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Fig. 1 Transcription regulations between mammalian circadian clock and metabolic signals

AU T RE, 1S FAGHE 5 R T LU AE T AR,
PRI IE R IS AT P AR, MeAh, R SR RN
SRV —E MEEE R, WA AR, AR
TGN I (R RE ) o, R R A B AR
2.1 £ RHEXESRRKHTENIER

AP A D RERIVE R IMAEZ AN i . a0
Brain-SpecificHomeobox (Bsx)J& A 7] LAZfg K Fr i f4
201K 1K A 22 25 1 (neuropeptide Y/Agouti-related
protein, Npy/AgRP) i £ JutZ% /Lol 15 A1, HHFF0 R B,
Bsx HEDAIAR 0] LAE M AT A& 3l 11, AT L Bsx K]
Z 5T e . Bex BEPRAR SN B S
DRI 53 /I R A8 7= AR IR A T DAHR BT IE IR, I LIS
WIS Sh AR IR RIS, Ul B A= i ] REI AT R 35 S0 1)
75 ARG A AR S ThBE . BF AR 25 AL/ SRAE
RS R IG DL N AT % 2 R T DL — PR R IX
O 53 0T SCN HIVE I, 24 A ST 1R AR 4 Ik i)
RN K HIhRE B e emt . AN, IR N BRARIX SEAT N
T B0 LA R B ST PR 1 DR X 0 1 A DL R IR
(AR PR AT 1T B0 4 3 ) W) AR 4 e S5 AU R e 2 1)
IR R

A B0 AN ) (R AR R P A A )
S 10 TR o AR ) R S o AT

o WEFURBL, WFLEh WA A G WT I
L. MEWTALZR A 5% 21 109% [ KB R IA,
I HEAT W S L U S R0 T A 41 g AT
VAR REAR A AR IL B 5 D, S i ] IX 2 4h
A B e A PR S PR R S T R E AT
AR X BEUE R, SR E, W
JBe iy F s BRI R MR IBCER . R R T
B M FEME WA AR W, W eI
BB 17 T, 32Xt 3 ol A W P £ A KN A
L ARSI AL ZA R ATP IR 2 PR sl i —
JRUIA - g Ak, AR B REE T 1 YA AR SC B 1Y
RIE SR E USRI [ WA Q. = IERACH 259
Leg FACHE . =R A st S il 2 B A QAT
REAE A GE MR R U TP LA LAt A JH A1 21
A AT RE R P, G R REATRE I IR AL g . 4
Mt RE N LRGN LB A R
SRR R R 5 M L 6- T IR T 2 1 e
SEAEA, DU ERRR LS AR W A phons - SR
5 DL RAC I R AT A E B A

SRS, 55 AT ARG SC R 32 K 2t
SRR, BRI/ B AES EE UL R
CR A IR AL A % 52 7 mRNA H ZRGE T AT



192

FORIN, TERRT IR 49 2 A, il —F 2
WHERIEN, I HAS AL MR AF e — e 22 7,
T AX e Sk DRI 1R 15 A i 5 i 0 7 AN R s 0k
FIRE K, X WU E FE 525 Sl St A B
P ) ST AR AR (W B R I AE A B R
2.2 b3t 4R LR 5T Th BE RO 220

At L 2R AR D) e A A B A
o AHORIEFHR H, A= I DRURI 40 A7 3% %6 2 1)
126 3 1] e AH DG4 2R R AR D e 28 .
i1, Clock & P51 AR S5 /)s BT BBl Ik frde 05 23 JHF U 1)
BRA AU M3 i, 3B Clock JE DR AR 525 3 3
AR DI BE R B . b4k, Perl Al Clock JE[A A5
AR 10N B A S S M R IR () 4 e
[Al c-Myc. cyclin D1. Wee-1 £i& F [, Min5 5%
U T RER) T B

