIFT HLSIT, EHS-gel LTHEL =, CD
BEEFERFENE. BRILEST-BRERBEETE, AR VIZK DM R GBI RZ REE
TRICIIREBNFHETHS, GH. BIME-BHRILEDEHTEEEZTOTLSMN, 7R
URAVINVEDRBLANIEERELT. FEROEBEROLANLEHIFLTINDILE
FEEAL T 3[0da, 2005], COEERRTYT LA LIZFFMEREORHEHET 5 EICHY
L7=(Fig. 21) CNFETRFARFELTHION TS Dex DAUMEIZKH>T, LHEITIEIE
EISNDHIELHER TE (Fig. 21),

SESFLEBZNCAR) UZ—BEIC 2 BEQELT, ZORDIVXLNMBIZEZHF
BERELIz, CCTIE AN BRBELZ L85%IZE TO EEHRLT=. TORR. AV RV
WTFNhOBERIFICEWNTH, RO LGEES ILSEH2EMN Moz (Fig. 22A),
TO. T4 DAL R ABTIXRIAEABIEEL ., T8, T12, T16, T20 DB TIXRIFEA IR LTZ
(Fig. 22A) , D&Y, MBS BER 1% RLT=(Fig. 22B), Vb LT HEZEE T DRI
FZITRIRT HE ARV VI OUNETIEFEEZRIESE LM, "R OLEBFZLES

BAHIENT Mol T oOEBTRH R DEBRICAVRNHSEIEND AV RYVIF
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AEMICIEMEEEELSESAMTHULTWSEEZA DN, COKIGA VR UIZLSHAIHE
L IMMERAY. PD98059 $H 5N LY294002 DAL (Z K> THEEEMNT=(Fig. 23), CDZ&IF
AR UH MAPK & PIBK R THHIBDY X LMEES ThSEEHIEERELTINS,

LUEDHRENS ARV IFFERROBEIZHL T, ARG HRE RT &57%. R
EFThdEHEMLT=

AVR)VERZSE-MERFIVETE ., FERETOMELNEET S

EROEERICENT, AV RYUD OB IS5 X DM EE RN T 5012, B
BOSUT LNV AR BISRIRMGEEEF DAL TR MU ESYMNIRET LTS

DR D EEEINT | RERB I VIR, T IILO—XREE, EES VM
R ERBHOSYNTEL(EWMEERL. BRENREL TSI LEMHE LT (Fig.
23), FEMBREOMFFOILRATA—IL, MJTESAR UV IBEDRELFAE L4
R.ZOVThEERROSVFTEWMEERL. BRFBFHICERONIEERBORENE
ETWBHIENHER TET=(Fig. 24),

WERREREL-SVFDORBICE T 5 EEFREOMB X LE 4 BEETREL .
ZTOHRE.FHEGFEADOVXLAAEL 4 BETE. FIEL TSI LA h 1= (Fig.
25A) . B T% Decl, Dec2 DELFRIRIIFHRILTEILERLT=(Fig. 25A) , Decl (&, IEE
FybTHLNTZ R OEEFICEL "B ORFETIZIEL &L 5= MRNA D) X LHVHERR
/YR TIEAELRIL TR N TL = (Fig. 25A) , *TEBAIIZ, Dec2 mRNA £ (. #ERESY
FCIE B ORERICELLEF LT (Fig. 25A), Decl KO ¥ RIZHWLTIL, K{EM
[ZDec2 DHEIFLANILMNTTHET B ED D> TLVSH[Grechez-Cassiau, 2004], 512, HREL
NJLTD Decl DRABIF. E-box IZKDEFEHEHEZ (THRTERFDOMBERDHDHENS
&5 H dH H[Nakashima, 2008], RED EEET. Decl NAU R DRERZMHEDF UV EFEHES

FTHAHAZEFEZEL TS (Fig. 18A, B) o DT EMND, AV AUV RZIZEDT, Decl
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DIVALFEBMELRILTHKL, FFERE OMARTEAS ISR Sh=EEZ 55,
LUEDHERIS, ARV UARZLESYEDOIFETIE, BT OEENEI - TIVSIE

biﬁtéhf:o

BMERICEVNTHAO RV SRFER ST ORBFHEAFELTERYT S

HERBROIFETIE, VX LMEIFIET SN DM >T=h. DM OHREICHEFEHE
EFOVIXLEENELDDTHAIN EETVYNBERFIVIDOEREE 3 HHEEITE
STRIELIECA IR ERITENMERITEIOM B X LA RSN HERBEFIC
BOTHERBTHOUYXLIZELIEN LMD oT=(Fig. 25B), COIEM D, FERFE
DHIREFEHIERE THACENTREENT,

LN D REEFET N DR EEIRIIT BT, BRBEZ VO, ik, HiEE K URER
HRE<EB 115 Per2 DRBEBZREL =, MBBORIIL, ZT4 £ ZT16 [CEfELT=. ZT &IF.
Zeitgeber time MBS T, A DRZIFHRDHAHIRIE T TOREERT  ZT0O THRATL. ZT12
THLTT 5. EETYFDORFRICE N TIE, BEHERTF Per2 (X, “B7H (ZT4) [TEL “&”
E(ZT16) ICEWRIRY X L& RLT=(Fig. 26), fifi. . FIENE S UREHHEBICE N TH.
Per2 DEBREIFBR"“R"TEET )X LERLI=(Fig. 26), #ERFEZVDIfEMIZEH 1+
% Per2 DFEME(FEFETYMELELTEL LA 1= (Fig. 26) . HERIF T O FHiE S AERA
HBCHOTIE, Per2 [T R OHEBTEMNELY  HRTIXHFICHKFEENTLRLHENSE
BEHRDHONTZ(Fig. 26) o RIZ. AV RAY (kD Per2 DRMRBRFEMERALE. ERFESVH
ZRAVTREEL =, BRBEIYMIA R VTS 2 BERICEMEBIZHEHLT, EEF
RECAELI=. TR, AV R)UIF, FHE. RS IVIEHERBIZHE T, Per2 D&M
RIFEESIER L= (Fig. 26), LHL. fifi. lIZEWTIE, COXIGHERIFROONE

Mmo1=(Fig. 26) .
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UEDRERNG AR U RZICEDWERARICIL, AR BRZ AR (AT, N
BLUVEER IZBWT. BFETOEENEILIEN DI ofz, IMEBRIIZAR) D DREZ N
fEUNVRE (BfiL i) DBFETHEEE THAZELRENT=,

AR S DR OMENEZ B ERE L= KEH OB DAV %
B (ISt DAIABZ RO FBEI R DAV R E B IFAEERIBEE 1= (Fig. 27),
PEFR IR D AR EF 5T (LA EARTEL TLADY, FEHAD AR UEEL VX LDOMHEEE
BAESELN, “‘BR7ITEF I AHEOLAHERICLELIEN Mo,

LI EDFERMNS. BMERIZE DN TEAE RIS REN . 1O R U T DR
FARFTHASIEMNEEHASNT =,
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Figure 18. Insulin acts as an acute entrainment signal in the cell-autonomous hepatic clock.

(A) Relative Perl, Per2, and Decl mRNA levels were determined by RT-PCR following
addition of 50 nM insulin to the H4IIE and Rat-1 cell culture medium for 2 h. Each value was
normalized to Gapdh. *p < 0.05 versus PBS-treated cells (Student's t-test). (B) Dose-dependent
induction of Decl mRNA following 2-h insulin treatment of H4IIE and Rat-1 cells as
determined by real-time RT-PCR. Each value was normalized to Gapdh. *p < 0.05 versus
PBS-treated cells (Dunnett's test). (C) Relative Perl and Per2 mRNA levels were determined by
northern blotting in H4IIE cells for 30 min with inhibitors of proteins mediating the insulin
signaling pathway (LY294002 and PD98059), followed by a 1-h treatment with 50 nM insulin.
ApoE mRNA was used as an internal control. *p < 0 .05 versus PBS- or insulin-treated cells
(Student's t-test). (D) Temporal mMRNA expression levels of Per2 and Dbp were determined by
northern blotting following a shift of H4IIE cells to medium containing 50 nM insulin for 1 h at
T 0, washing with PBS, and incubation in serum-free medium. Three time independent
experiments were performed.
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Figure 19. Spatial configuration of hepatocytes controls circadian time of the cells.

(A) Hepatocytes were cultured on dishes coated with TIC, TIVC, laminin, and PVLA at a high
density (1 x 107 cells/dish). Hepatocytes were also cultured on dishes coated with EHS gel at
both high and low densities (2.5 x 10° cells/dish). The morphological appearance of cultured
hepatocytes at 48 h is shown. The scale bar indicates 100 um. (B) Hepatocytes were plated on
TIC- and EHS gel-coated dishes at a high density. Northern blotting was used to determine the
Dbp mRNA level. The open and solid bars indicate light and dark conditions where the animals
were kept before the preparation of hepatocytes. (C) Hepatocytes were cultured on an EHS
gel-coated dish at high and low densities. Northern blotting was used to determine the Dbp
MRNA level in rat primary hepatocytes cultured on EHS gel at high and low densities. (D)
Hepatocytes were cultured on dishes coated with TIC, PVLA, and EHS gel at a high density.
Northern blotting was used to determine the Dbp mRNA level.

56



Dbp

Perl

e

Per2 %WW{ W Wm

TIVC Laminin EHS-gel

TIC PVLA EHS-gel

Figure 20. The effects of extracelluar matrix and cell shape on circadian gene expression in rat
primary hepatoxytes.