CLOCK/BMALIE A =4yt s it i 45 A% L e
fF, BT R 52 G 8 A R B R A 1 AR
(reactive osygen species, ROS) 177 2 k¢ % i 40 Jif A=
Kb, APy B PR TS A5 0 ROS (1™ AW 2 Jl ik {f
Lo JULAH ) Bmal 1 56 PRk 2K (R AT 5 ] W] RO'S )™
AU BA B LT 00 1L 55 ) RE R A 1) sE M $ AL T — 58
A . O ULAH BRAE B AR KA, SLAE o
FEPRIFIA W] LA fig B AR 1R 9 LA % B- 28 AL AR
P figf 2 [A] P70, i CoJUL AR v Bmal 1 56 R e 2k
&, B- AL, S ROS B, A T BE R
A ) B PRI DG H R AR 2, XA T B2 s
ROS [#tk.

TR R 22 (PRI IR S AR ) I (R £E HAth 41 2R
Tl R 3 R OCEEER . B, Bl AR
Wiy LS B- S8 A0 OB IR A < TR) IR o ARy Bl
FERIE NG T A SO 2 b il A — 2 IR H, tRRERE
B _ERRRIBEAR I Th e . HhAh, LB IR RERE I L
iRt T T R L2 fi, 1o e LA A H At AR R ZH 2R i AR
VB T A R I R AW (1 308 0 8 AR e
DRI AR S ] b 2 B IR HAUKE 95 2%, 2 o)
REMI AL AT e 2 5 DA MR DS I AR A A1 2 A=
Vi AH 0 2, AT SRR E TR L.
DAL, DA B IE S A i R AR Dh R
FOREEIIE.
2.3 EFKEXEMMHRRIRIER

U RGO AP A R T X
MR AT /N U I, F8 N i % L T R S 255 |
BRI A5 AT i Bl A AR A BA KB

J6 SRR B A A R N G T, IX AT Ry R AR
A5 AR AH SG A 2R rh AR ) i B DR S 1R AR A0 A S A%
W AR RIS R AR — e, th Ak, AR
B IR BTG W] L 50 SCN R IAH, Al HAE
A& B I RE K o 25 Bk, A=t FAGET &
e AR B VIR 2R, P98 AH AR HTAH B 5,
BLAA B 47 1 3 2 40 57 R 855 (1) A2 K

TR 22 e S DR 1 (U A% 32 AR e o) B 4 sl AR
WA A U N, I LR AT AR A oS4l 4y o
B, 6/ B 5 A AH DGR 4 2R A% 2 Ak
MRNA H &SRR IR, AR 2
FEAK AR, IR LeAZ 2 AR A e g 10T« 4EAE 2R LA K
RV PR O A O N, 2 AR R & . BIF9T
UESE, IXEhZ 52 Ry — 28k 5 A W)z Ol A7 A
BHENECR, K, X2 A0 G525 T 8
5 R AR IS [R] R G ) i AR A R

A SR TR S, o AR A A2 i A S48 ) T 2 A
(peroxisome proliferator-activated receptor, PPAR)1/}
[F IR 1 PG C- Lo 71N LB W) A Wb i 42 07 Tl
A EEAEH, PGC-lo A& HA RA% 5244, {H2
EH AR R, AT DL RS AR I, O B AR
BT FHAA B TR DR 5 TR 1. PGC-1a
T 0 ROR £ I8 M 1 — 28 il Bmal 1 1)
Fiko HHET PGC-1a 1T i< S EUHIE AP Bhys
AL, W] PGC-1au =& T A W Bl Dy RE T 6 75 1)
1M PGC-1a X 1R 22 M B (5 5 AR BURK, W 727K %
TS DL AR AE, v LA IR 2 A 20 h i BE AR
1, DRI AT RE AR KA 5 5 A A b Dy RETE R ke 1)
K 4y .