(A) Hepatocytes were cultured for 48 h (1400) and 56 h (2200) on dishes coated with TIC,
TIVC, laminin, and EHS-gel at a high density. Northern blotting was used to determine the Dbp,
Perl, Per2, and Apo E mRNA levels. (B) Hepatocytes were cultured for 48 h (1400) and 56 h
(2200) on dished coated with TIC, PVLA, and EHS-gel at a high density. Northern blotting was
used to determine the Dbp, Perl, and Apo E mRNA levels.
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Figure 21. Phase shift induced by dexamethasone in rat primary hepatocytes.

Hepatocytes derived from Per2-dLuc transgenic rats were isolated and plated on an EHS-gel
coated dish in serum- and hormone-free medium. At the indicated circadian time, hepatocytes
were treated for 2 h with 100 nM dexamethasone (red curves) or with vehicle (black curves) and
bioluminescence levels measured. Dotted and black lines indicate peaks after vehicle and

dexamethasone treatment, respectively.
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Figure 22. Insulin directly regulates the phase entrainment of hepatocyte circadian oscillators
throughout the 24-h day.

(A) Hepatocytes derived from Per2-dLuc transgenic rats were isolated and plated onto an EHS
gel-coated dish in serum- and hormone-free medium. At the indicated circadian time,
hepatocytes were treated for 2 h with 50 nM insulin (blue curves), or with vehicle (black curves),
and bioluminescence levels were measured. Black and dotted lines indicate peaks after insulin
and vehicle treatment, respectively. (B) The phase response curve associated with insulin
treatment at each circadian time point (TO, T4, T8, T12, T16, and T20). *p < 0 .05 versus
vehicle -treated cells (Student's t-test). Three time independent experiments were performed.
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Figure 23. Effects of kinase inhibitors on insulin induced resetting of the rhythm in rat primary
hepatocytes.

Hepatocytes derived from Per2-dLuc transgenic rats were isolated and plated on an EHS-gel
coated dish in serum- and hormone-free medium. At the indicated circadian time, hepatocytes
were treated for 2 h with 50 nM insulin or with vehicle or insulin + kinase inhibitor and

bioluminescence levels measured.
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Figure 24.Circadian profiles of serum glucose, total cholesterol, triglyceride, and phospholipids.
Values and bars represent means + SEMs of 3-4 control (open circles) or STZ (filled circles) rats.
Open and solid horizontal bars indicate light and dark periods, respectively.
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Figure 25. STZ-induced diabetic rats have a pronounced phase advance in their hepatic clock.

(A) Hepatic circadian gene expression profiles in STZ-induced diabetic rats. Livers were

harvested every 4 h from control and STZ-induced rats. Transcripts of clock-related genes in the

liver were analyzed using real-time PCR after normalization to s-actin expression levels. Values

and bars represent mean + SEM of 3-4 control (open circles) or STZ (filled circles) rats. Open

and solid horizontal bars indicate light and dark periods, respectively. (B) Food intake of control

(left panel) and STZ (right panel) rats was measured at 3-h intervals.
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Figure 26. Diabetic mellitus is a disorder with disintegrated body clocks occurring through the
lack of insulin sensitivity.

The liver, muscle, adipose tissue, brain, and lung were harvested at ZT4: 16 each from control
and STZ-induced rats. STZ-induced rats were injected with insulin (50 U-mg™-kg™) and killed 2
h after the injection for measurement of MRNA levels. Per2 mRNA levels were determined by
RT-PCR. Values and bars represent mean £ SEM of 6 control or STZ-induced rats.
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Figure 27. A single administration of insulin induces phase-dependent bi-directional phase shifts
in diabetic rat livers.

(A) Temporal Dbp mRNA expression levels were determined by northern blot analysis of the
livers from control or STZ-induced rats harvested over a 24-h period. Rats were maintained
under light-dark conditions and injected intraperitoneally at the indicated times with insulin (50
U-mg™-kg™) dissolved in PBS or in PBS alone. Values represent mean + SEM of 2-3 PBS-
(open circles) or insulin-administered (filled circles) rats. (B) The phase response curve of
circadian liver gene expression was obtained by recording the circadian Dbp and Perl mRNA
after injecting insulin into STZ-induced rats at the indicated times.
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AETIE., FFEOM A X LEGIHYT HRERFE. BEFHAE AV BTICEYIE
BT, BEFMBEEAVNSILICEY . BIMERTEZ G TNIEESE 2 RGEZELTHE
BRL. FFERRSE B DG BEE R TE5LE X 1z, M TIEA2 R &5 Perl, Per2 @
BIEFREFENECSDISHLT, M FHETIEIOLIGERFRESN G o1,
Perl D—BMERBMN, XBHFICEDTHIXLD)EYMIBETHIZEMNRINTINS,
HEHE X DAD SCN IZ Perl DT F LU AA)ITXILAFREBALTHLE, LRI
[2&BTVRADITEN) X LD YA EEENH[AKiyama, 1999], SCN [CHLVTHEESHE
[Z Perl, Per2 B FARMFEINLSIRRE., FHIEICE T 51RO ERAMN KT
WAIEMND, 1R U D RIFEFEL TR AT REMEZRRE T 53D TH 1=,
ZORIZENTIE, LRIBIZEKY Edbpd BZFMNEMEFEE SN, Per2 AHNHIL THE B BeEt
DEZIEHEEZTHIENMSN TLVS[Hatori, 2011], ZDEF, SREBP1 AR FRDRTFK
U EZ T TRBITL., ZMIERFTHS Edbps DEEIMEESND, FFHRRICE T 51
AV URIBTIE, EREHEGTFORMERZRARTLSD, Edbpd B FRBEOEEELFR
&AL TLVELY (data not shown) , ZT R &lE, B EFEIN ORI EGFEANEL ST
W57=8 . FEt DUV MEBMNRL DI D ER DD,

KBERHIADDLEEFL. FEHEGFORBRICEELRITTIEAREICHSHIC
o TEf, ez X, IBIAEE DR HIZRBE4> 5 PPARG X BFEHEEF Rev-erba & & Uf Bmall
DTOE—F—EEICHEETHILET. TNoDFKBEFAEL TL S [Canaple, 2006], E£i=.
PPARo B+ E-box #41L T CLOCK/BMAL1 (2 &5 F IR ET% = 1 5[Oishi, 2005], 5[,
fe R D 2 EIZEE L PPARY £ PPAR0 ERI#kIZ Rev-erba ) F I8 &% 175 [Fontaine,
2003],

RFFRAHMICHDDOLELTFH. BEHEGFICLSHBERMEZ T, F-BITHTHELRT
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ZHRIET HENIT L. RBRAMICELNELDHE ERUXLICEENEEZLHARERE R
BLTLVS, ERE, EBETILEYTIE. RAEEBORIHELTORRY X LORIEAE
Y IFBIENF DN TLVS[Kudo, 2004] [Ando, 2005] [Kohsaka, 2007], X HEE M FLA
LTEDESITLT, R FEEHICHEE S 2 5N ERMBBEDTET. LT, RAEBFEHEHIE
I HRFRF TN >TULVEMN Tz, BEETILEMICHE LT, REHEBOREHERTFD
HB) X LOIRBHIBDTIHREDHDICLEOLTAUR) VA RARFTHAHET DR
HFahot=, ZDEAE. FHEO LG R) U FERKHIIEEZALT. FARFOFEER
PITONGEN DD TH D, ERF. REFFETOET IV RELTAASN TEI MMM SR
Tl ARV EEFARFELTOHREEF-EM o=,

ARETIE. SYMIRFMREOEES FEREFL. RO, 3 RTEET S
LITEY o v— L L TR SN S CEEZ R B L= I a5 —7 U L DBETIER S EAE
H NXLERDEI o1z, — il A—D T HiffixERTENL, @< 0D X L
HEMN VA LBRRRAMHIETEEER LIS, HAHWN L. REOETESEREHRBOR
SHEEFORB/\4—2% W IILCE> T, MMESEEDHIEE. UXLMHRED
BEMEMSREETESNELNGL, MBEN TNV IRADEGEERFEFIET HAD=XLEL
T HBEBETHITIVFUT1IAV D HNFA DEGEFREEFIHT HEOHRENH D
[Kimata, 2006], FLUEF—T3fER TIEH LM, TOFU T4S AV FRBRIT(SAVER
UM/NE DEEERIIL. /NSNS AROBTOMBICEETHHILERERL TS,
T P EIEFIAE—F—ICHRBHEDIL S TS5 —EEE ALV A=)
SYREEREL. COSYM SR ATHIIE 3 RTMBELRIFTHLSICERSE . L
R—E—FRE)TILAA LTHREL-, TORR. 1V RN, FHifan) X LDOGHEE
BESELIEN D h 0T,

LD EELARF. CWETHRBEBZRIHYETVICTE N T, RERTOMMEICE
ENRBISTLAINENMERINTVEN>1CETH D, SIEHBAR T IRL | BUHER
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RO XD X LIEIEE THDHED IR E M H[Yanagihara, 2006] [Oishi, 2004], ChFE
TOMETIE, BEHEETFORBEER. 6~7 BEERO YT TIEYEShTEY,
SAEZERTESE S, LLITHRBEE DLW UXLDORFAERIFEE S TULEd 5T,
AMEIZENTIE, 4 KERBRO YTV TETHEICES T, BRAEZ VOO
SHEEFERDOUXLAMNRIEL TSI EERL Iz, SBIT. AV RYVETHHDO“R”
([SEFTHEMBEERELTIEDOD, “BSEFTHECLAFEMRITELZEN DM -
= (R RISERERZE RS ) o L, EEREENH DI, B RV Z SRV SHEE
BEICRAMNID, “RITRVDAZBVEHEENRTHAIDERHRDRTH S, RFARFE
LTE<EAFIF, —RICOET HRMTICEYEDERNRLGLENTNOTNS, A1V R
Vo DIZELHYMERICENT, COEREFH>TEY ., FiEFRETORBARFELTEHNT
WA EMGERASNT=, COFRIF. BEMRZAVTHON RN ERTORHEED
RFEFDRENE—MRILTEFIENZ S,

SHROREELT. RITESVIDORERMBIRE . BRITHEDEMRBRITH=OI2(F, A E
ERBHFESE T AR VERELTRLERVNIONINENEREL T HEFERR
WeBbhbhd, - FBFEMNA ORI VZREK/VITIMIRIZ AR/ EL
THRAERIEAERISEEDHILEHERT SRR, KYT AL IMIEERAICES LB DN S,
512, FERRIR D AFISES &+ DI AERTEDS, EDKIITIREDBILICHE T HNERIALTLY
CLF MBRFDRIFELLTOEGRERBEDEEICEN DO LTINS 1V R VE
KIC, BEHELFORIEHE T EEFR T, BUOLEETIERLNH LD T, MEEIEARREIC
HFETHEIAIFRITELGL, Bt ERTFTHY . —T70LETE2—THS Rev-erba D
B AR GlaxoSmithKline # &Yk &St 7=[Meng, 2008], Rev-erba (£ & THIEEL T
WHEIRFTIEH LD, FiFDOERRENSLGEELSG. BEENRETENL. FiE
DEEEEIREOREICHF ST HLIAN. RIETEINELNENEEZ TS,
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ENE BRIV T K DRTEEFET O HI{H

=

AETIHEBZIIVIDHBOMB) X LIZEZ 57 EERETT H5LT. FRIZHT
HAYXLOFOEEMAEE. HICOLATA—IILRBICE T HEBN DV THEE LT,
FEZETIE., BERICESTEET DR UL FEOBIEY) X LD BEHIE T HRFAR
FTHAHZEERL =, EICBARI=ESIZ RATHED T DRI R IZD A 8B% 5 2 HEFREH
HREEFIRICE > THEHEGE FORED X LN HER T H LA ES N TLVS[Damiola,
2000]c CHL=CEMBERBUXLZDELEDAFEOBM BN X LERESETNSIEEZLN
%, 6 BRBVXLEANEWITHRSEDILICE ST, FIBOBBU X LN ERZERTD
TIREGELOMHEHREINS, 25 THALLIE, BERUYXLDHBERICE>TEILGAR~ADEE
E.EDDFHBEBRATLHIIET, FEOBMB) X LN F O ABWLERZHSAICTE
BHEEZT=,

D XD —DICIEERBEZE(FHIENTESHY, DBP > DEC2 (FZ5L1-IEE
D—2THAHALATA— LD EEKBHERDEEEER THSH CYPTAL DELRFRIRZH
f#LTL B [Lavery, 1993] [Noshiro, 2004], CYP7AL [FAL A TO—/)LZ B EENEZEHRLIK
NPT BIFIEHE— DRI THAS=0H . TOFHEEMPILRATO—ILREDHIEIZIE
BICEETHLHEEZbNS[Lavery, 1993], D=6 . FFiEDHIR ) X LD RIFAHA S
EALARTO—LAKBICEEZRTDTHGULMNEER =,

FFEHEGTFOERYVATEH. REWEEEZELHIENTINTETLS, HIZ(E,
C57BL/I6 R%&/\vV T 5V RIZ4D CLOCKEE Y VR (T, EREDHETIEMEF L, B
mEIRY ARy kA= LISENREEE LS EN S Mo TE T [Turek, 2005], £

AM.ICR 1\ T 59 UR%HD CLOCK EETHXTIXHZE TlRIARIAIFIESN . S5
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PR A RICx L THEREZERL[Oishi, 2006], CD K52, MR T BIHEL G TEY.
B X LOERINRBEEESISHITHEINEIFRHATH >z, SHIZ, BFEHELRFD
EEIIRTHLN-RBEEL . ERVXLLGEDITEENGEEN D ZRWLEED
O, ThED BEHERFAEEMICH FLALTIEHEBEO 72 1E O, lBE R HIC
FEEHERIZLTW 0RO MNISEROMETHLMILTLHIELTIFESELY,
ZIT.EHZI EGHNICEERLGEH Y (SR ZRALD., IRILF—EREFELSET.
BERVALEHERSELIERRRERMAEL-, ITHETHASIYMIBHERRIZE, “B"IC1
BOEBE DK 80%%EET 5[Brown, 2002], SvhD 1 HDEBEFEZTIC. ThEy
ZIT4NDIETDOLIHARIZA T TEZSIET BRVALEBRSEHIEITHRINLT,
OLTEIEFRISN-BERYXLDFREE, FEO#MB) X LERTILICEY . aLRTH

—ILORBEEZFELT. MAPILATA—ILREZBMSE S LE R,
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FaR

Zvb® 6 BEEDIEREFAELECAH. BHIERZEZIE =5 vk (Control #: C ) T
F“R’IZ1 BOEBEDH 80%ZEMLTHY . EREOMAYX LM RSN (Fig. 28A),
FYybD 1 BDERERZEATIC. ThEHNFIC4HD 1 ET D6 REABEICEA -
(Suppression #: S &) TIX“B"“R"HFICEHZERLTHY. EBEOBMBV X L .HNT
LMz (Fig. 28A) . BHERSIEIYMTIE. RENEDOED LOLEREHE LN TEMT H50DIC
LT, BEBVXLEZRES B VMCIE. ERRIZEMLT= (Fig. 28B) . CODB, SV
FEIALRTO—LEBZE5ZTHY. BEMEILATO—LIEEZRLTLS, COSNEME
mALATA—)LISE(E, VLDL GRIEZEEYRE /O E) ILATO—ILAENT 5KER
MEILATA—)LIEETILTHD, IYATIE BE, MPFILRATA—LOFEALF
HDL(BZEEURIV/INIE)IZHY. LDLUREEVRZV/NIE) BNIFEA LR85, Bk
BALEICO DD EIKIFEAELRNESNTILVD,

COEBR7Y1—)VIZEY ERVALZRIESE DL, I TICEMLTULV AL R
TO—)LREXSSICEINT 52 &ML A ERST=(Fig. 28C) , AL ATA—/)LEEIL
1 BZ@&ELT.SHTHEIZERLTULV=(Fig. 28D), 1M HDL AL AFO—/LEEIL. S
BTLERLEA(Fig. 29A), #aLATA—LIZN T B HDL ALRTO—)LDE|SIE ST
WAL TULV=(Fig. 29B) A D HFMHEFREL YV EBERER. SHTHERICLERLE
(Fig. 29C, D), 1 M4 )ILaA—REEIZDWTIE, BELEILFEH 5NN o1= (Fig. 29E) .
MEYTINETHO—RTIIVERKBIZ&>TYRI N VEESBL, AL R TO— )L
BETVOAILATO—ILOBEERELLI-ECAH SEOMAPILATA—IILIRED L
FIXVLDL BH TR TSI EMN DM o7z (Fig. 30)  CNHLDHERIZ. RILEEZRELE
BRTH BEVALAREETSEMPIALRTAO—LEEN LR T EHIEERLTNS,

ERBUAXLOREICLDMHP VLDL ALRATO—)LIEMD A D= X LERET =0, F
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FREREA DD MK A VLDL AL XF0—)L. VLDL IS E Okt EEEE 1=, I
BASDMIMAAD VLDL ALATA—/LOBHEE L, ERYX LERIESES VTS
mMLTEY (Fig. 31A) . VLDL Fi4EE DM EREBIZML TLM=C&&Y (Fig. 31B) .
VLDL 24 DMENTELI-CEERLTLND, RIC. A2EDARATA—INFUREEZS
BRI TERAOEABOHYEITTE Lz, ERESHOE B S(I, 260.39 +
12.49 pumoles/2 days T#H o7z (Fig. 32) ., BB X LIRS Y TIL, 223.93 + 11.33 umoles/2
days &43Y) A DR EEHE M ENFH DL TSI EN T M o1=(Fig. 32) . L EDHER &
Y, ERBVALEFRIBESE L LICKYBTEOENAN QAR DL, ILATO—ILAME
RIZIFEESNDES(124Y, FiEROILRTO—)LiZEYImH~ VLDL ELTHET 518,
VLDL aLRFAE—/ILAMmMFIZERE LD EEZLND,

ERBVXLFRIESEAZEICIYILRATO—IILRBICEENELEZEN S HO=D T,
ALATA—)LRBO PO MR THLIFE TRINEI STV S REILE-, &aLATA
—ILEBES5ZATLADT, ALATA—/ILERKIEINHEIEh TEHEY [Jurevics, 2000]. AL RTH
—LEERB. BABOERISER L, BABEROERBETHSILATA—IL Ta
IKERILEESR (CYPTAL DEGEFRBEERRELIAH SYMTIEBRE ‘R ICZEORBEDE—
IMHEIENDMO>TLAD, ERVXLFRIESYMTIX CYPTAL MRNA DE—I M “R”I
B L TULM = (Fig. 33) . EERATIL CYPTAL DBEFHIFY X LDIREAIIFISH 5D Tl
BODEHERIL TO DS, ZOKSGILFEL AT HELSETREEN RSN,
SREBP2, HMGCOoA £ &1 LDLR DB FHEBRICEE NG EMN D, ALATA—ILERL
ROEREFFEOHoNGEI 1= (Fig. 34) .