T B S 2 T AR B, 4iBmall
% s 52 21 PPARa Y, T PPARoE i I A 3=
BT R, BeAk, dE R R AR AN LAZ A4 oretinoic
orphan receptor o, RORa) 1] LLii i 5 RORE J& 8l
gtk Bmall 15 s K32, 11 RORouAT LA 5%
WL I RE T () e il DL S il A7, X Se R mT LI
AU RGN AR IR Rk . W FTUE W AR 107 6 1k
TR FR R 25 2 AR Rev-erb o 518 0, 16 Y
AT BEAE ARG LA S HERF I 7 40 M 5 20y T R 4
SRR, Ak, B R R 3(glycogen syn-
thase kinase 3, GSK3) 1 A AR 1 3 2 45 87, B
AT DASE Wi SR ) A= Py b A, 3 SR 508 B e mT BAAR
7EREV-ERBa RN, X U6 W] A= o 5 JBe 5 3245 5 1Y
W 2 1855 2 [ v] e B AFAE A — e B R,



AR A5 W FL B AR (I 9] ) 2 o 9 0k e

193

W FUE R ILE b W Bz Bl 2 vl LATS AR Ah G
FEM4N it Perl BERRIFsmEIERIL, I HBEA RO
AR IR A0 JE A a2 4 B 2 4 R A 15 1)
B 2 — W B TR R S s R T R B
A, eI A 230, 4 F RS2 44 aretinoic acid re-
ceptor o, RARa) F14E FH 252 {4 o(retinoid X receptor
o, RXRo) i i B #% 55 CLOCK i H 2R {4 NPAS2 45
G W) 7 LA T CLOCK(NPAS2)/
BMALL [Fy&E TR0, I I I 9L 2o, & SBEL
B} SIRTL 7EM LA A el 5 A AH G Sk PR 11
WO 26 81 R R A R Sirtl & RERE Sir2 (11
PRBETR, A2 ph AR % LB A 5 1 1 A o A P A%
K7, SIRT1A] UL 5 CLOCK B #2454, I HATBMALL
MIPER2 2 LA, Kkt — 2 W SO IR T
sirtuin s 15 AW B2 1R AR T A DL R LA
TS TR AR P A Th L AE T . AT, AR AR
FTAF AT LLRAE R T A m%h, s IR FEFDE,
TMAERF AR REE o

ZE TR, S AR 5 0 AR (9 s F nT
MBI LERIR, O RS h P4 0%
BB 55 - B R B st I %, BV BMALLL FI CLOCK FE Jik
TIRARG A B HE Per SE Rl Cry JEDK] 1 s Fl Rev-
erb oL R R 55, 8 1 TR B — 2 W 5 BHIBT &% B
(PG 55 o AR 5t n] DL 5 T A= b, g%
HKt%Z k. A, PGC-1la. PPARo 1 RORo # )
DU EE Bmall 1% 5% %1%, PPARa Al RORa 1 il i
5 PPRE 454717 Rev-erbo %6 5535 7k, GSK3 %t
REV-ERBa )i 1A — & M, 1 RARa.. RORa
SIRT1 %f CLOCK/BMALL - E ARG A — 2 1
WER o BRSBTS AR T g
S5 TR RS . L, EWeh REGRE
TR 2 M ARG B VN AR, M TR AH A A ML
PR GERF AR AR
2.4 ZEEFYREIANIERTRIZIER

BEAE B IIERN, BFFEN 53 R IR, AN A4 P AR
WA AT LU il FLah A e R 4, i A5 208
Wy Jgi A vl B R FLSh P AR ) e R S AR )

T2, RATREVE AR P Be R ) R BORIE, e R
T B AHRE B o 5 e R K B, H
Z R E, O A B LR I R IE I AR RS TR
3AN/INESF, E B ey A TT LA R A 412 e A= it
FHRIR B, AR F0IE I, FATZTRE AL B S, rat-1
IRET Y4 Perl Fil Per2 JLpR A& N, 3155k

PR IR, WIS, PR AL FRIE Gk T Lk
ST 7 (I TIEGL, VDUPL) ik 1 L {02, {5 1
BT REER Perl Fl Per2 ik N 2<. XA Bk
IESIIPNTH S RSN % TN E 2 FAN =S i 1D
S ARG PER2 5 HE A M, A B i P M £ (1)
LT, AR T LLg WS S AH I # 8h28, thah,
AR A AE S K 5L SCN H Per2 ik [H iAW (H 1 72
B, ph b Ay WL, 2R AR A LA e Bl AP 1)
L) O AR ik A R A AR .