CYPTAL BEIEFRBIAXLOEEN., FiHEGFDOREICIVEISTLAINERETTT D
B#IT. Z<LOBEHEGFOHKI A LEKEIELT-, DBP [ CYP7AL LRIRIZGRIHD T e
‘~L.PERL, PER2, DEC2 [ZZ DIRIEA/NELZEY  DECL FZDDE—V%&HF D KIS

BEDHFHEGEFOIVRLEBIZEENR SN T (Fig. 33), DECL (AR ERZHOS
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VERFTHEIEEHREL(BZR) . ERVXLDENICKY, BEZ—BHHERLT
WBDIKREMNRSETIORYD DR ) A LDNREREIZHY . DECL NEREGHIEEZ (14
RB. ZHEQUXLIEFENT-OTITHREONEHATED, CYPTAL B FRBEEHIEHT S
SRERFE (LXRa, FXR B&LU SHP) TIRIFEAEELIZRONIEADT=(Fig. 34) , DT
ML, CYPTALEIGFRBIVALOEREN ., FHEGFDORBICEYRI-TINHIENE
REENT=,

EE S RICRYEY % SREBPL & FAS B FI&. ZHHMED X LFKIEZRL. DECL DEE
AR RSN T= (Fig. 33) . IEE X BICREE T % PGCla & CPTla Em FRIRLIRIEA
ETIHIERAHo=(Fig. 34) . CNLDEBELFHREDEHH . MAFHEEREDNLR
[CHEELTLDAREMEARIESNT-,

UED#HRIF. BRVXLOREE. FEOMBVXLZRTILICEKY ., ALRTA—IL
ODRBEFEZFELT. MPALATO—IVREZEMSELHIET TR RAELVEAE
FEIFBEICERNELGVDIEFIENSEDLN TGS, SEWMOH T, B FHRETLHLE

BB TEDOIEN S FLARILTRENT,
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Figure 28. Suppression of the regular feeding rhythm deteriorates hypercholesteremia in rats.

(A) Food intake of the control group (upper panel) and suppressed group (lower panel). (B)
Body weight gain. (C) Plasma total cholesterol concentration profiles on days 7, 11, and 18. On
day 19, the circadian profiles of serum total cholesterol (D) are shown. The values for groups C
(o) and S (e) are mean + SEM of 4 rats, respectively. The open and solid horizontal bars

indicate the light and dark periods, respectively.
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Figure 29. Circadian metabolic parameters in rats suppressed a regular feeding regimen.
On day 19, the circadian profiles of serum HDL cholesterol (A), the ratio of HDL cholesterol to
total cholesterol (B), triglyceride (C), phospholipids (D), and glucose (E) are shown. The values
for groups C (open circles) and S (filled circles) are mean £ SEM of 4 rats, respectively.
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Figure 30. Agarose gel electrophoresis of serum lipoproteins from groups C and S at ZT14 and
ZT 2’. Lipoprotein-cholesterol was stained enzymatically by using Co-Cholest-A. a; HDL; pre
B; VLDL.
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Figure 31. The suppression of a regular feeding rhythm increases the secretion rate of VLDL
cholesterol from the liver.

On day 17, tyloxapol was injected at a dose of 400 mg/kg of body weight. Accumulation of
plasma cholesterol (A) and triglyceride (B) after the injection of tyloxapol. The values for group
C (open circles) and S (filled circles) are the mean £ SEM of 7 and 8 rats, respectively.
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Figure 32. The excretion of fecal bile acids decreased in group S compared to that in group C.

On day 19, Fecal bile acids were determined enzymatically by the method of Sheltawy and
Losowsky [Sheltawy, 1975].
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Figure 33. Suppression of the regular feeding rhythm disorders circadian gene expression in rat
liver.

Real-time PCR was used to determine mRNA levels of CYP7A1, DBP , DEC1, DEC2, PER1,
PER2, SREBP1, and FAS. The values for group C (o) and S (e) are displayed as relative
abundance (mean £ SEM of 4 rats).
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Figure 34. Hepatic circadian gene expression profiles in rats suppressed a regular feeding
regimen. On day 19, the livers of the rats in groups C and S were collected at 4 h intervals.
Real-time PCR was used to determine mRNA levels of LXRa, FXR, SHP, SREBP2, HMGCOoA,
LDLR, PGCla, and CPT1la. The open and solid horizontal bars indicate the light and dark
periods, respectively. The values for group C (open circles) and S (filled circles) are displayed
as relative abundance (mean £ SEM of 4 rats).
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BE

ERUXLIZREDNECHEERIZES>TRISHDREEMNEZ LD TIEGELAENSS
LIIBRBITEBTESD, X, CLOCK EETIVADHEFIZLY ., FFHEIGF CLOCK A1
VX —REEAECEAEL TULVD I EASTREN f=[Turek, 2005] [Oishi, 2006], BMALL IXfgHA
HEOSMES IVIEERBZHIEL TSI LA FHE SN = [Shimba, 2005], TR TODEFET
BRFICEWT, ZOMEEENRBEBICRET HIEMNASNI-HFTE G, LH
L. ChETOREBEI D&, D7iES bHLH BEERFTHSH CLOCK KU BMALL
M. FEIEE R B CIEFHEADMEZIELH LI RIILF—RBRASICHEZICES 5
CEFRENEWNERDND,

FrETERTFORENGKTH, FRAGAEFREICE > TEI X LEREESITEISN S,
Rt B FREBICLDRFRZMRLSEE . RROEGFEREICERT S22 FLANILTOR
BL VRATLULRILTODYRLDEREICKS 2 RWGEREDHRELI-LDTHAILERZE
[ZBEVWTEIRIXESMEN, Chld, CLOCK EEYIRICLHBHELELR LA LEETITEN
TIEELHEWREATH D BEICEVLTE, Levi DT IL—TF. £<EGTFEEDLEE
EYORITBELTH, SCN ZHIEL- R OB EMICHREZECLTHRDOU X LRIREELZIET
SEEEMICHE VLT, BESN-EMRORE N RLLG D EHE L TULS[Filipski, 2004], &
FHRETIE. VIRT—IDFEETIEELAVRIRF NI ENESN TLVS[Kubo, 2006],
NBE AT LOVALEEOFRESNERORE L LLLIEERFLLEY 558 KM
EZOND, COEIIT VA LICHEHE T HEFDOBEBAIZIT, BEEFORRESZATLLRL
DERDOEANDTTA—FHNEETH D,

ZIT.EEZF EGHICIEERGEY (SR ZRAV, BBV LEHRAIELIERRET
FFLIz, EMIBFEDHIMAMRITLTELIESTNIEEIE T HELI(C, BITHED TV
‘R EEITREZE5ZASEIICLTH. ICIZENTLES, BIEBRTRHLWbLN AT - D1

80



—TAVTXINERALEERFETHS, CNTIEH ERBVXLEZEREICLIZZEICEE
BV TYED 1 ADERERFEATIC. ThEHEIC4 5D 1ETD 1B 4EITHTT
BZ5ZET ERIYRLEHRSEADILICHYLZ, SED&SICTRIILF—EREICE
EALGK EEMNHREDLTVEMICTEN T BERUXLAEHELTLSRIZHE LA TSR
RIEWN VALODEBHUEREEZADBSICIIEETIEALZEID,

SALATO—ILEZEHERIETH FREORFIEEIEGENEVSEHEH B SH[Kudo,
2004] A ED FiwREFITIE. BERBEZAVT. ERVXLZHRBEIEBETH. 5L
ATA—)LIEMNBIL T HIEERO TS, LA > T THDEICEHLLT  ERUX L
DEZRBEA, MAIALRATO—ILRED LR ESIESRILEBZ TS AFRIZEN
T.BERNBPIRIILF—EMENRLTHERYXLAHEELAT HE, IFILRATE—)L
EEMNLEREL. 8aLRATA—)LIENBILT HEMNRENT, D FANZZXLERASHIC
Y212 ALATO—)LRB O FID iR THOTEZFMICATLI=ETS, CYPTAL
DIVXLERICERALNH DI EN D>, VLDL #EETHT7HRURIVNNIVEDOEH L
KRR THIEDOD, BRUXLMEET DL BEDAAIVT ECYPIALDY R LDAAS
DTIZXUHELCT, ALRATO—)LELRBEMETLEEZ TS, RIS, EhAD
AEHEAHE M EMME T LTSI EERERE LT, CYPTAL DEGEFHRELHIHT LGSR F5¥
ZHANF=ETH, DBP *° DEC2 ZIFLHET R EHEGEF DI A LEENBESINT-, UL
DTEML, OBV X LOEEMEZRNILATA—ILKBEZIELHET HIEE K H
Z0HBY X LE - HEEDHIFICH D EMNRENT,

AN OLEEZMERELT. REFRAMNEZOND, FETHNE. ChhoESE
MEZIETTTHHELT. RERDBZELTLS, BEHD. BEDOIZITRAELLVEE
ENEBEREEVOATE:, BRXBEZNT7 JO0—F (L. ZORBRAUEXBFNICHERT
% OIERLTN Tz, AIZBREDIERBFICTWDOBREINEEZSHIET. FMITREA
IWERRZED FLANILTERBATIZEICOGADEHFINDS,
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G

BEUXLITEMOELDF TEFINTESAEBEED—DOTHY . EELEKREHF
DEHRISND, HEIBICH T, R, TE X LGEHR L GERBERICH 24 BRDY
ALDNFEETHIENHONTIND, -, EYRH. EONRICLHMAV I LLHY | ER
DEMHIREZETIEERDTND, AR, BEIEICH T SFEHERFDEE Hl %
BEMRTTS2LT. AV LDEBMESDOBBAEEKEL:.