RIERRAE AR 5 — Pl AN T P, R AT
DAXH A= A5 o AR Gl sk ) K RS ik
WETE 18 PRI S W (R R A AR B 2 IR) J5 K
B, K 5L SCN FIHTFIE A Per2 3 I A8 I 1) 1 % A=
TR, B R AR T DL AR AR B

WA BARAE TS 77 U B, AT s b A 4k
N E . Dahl E U8k 2 s
I A ABE TR, 3l s Dah R BRUER K R £ s Eh i k(4%
NaC1)6 J& J, 5t AL AH Eb, i e 1 A2 £ i 15 14
I, I H O RS i Per2. Bmall F1 Dbp ¥
i 8 25 /N LI A 3] <K B B AL 3R N
J&, XFRTINAL S R G5 h PER2 (K15 4 AAT S0, il
WG] L, e R R B AT LA 0 A P T R 55, (HAS
Rl A A ) .

A 7 N R 5 TS ) o) — B AR R
(R HE N S ORI, WA B4 N mT DA | S 1 22 AR 2
Wb AT A AR A, GniER  PRMEAEER A
WS HIEHE K RAL, MRS s 88 T £
RBE 1) AR B b B BRI IEN-c ) 15 R AR T
WS IR 8, PR 1 AR % A7 40 R v T PRl
I RSO I, IR ER NIE 25 5 B K 1 22 X 35
£0.45 SCN v Per £ PR 234 J7 2 1) e, (%) £ 1
VR HIBLI 2 A e AT AN, A4 Tk — 29T,

GIAN, e v E [ A A ) v T e I
Wt Bk 7 B AT DGV o BRI, v I [ e
REE FEASRERE W H AT Hh A= 4 B DR (Per2 A1Bmal 1) A
J 5L R (Dbp Al E4bpd) )5 ik, (H S S fliet
VI S B A - 1(Pai-1) KL & _ETHBA,
Pai-1 & — MR N, e mRIA B S AR
fiF A F BEACRI Bl K ok AR A A AT DG o BRI, I L 3] T
T 2 IFA M A P B TR IR Rk, AR 23 5 AR )
PRI, I nT 6 S 2l kR FE AL .

B R 5 A R &M R 2= e AR el AE
F IS, 2 50 25 Rl AR B A AN S N R 5



194

Vi BE S AR Bl . W IR AN T LLEE RS g i
ETT CLEAT A5 5% 04, LA tho— it o ph 22
{54, AR (EUEIEAR o 0 S 3 M R IR ) 2 ik
Fatrbr, 20 B AN 0 BT 25 A0 R — S DCIRERR, T/ IE
iy HEE R U 1) %1 < B IR 2 15 | 20 4 b b A PR S 1020
G R B, W AR N I IR AL 2R3 7l e
A2 R ARV [R) AT LA 377 A2 5 3 /)N I B IR 1 < A
I ARRE B AR, AR O . MR S 4t
FIWI g PR] AT LA S 56 2 ) i e i AN 5 RS AR RS ), I
A7) A I ol DR BRI 1 <5 5 2 (1007 AH A B2, 438
B 1 B8 2 5 A e 3R e 1) I A T 45

BRIRAT A8, Gt T DL 5 A B i 45 . i
WA e N A LU T 2\ 2 SR 1) A AR, A D dr
PR RGER, & v DR B 630, e aak.
7E FHIEIE R 5 5 OB e = /N B, SO B35
B, H AR A2 2T AN FIRR B AR, AT 5 B i 1)
TRHG AR T A KR, U0 & IR R I SCN LL
T 5 AT AR S I IX A B I % . S8k, AT T
SR RGN 5 — N R, AERIZ = 1)
ANERHR RIS AT I TR 40, (R PR IR AT S, 17X
PR FAERE B SR HL LS Bt Ok T, B e AE
YEFE A S AT IR A R AR A,