WELFBICH THB AR O PRI, FRR T EP D8 X X £ #% (suprachiasmatic nucleus;
SCN) IZFFTEL TLVS, SCN DBHEICK>TREREECFH LV TH) X LNELITH
KT HIENORIREFEEIEIEN D, HIIETITREZD SCN DA A B ERIET S
CENTEOH—BE_DRETHAEEZONTE, L., HEHEGFORRLURE. 2F
LARLTOREIES 2N, RIRICIZIFLAE DRSS ORI B B EHRB AL HHo
THY. TN TN OBBICENTHRLZEZIA TSI EN T MO TES:,

AR DORBEEAHT AN A LDP IR EGFETEEINE—EDEGTFH
DEBEFIRENLIZT—F NV IIIL—TTHDHEZEZLN TS, WELEETIE bHLH B
BRFTHS CLOCK &BMALL BIANTOZEREMAKL. Per 0 Cry GERATTATRF &
FE(ENZEEFDTOE—F—EEICH D E-box IZFEE T HIET Per ¥ Cry HEDEEF
FIE#IEIZFAET 5, PER/CRY #&AA CLOCK/BMALL [Z&2EENEMLEARL.
B BSOESEMHT 5, CORYIRLAE 24 BREIOEAHEEYLT.

CDI74—RN\Y DI —TITMA T, FEHEGF DG EBS . RRE & D-box 4 L1=EIRE
IW—THEHEEL TS, CNLDERFH., BL2DEEFORBRE—IVBLUERELTINSE
RIBENT=, Perl & Per2 &z F 7 OE—4—I(Z(&. E-box (“B"EE5I]) & D-box (“B"EEHI) A
Hb, —H. Perd3 BIFFTOE—E2—IZIF E-box (“EA"EEHI) (F4:<. D-box (“B"EEFHI) D H

MNHEEL. CNFETOEREFREIZE L TIL, Per BERFDHTIL, Per3 OE—IRZINHRE
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ENDESN T, E2EHE. TOREROIRELUVUREEBIZH T LHHERTFOR
IREEFTEEREL. Per BIEZFDHTIL, Per2 DE—IBZINRBLEN EEHER LIz, 2D
LlE. Per2 BEFITOE—F—ICIE. CRFETHOAN SN TIHI oI E KBS E HE
SINFEET DFIREMZ RIEL TULV =, TEEE. 7/ LEHRMN SRR LR IS B S ZHY
HL SVA0 72 EDTOE—F—THRESE-LIR—2—TYXLRBREHER T HFENERAS
NTUVz, RBAE TIE, Perl, Per2 ;&= FDEERIA R LFRD-50000p FTEHEHTIO
E—4—MNERRELI, RibSh =B, SRELEET. MBYXLEERETE
BLENHMBNTIND, TN X EEHERFOTOE—F—ICLIR—2—EEFEERL.
RICEA%. BULARIEETHILT BHHEETFOBMNEEEE ) 7ILE( LTHETSE
%, LR——BEFICHAEEORERRIILIL Ix5—EE# R AL, fMilat@i e X L
2ERTIRBESDOMAEHEERFTHILT, EH 1 BHRBORAEEZRETESE
TEBRBEEZR LIz, Per2 B FIOE—2—@BTIZH UL TIL, E—VZI0DZEAL 2B
B9 %% RBLSI E7-box ZRITE LT=, MK ITHEBEM TELEHE SN TL V= D-box AMHRIED
BRIZFSLTWAIELRLIZ, CORIIZ HRALGREIGEERIIOBEAEHEIZEOT,
BERFRIROEELGRRBRASAGIN TSI EEERMICEIAL (B—F),

BEEt DD FHIBDO L ELDDH, E-box N UI-EERETTHD, —7H. Hife B EMY
B B B s R BNAIZ 115 D-box HIEHIEF DR EFHREES N TLVEA o=, DBP [CHFRSH
% PAR RELERF (& D-box IT#EE L TEHRELRET 5. FLESIZ L THIHIR(HI#E
BEERFMNEIBPA TH D, YT INAA LEZRT VAT LIZE T, DBPZ siRNA [Z&
Y/uoF o4 bE. BEANEE>T-, DBP MBEIFRIR TIL. BN K LEo1=, E4BP4 D
H#(E. DBP EIFERMDEAEEESIER_LT=, LLEDFER LY, D-box HIFHEFIZL
% D-box ZNLI=TFILDORESH, BHORESOREICEELRENER-LTWAIL
ML= (EZF),

HELEDAERFEHZEHTHRIGDREGTRE T, WAL TR E O RIEF & HVH ]
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ENTNEDMENSTEE, REFRFTOEEMNEECKREBELOEEEZHALSNTEHILET
HB. CNODFEEMRIRT 5=, KBOPREIESHRBOREICEBLI-. BEDA
A2V BNFEREESIE TS5 LEHonTW D, ZORFARFIEFHATH -1z, §E
DR TIE, FFHEDEEH, 3 REBEIT S EITEYIv—L L TRUERSNSIED
RHELTWS MR T NAFAA—DU T HMERWNT, YT L2 LICH a2 8%
FBHETAVRYUDRFARFELTEVTINDIEZERIBAL, ERICIE. BEHERFIC
SGRBREDRERRIIINS T5—ELR—3—& DR EEEFEBALIS VMG
MRz, il 3 RTEESE. TOXT TN FALTHRETSHILITLY. 10X
Do DRFFERZIEALI-, EFRMICIE, TEERIGHRIZRL-1=0. AFAEFTHSH
EDGEBASN -, £ DH 24 BE R OB BRSO RFARFICITZEMENHY. X
(FEERFEEZ RN TAERT DG, "B SRV NICH LR IERFEDH, “&KIC
EULOVEICH-HEREHTEBNTLED, 2FY. BLRIBTLREFEICL>THOMRNES
CEITh B, COIELMMBRIGHIENRENTZELD T HEHLERARFTHAHZ LA D
D%, SHIZ. BPMERICEVWTE AV RV ERZSEERAIVNEAVTIORYY
DHMBREREFLIZETH, PRYMBRIGHEEATSN, BIMEFTHA VR VOB
ORFARFTHAI LA RN (FE=EF),

AR D BOEE OB NLERFARF THAHILEZEZADE BRDVALEET L
[Z&Y . FEOBRGAERALT. BRICHLTRAIOANADEZENRN TLADTEGZELIMNEE
A1z I9bD 1 BOIRILF—EREBRFELSEST  ERVXLEZRLTEII-EES D
BRIDPEHTC.BIALATO—ILEBESALCA, MHPIALRTA—LEENEMNT S
CENBALMER ST, FBICEV T, ALATE—ILE LR B OB REEDOE R, CYPTAL
DEEFREE—IVLEL., B EGEFITOVWTHLEERIALEBRT L5121,
BERIVALDHIET DL BEDIIIVT LB OALNELT, KBEENSIEED

ENBHTEMNBALMNE T, (BME),
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BMBUXLERTABNERLL T DOEZINH D, —DIIREFRETHS. CDIE
RIZKUEBMENRIERL. AL LEETFHIIENTES, MAT, FETHNIL. Z
NOOBENRLET THALLTHEBORIMREHA THIENTES, CORKTFRIE
[S&Y. B4 L) —ERARBZE>TD, L5, MRaIEH P HZEERFFIZITD
CEMNTEGUW O RS RIZAREICLTUVS, ITHRITER. KBz ESET. T
R ICITHREIBIEE BAICT DR E DRI N X TH D, Ff-. BRREWEHTELGED LS
[CTRBFEZEE1TEEOE®RLH S,

ERBEREFICRONDLIIC VXLIBENIEIIRICKEGEEEEZDHLES
DARERELTNS, —A. Gl o F-HEHRAFRDEZTEL, RAELWNAEFLE, FRAIE
LOWBEFIEBEICRANELRWNIEEOLNTETLEIDN . ZORFHAD=XLIEHFEYE
REINTIGM o EEHIE. COANFOERMNE. B FLANIILTHEIBALIZWEEZ THEEZE
HTE, SEOHREM L. FEOBMBUXLIE. BE. BERBICL-TEETHDHLE
DFULANLTRICENTE . FIBOBIR Y XLIF EMRBICESTHEETHY . B
ERZFMT7IO—FIXREERZHETHILICKY . EE LIFCRIERZETIE ST
LICHYLTETVS, FRAGERE, BEFEZRITACETHRBOBMARET DN—RHVEH
NTWBIRETIL, EURIRELEDBEEREABII LGRS AEEENEZLNS, L
A>T HEEEZD LB LLTHEBIREENHLEEZOND,

SEORERXREFMATN,. ALEBLZRILERBRTH. 1SV NN ERBE
BZ5IERITILEETL REZO REEBEORG TR, XICMFAIZIBERSMNEE
LTELN RBROFRNREAELGVRE, WD IBRENELIADfIZ IBRRDH
ULICEETHINELNGW, BIEEETEDKIICIBRINEREGEEBENEKREZLD
CERDMOTETWD, ZDESHTEBD SWIH | ZIBETIRENERBEN, SRFETE
TEEIIGLHEEZ TS,

REICARNEHON FHREBEZERICLBIE~AORYBAICONT, EELOMEY
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IW—TDOREZZHDITERRTHEE -V ARG ORI LN LMK, KYRALESA
SV TREETHEVOIREARINFAREICADEEZ NS, LA, B LFZIZ
MY mEEFEY)GRAEHTHIET, AUF—TIAVIZKAFERE O2R) ZEEHTES
[Ohdo, 2001], BEfEIABEERICITIHIZIE. EFDEMNTEIBEMI IZHNDIENEETHD
MNREENSANLNTERMADASI V&, FEARZEICLIBIE TIK, AREZIZ
BIETA-OICREBOBMREERL-EBIERNSLETHLILEE . REGEEBLHH D
TLFES EEHLDY IIL—T(F, ChERET 57 EZIREL T S[Ueda, 2004], Hoh L
ARNTHA RS TEB YT EETF (FZETYE) BN 2GRN EDLELR LR ERAN
T BB ELGBI D FRRAKRIZERLTHELS ZLT, HAHRZIIEHRIRL-BBCmERH DE
BEFRREFATLT, P FRHZRELERTHETHRARFZIZRARSGEEATHES, CD
FEmERBESE. MERORBEDM S, EFDARNBERZBEICHET S EITEIILT
LV ([Kasukawa, 2012], BR TIEFERMRICITEEELEL 10 FRIROERAL MDD, Ch
[Zx LT, BRICEEEIN. TG TRESNTWSBRFEOHETEEZEO. BERZRL T T
—T—A—REEDAMN., RIZKERTHILITHEHERHONDS,