UEAh, o H R A A Ak PN 4 A 3 A ) (A R
HHE] P24, AR AT DA R 4 A B TR (R Rk i A
‘B AT BAS E-box £ F /N BT 4E 40 B ZR NIH3T3
20 o Perl Fl Per2 [FJIAR, Fi4b, 4 B ERIE v LA
5 A P LR AR AN I i 15 5 T L4 B Per2
FIARIAHII B 200, HZ, ik 4k IR 32 /& RARa
ECRX Rouf1 L 41 > i3, 4 HH e 1 i N 2 e A P
ZHEE G EHBMALLTE S+ 455 CLOCKEUNPAS2, iX
FhAH HAE F % HICLOCK/NPAS2:BMAL L5 5 77 24 )
A=) R R 0 R A AE

UG TT L, 25288 2 JTO6 AR e B TR ik i
AH PRI LA R A5 5 A e i R R,
DRIE, A R fr, BRI SR . sk e JIE [
KAWL IRE RN, SR LERE )80 T 2 4
EZS ANy S IeE <P as VST

3 EMHMSEFRAEHEXRRIXR
BEAT BRSO 25, Ay R 3K AL T R
R K, SRR R o I PR AT 0 T
UES O MBI RO I A 5 A LA K, 1
BV BTN AR S 2 A 3, T LA

RO e, Lo LA R R AR A e, T B AR
BRI A E W] R 5 DEEAC AT A 27 A AR AR
LA

A Aok 25 L 2 ] 5 i A AT DG S AR
JPES PR A S A R IR - — R BUBFIUIESE, 2E
PIBIEAR 22 A B R A B AT, A
BORAE T MR KT b, B AR JRIE SN 2T 4R
VAR AP . A SN EAS T 2R Bhons
SR R 12 1 R 22 BB s vy 7
N5 T, DR A BT 6 1 A PR AR A e 2R R
T BB R, I A Bions OB A 1 5 45
PG 1 BOHH 288 B 1 5 2 SR B
DRI, G SR ) B i 1 AR AR A 0 B e 0y 17K
(0 S, RABCH AR ALY e S PR30 38 1 5 2 2 S
PRI IRRGYT 2, TTRES A BUIR ST PRI IR 5 s

WL KB, AR A BN T) 5 SR SRR TR 5 1

FLIEA B, I PRAIF 9T 248 TF AR ST R I LA &
M-S AT B (1) LA 2 5 2 P SR AR R L R AR
CRAIE, S5 W, HEHHT (5] R 9800 55 B A4 T i i 4
(Body mass index, BMI)f54 L T4 5K, i PR Al HEHR 25
A P 4300 R G0 T AR LA SR i St P R 4
R AR
I IR R I, SCNEAT JE 2L 2 A= e R R IR 25
SRR LA AR SR PR T AE DL MR R 5
AN N R TR S A O, B PR X e A
Y8 FRAE AR IR 23 Wi B 3 N a S IR N Rl e AR
PEAT ARIPE L IR RN v AR A A AR 2R A AE, B
TR P I I A0 A b A= ) B S (R (Clock . Bmall,
Perl. Per2. Cryl fl Cry2) ittt L&A
M3, IR, = IR LA AR 2R G AE W] RE S 7E
SR AR o T HLRI IR L1 0 308 3 A P B i 4
ARG AR . SIS, TP R R
93 /1N BRI R 2035 DR S 5 Ak, (R - JE A
FIE F D1,

4 INEFIREE

BSOS I T A= AT ST R AR, o iR fE AR
RHEEVERIE ST, J 2 AR N, I 8] A2 27 3 (s Y i
N eIk, R R A et ) i BN H 2 R 2
T A% 25 A AT O o rB s« et s AR
SEIRVRYT T I, B A S AT R IX SR S B K T
[ ANERR A o 534k, Rdl oy DL B n] LA



AR 25 W L) E IR A K I ) A2 2 50 e

195

BFE RN D BE, L, T ey & s R
LSRR R R bl (AT 6 2R 0 n BLIg Ty
CAAEHUAAR IR 8- T2 B BEAS 21 SE A k4%, AT 91
RS I s e IR A5 22 B, 5 A B A