SRELFEL. BEREARRERBLEOMBV A LEBREZTLHETHEEELLT
Mo TS, EARMICIE, FIX ERRERIC 2,500 LIRLUED AT HE 2~3 BREBY
HIETARKENMRRAICEFYHBRICITEEOERMNETICEENSLIITLELELDE
BETHD, KBFATEIOASRDITFILIE, EICHE-RRTHBREETHEIX L
BOBESMUBIZA AL, BEHERT Perl LU Per2 OFRREZFELTCRELANILEZRL
L. F= VA LGMBZRABTEHEICKYBB A LEEEZHETHAIENTEEINTIND,
COEBENERET. BEEZABFLEBEDHNIC 2~3 BEHARTILENHIIEMNS.
NITRDODBREDRIHNAROON TS, BREAEREIRDLIED FAEREEZERT
B1=012, |RRX LD RIGHIE D EEZE REFI SHRa¥kZ 15 1L L =[Matsushita, 2006].
FFEHERTF Perl B&U Per2 ORI LEREIEIZELT D BAFDRI =0T RDEE
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METREICAR D EHIFFL TULVD, GPCR, /A U F v RILF DT ZEESD | IREFEHCHFERIIC
AT RIRFME[D FLRRITOFETH D,

AR TIE, FFHED 3 RTEEL in vitro BRIRBAIEREEASHET. A1V
(& BAFHERAR T D EIEAEAZEAL . REHERIT, NARIL—T IR —Z2 T Ty
TARNEICATEDRBELAHY . FFHRE DR EHE T 2RANDRRAFREICED. F
P AR RZLE T BERKBESVMIEWNT, FEZELHET DI RY U REZ M
BB ITARFEEGFDOIURLEEZTHLMNILz, TRBERBOA R EREETIL
LB THERREBBOFTECFORRENIETRTHILS. WTIDETILIZE
WTH, FREENRFLIRENROHLN TS (BRERD) . FRFTZESLSELE
STERIZEHRERL, AR VI b O—LPEEBERORE DL EINENEIRILT
%, ARX L. FBRUIEHEBICES TS 24 BEZELTORRT —IN—RLEET
BFETHD. REICEITEIRBEBDHENE, BIRFEHNDOEEICEEZLGMEZ HHDHA.
CNETIE, —BOFO—RADT—ELNFEELTLNVEAOf= CORRT—EN—ZN, 1F
HMEREBEEDEERERIET H-OD. EDBLY—ILIZKEEEZEZ TS, SRIT. K
MRICLVEONRRE. IV X LEEREXDORIRNZBELL. AIRAR~ARRSE

TWEWEEZA TS,
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RERMHETIE

Per2-dLuc BIZFEASYFDIES!

B BIREBZERL T A2D(ICHELMPer2 7 OF—42—&R L (chrl: 91667305-91663790 on
Mouse Genome UCSC Genome Browser, Feb. 2003) & . tRERKRAILILS TT53—ERYH—
(pGL3-dLuc vector) [IZ#EA LT D Z ZE{# L 1= (Per2-dLuc vector:[ Ueda, 2002 1) ,
pGL3-dLuc NYA—I[EpGL3-basic ~N%—4— (Promega, Madison, W) #RZELIz£D T, AL
ZF Uk Bk R DPESTERS| (B B DR RERESEHEF—7) &)L T7x5—+F (Luc)
DAILRX D ILKRIFEIHE AL, EFHEN307 LTI FIL ORI RHE BREZE K<
L7=3D TH 5 (destabilized Luc; dLuc) , Per2-dLucRI2—MisPer2 7 AE—4—&dLuck T
—R9 %8B (£95.4kb) ZHIFREE R (Mlul, Sall) TEIVHIL THREL, MU AP T=vdFvbk
#1ESILT=(Y.S. New Technology Institute,Utsunomiya, Japan) . 5> APz =w o5y &
Wistar RIVrERERLTHIFL. EABLFOREIIILS T25—EERHTET 17—
ZFLVZPCR AIZ&>THIFE LTz (Forward Primer; 5°-TTT ATA ATG AAC GTG AAT TGC
TC-3°, Reverse Primer; 5°-CGT ATT TGT CAA TCA GAG TGC-3’, PCR Products: 539bp) .

Sk 128 C D BREE Y4 )L (light on: 8:00-20:00) TAABLI Y EKIFBHIZEA 1=,

RYVADHEE LU REBBEO YT )T

10 BEE D IEMECS7BL/6 ¥ X (CLEA Japan, Tokyo, Japan) Z8EAL. 2 @RE12 BREICE
DEAREH A 4)L (LD, light on: 8:00-20:00) TEAF L TEIMEL = COMT Y EKIFBRIZE
Afzo —BRDI D RITDONTITAEILDBVRETOBREFRRIOT7MILER SO,
BT D2 BRETICERSZES (DD) IS LT, LDEMIZE T 5HE TR (=20:00) &
Zeitgeber Time (ZT)12, DDE#IZH T 5H1TEIDBAIARFZI (=20:00) ZCircadian Time (CT)

12 LD TG %#4To1=. BT T [, ZTICT1I2h DA Z L1248 R 24 1=
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DTLR2R T2z RIVREI—TILCEMELI-ZMABL. AXX E#&%. FESLUVEIZEA
FEZ ML TELISRAZHZ TEIEL., -80°CTHRELT=, ISOGEN Reagent (Nippon Gene,
Tokyo, Japan) Z L THEHLL . DNasel (Nippon Gene, Tokyo, Japan) TALIEL Ttotal RNA%

?% T: o

E—Y B D fEHT

REBEEFORRE—VEHET SO FTO—TDRHLAORET—2L. E—V%
107 %A CTERELI24FE A D RIXREDHBEFREZR D=, COBFANDL, £o&E
HEFRBOE N >=RILROE—IELZ ., REELFOE—VRZIELT=,

EEMIPCRI%

EEMIPCRIEIL, PCR IZE>TDNAD ZAHMNE RSN LEICDABE T HHAE (102
—FL—MERBRIZVDVNTZAEORBEEET HLTEBEFOIAE—HEITILE
ALICHET HENHESHETHY . REENDT / LDNAZHR ELTRE—DIAE—
HEEDDIILET. HUTIIZEEN T RNADIE—HERETETIEEHDRIVAZE
THh 5, 5EIL. PRISM79003 XT L (Applied Biosystems, Forster City, CA) & AL\ =,
0.5mgMtotal RNAM 5 SuperScript!l ##5E E 3 (Invitrogen, Carlsbad, CA) Z LY TcDNA%Z
B RLT=, 1 x SYBR Green Master Mix (Applied Biosystems, Forster City, CA)ZRAULVTLT
(2R RIS S TRERZE (T o=, D957C (1053) —(@294°C (157) —B)60°C (308) -@72°C
(1 93)0 1=FZLQ@%ZA0H AV ILIRYR T . TVVVRISEREILI=TO—T &AL 7/ LADNA
ERVRERERO T BEFREDEMEZ RO, =, REMEELLTCGAPDHD

RIWELFART -, TS5A7—ILTable. 1IZEEH L 1=,
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Table 1.

Primer sequences for quantitative PCR

Gene Forward primer Reverse primer

rCYP7A1 TGTGTGAGGGACCAGGTCTCT AGCTCCAAAAGGTTGCAGGA
rDBP CTCTAGGGACACACCCAGTCCT AGGCTTCAATTCCTCCTCTGAGA
rPER1 ACCAGCTCAAGGCTTAGGAGCT TGGGATTTGGAGAGACCACTTC
rPER2 CAACCTTTGTCTGCCATATGAGG CGTTAGAAACACAAGCTCTTCCAC
rPer3 CAGAAGGATTCAAGCCCGTG TACTTGGCATGGTTCCTGCC
rDEC1 GGGAAAAACTGTGTGCCAGTC CGTGATCGCTCTTGAAGTAGGG
rDEC2 AACCCCTTTGTCCCATGTCTC GCCCAGAGCACTTTAACACCC
rRev-erbAa GTCATTGTTCAACGTGAAGGACC CTCCTCAGTAAGCGCCAGAGAG
rRev-erbAs CCAATGCATAGTTTTCTTCTATGGG ACATATTTCCAAAGACGCAAACTG
rRORy GGAGACAAGAGTAATAGGATGCTGG  ACAGGCTTGCAAAAACACTTTG
rCryl GCTTCCCTGCAAAATATATCTACGA GCTGCTGATAGATCTGCTTCATTCT
rClock CCTATCCTACCTTTGCCACACAA TCCTGGGAACTCTGCTGTGACT
rBmall GCCATGGCCACTGTAGACACTA CAATGGCTCTGAGATGGCTTTTAT
rLXRa TCCGAGATCTGGGATGTCCA TGCCATGCAAGGGTCTCTTT

rFXR AGCCACAGATCTCCTCCTCG ACAGGCATCTCGGATACCTCA
rSHP CAGCTTGGATTTCCTCGGTTT GTCTGGAGGAATTCTGCCCTG
rSREBP2 CTGCCAACCTACAGACCTGCTT GCGCTGGAAGACCTTTTTGAG
rHMGCoAR  TGCACAGACTCCTCAGACGTG TTCGTCAAAACACCAGCTTCC
rLDLR GGTCAGCCTGGAGGATGATGT GCTTTGAGCAACACAGAGACCA
rSREBP1 GGAGCCATGGATTGCACATT AGGAAGGCTTCCAGAGAGGA
rFAS TTCTCAGGCCGTGATAAGTGC GTAGGCGGTGGTGTAGACAACA
rPGCla CATTTGTCAACAGCAAAAGCCA GCGGTTGTGTATGGGACTTCTT
rCPTla CTGTGAAGCCTTTGGGTGGAT GGAACTGGCAGGCAATGAGA
rGAPDH GATACTGAGAGCAAGAGAGAGGCC GATGGTATTCGAGAGAAGGGAGG
rp-ACTIN GGTCGTACCACTGGCATTGTG GCTCGGTCAGGATCTTCATGAG
mPerl CGTCCTACCTCCTTTATCCAGA TGTTTGCATCAGTGTCATCAGC
mPer2 CATTGAACTTGAGACTGAGGT AAGGGAACACACTGAGAGGAT
mPer3 GAAGCGAGAGGCAGAAGCACAA GAAAAGAGGGGAGGAGATAAGG
mGapdh CAAAATGGTGAAGGTCGGTGTG ATTTGATGTTAGTGGGGTCTCG
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LAR—42—7vt4

NIH3T3%ER%DMEM (Invitrogen, Carlsbad, CA) .~ 10%FBS 1&#T37°C., 5%C02 [Z#i#
ENF=AVFAR—ETHEEL -, LT VLA DD, NS RT I aVETRIC2ANEE
7L —MZNIH3T3#ia%4 x 10* #HB2EFEL 1=, Lipofect AMINE2000 (Invitrogen, Carlshad,
CA)ZERALY, RIBELL TRenilla LucEFIP U FF—HETAE—RITEALTzpRL-TK (2ng,
Promega, Madison, WI) &SVA0-dLucl B EHEEFIS BB AR INEZEALIZLD (W/M,
10ng) EHAREIZR S R 7ok LTz, 2D &EpCl-Bmall (100ng) . pCl-Clock (100ng) .
pCl-Cry1(100ng) . pDNA3.1-Decl (100 ng)Z#AEHE TE ALz, EALI-DNAED
412ng(=72% & 51ZpCl-neo (Promega, Madison, WI)£L<IEpCMV-Sporté ZMNZ CTIREILT=.
FSU RT3 D2485E % (CHIREZ EIYRL . Dual-Luciferase Reporter Assay System

(Promega, Madison, W)Z& LN TEEHTLT=,

EEDAATIVADE=LYLYT

Rat-1 2% DMEM (Invitrogen, Carlsbad, CA) ./ 10%FBS 1%ith T 37°C. 5%C02 [Z#fiFs
NFAoFaR—FTEEL-, M5V RT2Y2a AT 35mm #MEEERT vl
Rat-1 #i#8% 3 x 10° {E#&L 1=, Lipofect AMINE (Invitrogen, Carlsbad, CA) #FBL\TLR—4
—A~ 44— (Perl-dLuc, Per2-dLuc, SV40-dLuc, F7=I& SV40-dLuc [ZBFEHEEF it &R
BRUEHNEBALELD)E lug M5 ATIIMLT=, cONA ZBEIRTRSEDHEEIE. HB
R%48—(pCMV-DBP F1=IF pCMV-E4BP4) % 0.1pg. 0.3pg £1=1F 1.0 pg kS R7x ok LT=,
ZALT-DNA £ 2.0 ug (245 E£51Z pCl-neo £LLIFE pCMV-Sporté ZINZ TEAEILT=.
siRNA [X. Ambion (Austin, TX) & Qiagen (Valencia, CA) M58 AL. 50nM [T TSV X7
kLT, MU RT3 24 BRI . dibutyryl cyclic AMP  (dbcAMP; Wako Pure
Chemical Industries, Ltd. )% 1mM TRIEL =, v bR EEZEFFMAZIE EHS-gel Z2FALT

HU = 35mm MREERT v 2l 3 x 10° AL V=, 10mM HEPES (pH7.2). 0.1mM
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LTz (Promega, Madison, WI) . $1E#E (25U/ml R=I 1> 25mg/ml AL T =
AV EMAT=2ml DEBERAT 47 LIZE#L T, 30CIZRSF=REERNTPMT [ZKYH
REFRIFELI=, BFICIE, FHRIT—2(ET—2) D5 24 BRI OBENTHEZESIKT A4
LURRREBZITL, TR 2 BE S OB EHETERILT HFERELEZITOI-, CDIRK
BT —2DFENMED peak EZH L L., T—2ZLELT=, peak3 DEMNFTHELI=MERBRLT-

MNERIAREHME DR AELLT-, EHAIE peak3~peak8 DEMNSEHLT-,

HANEMRAIZE T 54 R 2 DT

H4IIE #f% DME/F12(Sigma, D8062)5%FBS 1&#hT 37°C. 5%C02 [Z#iFshf-1o+
AR—ATHEELfz, 60mm MIEER Ty 11T HAIE #IE%E 1.5 x 10° {E&LV=. 2 Ak
[CaVTIIUMTELE MR Lz, S5I2 1 BEEL, RERBRELIZ. /1VRYV (1.5 F
f=1% 50uM) Z AR L THREFAIZHERE M S RNA Z4H L 1=, LY2940020 (50uM) & PD98059

(50uM) [EA 2 R ALER 30 S BTASLIELT=,

HEFREZ Y

#AE 90g HIE D 5 B Wistar REESYN(BARIRTILO—) ZEHMAN(BREBELER

HX2tt SRMR) T2 BEABLRECENSE -, BXBELT 25%hEARBEZ S H
MEARIC. AEEZRELL T2 BICHATETEV. EROBICEEBIEKEIZR
LI b VAT (60mg/kg) #EERENR 5 LTz, 5% 9 B, 4 BREERRICEHIRKLY
RIL. MO IINI—REEEZHETHETHRBORELEHERL. ZREAKEL, R
BB 2BEMNMSBEFC.3IREEOEREZ 63 RREICE>TREL. F-7 BHE

M ZT2.ZT6. ZT10, ZT14, ZT18,.ZT22 /> 8 HE M ZT2 ITH\FT. 4 B B & #REEIC
KYRBKL. L MEE MLz, ANLT R U5 11 BBEIZA2 X2 (Humalin R,

50U/kg) % 4 BFREI B EICRERERIRE L=, 2 H® ZT2, ZT6, ZT10, ZT14, ZT18 Mo ¥ < H
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DZT2 12T T, 4RI B ZIEEICKYBRL. L mFEFRILI=, ZT2, ZT14 (21>
A1) (Humalin R, 50U/kg) ZEEREANR 5 LT, 2 B & ICBRL. K. M. HRELUVEIE
AAEHEIRERL -, BEFOmMBRTOILATO—)LEE. M) RERE . YUIEEE

E. VIR REZTAEL.

BRUVXLERESYE

FAE 90g AT D 584 Wistar RESYN BAIRIILY—)12 REEREAN (BAREE
TEHKXEH SRMR)T2 BRABLREICEASE -, BRXRBELT 200D EIUBRE
3 BES A&, 1%L RATE—)L, 0.25%a—/LEEF D LAZETHIALATA—ILE
Z 11 BREA/3aLATO—/ILMESYMEERLERZRIGL- MTEIALXTO—ILIRE.
IREMNE LS LS Control F£(C BE) . Suppression B (S B D 2 BIZH -, CEE.S &
ELITHALATA—LVERESZ . CHITEHRERSE.SHIZABICCHO 1 HOER
EZAEL. ThERELYICBRELT U429 D 1 B 4[E(ZT0, ZT6, ZT12, ZT18)IZL
TEZ1-, EBEI(X 6 BE/E (ZT0. ZT6, ZT12, ZT18) IZAIE L=, AE (L 12 B8 & (ZT0.
ZT12)IZHIE L =, RERRAIAMS 0, 7. 11, 18 HEICE#HIRLYIRML ., MEILRTO—)L
BEZAEL:, EEREENS 6 BEOMBEY T ILETHA—RTILERKEICEL>TY
REAVNIEZHBEL. ALATO—LEBRZITVIFILATO—ILOEEERELLT-.
KBRS 17 BBIC, VLDL RIERH#ZEEFT I 570X Y 7R—)L % 400mg/kg KREELDHED
[CEERIRE VIR ELT=. 5% 6 RREIE T 2 REHZCEFRN SRML ., mMIRHHEEL
ALRATO—ILZEREL =, RERFIR 19 BBED ZT2 "o 20 BE D ZT2 T 4 BfdlE(< 4
FrEDERBERMEICEI - TERRL. MREFEERRL-, BREFOMARFOHLILZTA
—JUIRE . HDL ALATO—LRE., PHEHRE. JUBEERE. JILa—XRE
(Glucose Cll-test) ZBIFE LT=, BB (L 30-EFOF L RTOARRKEBREFEHAT 58S

iEIZ &Y AITE LT=[Sheltawy, 1975],
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2 bR E B TR EERE

(1) &E

RERK

Hank's Balanced Salt Solution (HBSS) (SIGMA Cat. No. H2387) . HEPES 2.38g. EGTA
0.19g. NaHCO; 0.35g # 75 B /K9 900mL IZ7AfEL. INNaOH TpHZ 7.2 [CFREL. 8%
1000mL &L, 0.2um D A>T L2 T4 )LB—(ADVANTECCat. No. AO20A047A) Z ALV TiEiE

BEEL, REBRAHDATAILIRICANTACTRELT =,

A7 F—EFR

Hanks (/\>9Ri&I=v X4 1(D)9.8g. HEPES 2.38g. CaCl , 0.41g. NaHCO, 0.35g ##& &K
900mL [l FBITAFETHEML. pHZ 75 IZFASL =% . £2 1000mL &L=, ThE
200mL 437EL. Collagenase (FIJe#iZE TE#X =%t 034-10533 ) 0.16g. Trypsin Inhibitor
(Sigma T-9128) 0.004g ZHRMLUIBITHETIRML. 0.20 yum DAL TL 2T ILA—
(ADVANTECCat. No. A020A047A) Z ALV TEBREZL . REFAHDA T4 LIICAN

—C 4OC f{%ﬁ L/T: )

HHRa% % A MEM i

Minimum Essential Medium (S-MEM) (SIGMA Cat. No. M4767) . /\2E 75mg. 2/\V
F kUL 100mg, NaHCO; 4.99 Z7% 887K 900mL IZHHEML . B TAF THEL., Afik e E
% 1000mL &9 %, 2% 0.2um DA T L2 T4 )L2—(ADVANTECCat. No. AO20A047A)

ZRAVTEBREZL. BREFHDAT1 LR 3 KRIZHFELT, 4CTHREFL

Waymouth's MB752/1 1%

Waymouth's MB752/1 Medium (SIGMA Cat. No. W1625 with L-glutamine. without sodium
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bicarbonate) . NaHCO; 2.24g % 7& B2 7K#5 900mL IZ;A#ESH 1=, IN NaOH T pH7.4 IZFRSLL
=% £ 8% 1000mL &L. 0.20mm D A>T L T4 )L3—(ADVANTECCat. No. AO20A047A)
TEBABELIz, CORIZR=D - AL T A4S 2% (SIGMA Cat. No. P4333 )5mL fin

ARz, TDR 4CTRIFL =,

(2) FFRaD SR

2 TEA—=IL(FAFRyMGE R No.3778) B T DS V&R HT= 0.02%EE T %K
(EFREEHASH) T2HEEHESBL. SVMERBELMIREEL T 5. PFIIRICEES R DIL—
TEM =%, FIIRICON BEANS, VRS, SRN HAMiEED=1—L D EimMoiE
TIALERBRTHVRLEN SR BFIRO AN Sh=2—LEFALEE R THRE
9%, FIEFICAFET O T RERIRE UIBTL TR % 20mL/min TEFL. BRIl RER&RERE
€5,

RIZHEERSOEEZ LS. BRETOTXERICEES ROIL—TE0 Tk, 4]
BIL-FE T O T REBRZHFTREL. ADBEZURALTADOA=1—LZBLENST
REARITHALIBRT 5, CORBTIERBRLDGEDETERER TS, FIERBERLA
IRYZSITHo1=b R TH LS BLERKEIST T —EBRICKBL, BUERERD
%, BREO D 30 FELFREZE 30mL/min THERL. £D& 20mL/min TIAS7 F—E B &ML
HABETERT b, ERDEDO5. FEEDv—LICEYARTEMS L. 20mL F20#
faiskid A MEM £, ERFAERYFTBERYyT U7, HRIEBRCERT D,

Bon-H7 MR ERE X2 F 0—2—= DL # (SAKUMA R90-23) T 500~ 600rpm,
14> 30 EED BT 5. LIFIFWEILTRRE. #FHif-IHfa%x#HA MEM ZIMZA B W=D
DT D, COREESE IEBYVIRT ZEICKYIFIEN—LFREMBEEBLIENTE
%o

Bonf-FFESMBEERND0.2mL &Y, 0.03g/2mL +J/3> T )L—(WAKO207-03252)
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PBS &% 0.2mL. #ifa%% A MEM 1.6mL EBEL . AFRLMIDEEZGRIL, £7FE
80%LL £ D #ARAZEEERICFHL V=, #ifa% 1.0x107cells/8mL 1245 &SIt TREHT 5, =
DR RE 100mmBED Ty alZ8mL TL—Ta20 595, 56, SEHIEERzHT
L—T 427 4 BfE1#2(12 1xPBS T 2 SR IEHZIME(TI, COZIEERIEMITBREITI,

ETHORBRCTRMBEMZRL,

FARALETAav A

N BT avia

| BaS5—4"2 % (3.0mg/mL, $TEESF> Type I-P : Lot No. 941215) Z®E L1= 1mM HCI
[CKYFRL. BEZ 100ug/ml [TFHELIz, ZOEKE 100mm 71w 2 (FALCON 1029)
[28mL A, 37 CT2HENEL-. EDHRIZT—7 VBREMYBKRE . REFZHD PBS T
2 EI3E% LT, B2IREBAC T8 PBS Zifif-LT=,

- WV EAS—SUTavva

BIOCOAT CELLWARE MOUSE Collagen IV 100mm dish Z{# AL 7=,

2ZUTavva

N||

BIOCOAT CELLWARE MOUSE LAMININ 100mm dish Z{#EL7=,

* PVLA Tawia

PVLALOMg (225 7K 100mL Z#MA . —BRIB#HFLIBMIE -, 2D 100pgmL DBR%E
0.45um D74 JLA—THiBEFE L. 100mm dish (FALCON 1029) [Z 10mL A0Z 37°C T 2 KBS
MELTz, TN PVLA FREBMYKRE, MEFAHD PBS T2 Bliki%ELIz, SIREH<z0
PBS Zimf=L1=,

- EHS-gel Ta4via

100mm dish (FALCON 3003) IZRTHIZ EHS-gel #ZfmLTHE WMzt DZEFEALT =,
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EHS-gel D EFH!

YR EHS AEDHK

EHS AEZRIFLI-Y O RZMETER L=, YOV ADKRERZERKTHEo1=E. 70%T52/

—ILDIRIZHIETIORERLI-. ABETELALEYIVADERIRDRELEIFESHELEL L

Y TRIL. AEZEYRKEEBZRRL V=, 5 PBS O HIZ, 0.5cm A5 1.0cm HDORELT A

Ntz CORMRTHREEFE > T N DB T ELVRABEZEAT, #EM (T 10mL O

DIV ICRED Aof= 1xPBSIOML ZLvh, SO oL A TREZ A ELT=,
RITVIDIZ 196 DEZfHTRIBRDIREEITUOSOISHIAER LTz, SI2 21G D#t%E

FoCTHEEHDIEE 2 EEYERLI-, COREBERAREIVADERLIRHAIC—ARDEIZ

0.5mL ZBRICLTESILI-. BF 1 ¥ ABICH#AL, RYDRWIERF-80CTR7FL =,

nj;
H]

<) R EHS AEMN LD EHS-gel DFRR
A
High Salt Buffer (pH7.4)
3.4M NaCl
0.05MTris
4mM EDTA (ethylene diamine tetraacetate)
NaCl 198.6g. Tris 6.0g. EDTA 1.48g # 7&K TAfEL. 12N HCI TpH74 IZFARBZ £ =%
1L [2L712,121°C. 20 A —FIL—TREAL. 4 CTRAELZ. EAZA. 1/100 BD

200mM NEM (TFE2SBB) &R ML TAW =,

200mM N-ethylmaleimide (NEM) (2 BEA&L)
0.3g NEM # 12mL DFZ/KTHEMEL. 0.20mm DA TL T4 )LA—(ADVANTEC Cat. No.

13CP020AS ) CA@BE L=,
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Extraction buffer (pH7.4)

0.05MTris

2.0M Urea

0.15M NaCl
Tris 0.99. Urea CRILZE S 45#R) 18g. NaCl 1.32g Z#& B /KIZiA#ZL . 12NHCI T pH7.4 [Z5R
#BikeE% 150mL &L71=,0.20mm O=rAt)LO—RXT1)LZ—(ADVANTEC Cat. No.

A020A047A) THBEEL . 4 CTRELT=,

ERICAWV-BEREIRTAH—ML—TL. TRTOEEFTETHRYRERETITo =,
-B0°CTHRAFLTLV= EHS AEH 30g ZMEFAHDR/A—TI)LEAWNT 50mL ELE
(FALCON 2070)6 A&[Z#L 5 &2 (25mL) ® High Salt Buffer TR AV ZRAWTRES
AX LTz RURAD D HAF D)= ARUFHT 70%ITR/—ILICLIES DT TRE LIRS
HH ANz, 729 )LA—42—R 0 # (HITACHI  himac CR21, A—%— 50F6A) T 4C.
5000rpm. 10 S EIDELEL T, B EBRMERD =, COREEZ 3ECLHMEYIRG L
[Z&Y. FBUEMELTKoT=. TOERTAMEABYMEZFE (30mL) D Extraction Buffer Z 0
Z.100mL AT LHRICHEL ACTRE—5—ZRAVNT—BIRHLI=. RICCThETVT L
A—A2—=LHET 9500rpm, 30 A EIDEDE T o1z LT OREF V) ROFRHNTITD
fzo REABMED LBESZED ACOREFH 1xTBS 5L THEM LIz, Rt
(THEZE (30mL) O Extraction Buffer 0. 1 [E B &EHRIC4CT—HE®HL, LEE
NEROREFH 1xTBS 5L THEM LIz, BTIE TN EL O LBESIZDE 4 BIREYRL
BRICIEYMEEEELL Waymouth's Medium 1L T:EH L=, BE DB ®RET7>S /L0
—3i&E M8 T 9500rpm, 30 AREIDZEDEITLN. 2 [EH D LBERZRELTELONIZED
% EHS-gel &LTz, EHS-gel ITEEN DR /B E% protein assay kit (BIO-RAD 500-0006)

% FAL\T Bradforddye-binding ;%[Bradford, 1976]IZ&YRITE L 1=,
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