{EE, B BAH AR ST R AR Rz,
FCHARRIE ] SCAE e o5 . RIS AN TR
TIHLBDEATT M5, At — 2D ORI - 1X Lt
77 181, S A B T S R AR A B LA ) TR 454
Mo BUUNAERT 7 AR B RTRE A Qi R s 32 20 B
LA R G RS EI T, A 22 BT TN,
FHF AL I 58 G M A 5 A P BRI i R ez
(] [T, 0 3 XA AR DG S BT 5, i PN
Poih ke DR A S ok NS PR ML S A 2R LA O
PRI RIS R bR, A A BT A AT SO S BoFTi
WFFE )5 18] -

&3 32k (References)

1 Ellingsen T, Bener A, Gehani AA. Study of shift work and risk
of coronary events. J R Soc Health 2007; 127(6): 265-7.

2 Allison KC, Crow SJ, Reeves RR, West DS, Foreyt JP, Dilillo
VG, et al. Binge eating disorder and night eating syndrome in
adults with type 2 diabetes. Obesity (Silver Spring) 2007; 15
(5): 1287-93.

3 Kohsaka A, Laposky AD, Ramsey KM, Estrada C, Joshu C,
Kobayashi Y, et al. High-fat diet disrupts behavioral and molecu-
lar circadian rhythms in mice. Cell Metab 2007; 6(5): 414-21.

4 Ni YH, Wu T, Wang L, Xia LQ, Zhang DP. Advances in inter-
actions between glucocorticoid hormones and circadian gene
expression. Yi Chuan 2008; 30(2): 135-41.

5 Wu T,Jin Y, Ni Y, Zhang D, Kato H, Fu Z. Effects of light cues
on re-entrainment of the food-dominated peripheral clocks in
mammals. Gene 2008; 419(1-2): 27-34.

6 Wu T, Jin Y, Kato H, Fu Z. Light and food signals cooperate to
entrain the rat pineal circadian system. J Neurosci Res 2008;
86(14): 3246-55.

7 Wu T, Dong Y, Yang Z, Kato H, Ni Y, Fu Z. Differential resetting
process of circadian gene expression in rat pineal glands after
the reversal of the light/dark cycle via a 24 h light or dark period
transition. Chronobiol Int 2009; 26(5): 793-807.

8 Dong Y, Wu T, Ni YH, Kato H, Fu ZW. Effect of fasting on
the peripheral circadian gene expression in rats. Biol Rhythm
Res 2010; 41(1): 41-7.

9 McCarthy JJ, Andrews JL, McDearmon EL, Campbell KS, Bar-
ber BK, Miller BH, et al. Identification of the circadian
transcriptome in adult mouse skeletal muscle. Physiol Genomics
2007; 31(1): 86-95.

10  Zvonic S, Ptitsyn AA, Conrad SA, Scott LK, Floyd ZE, Kilroy

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

G, et al. Characterization of peripheral circadian clocks in
adipose tissues. Diabetes 2006; 55(4): 962-70.

Kalsbeek A, Ruiter M, La Fleur SE, Cailotto C, Kreier F, Buijs
RM. The hypothalamic clock and its control of glucose
homeostasis. Prog Brain Res 2006; 153: 283-307.

Froy O. The relationship between nutrition and circadian
rhythms in mammals. Front Neuroendocrinol 2007; 28(2-3):
61-71.

Yang X, Downes M, Yu RT, Bookout AL, He W, Straume M, et
al. Nuclear receptor expression links the circadian clock to
metabolism. Cell 2006; 126(4): 801-10.

Gorbacheva VY, Kondratov RV, Zhang R, Cherukuri S, Gudkov
AV, Takahashi JS, et al. Circadian sensitivity to the chemo-
therapeutic agent cyclophosphamide depends on the functional
status of the CLOCK/BMAL1 transactivation complex. Proc
Natl Acad Sci USA 2005; 102(9): 3407-12.

Doi M, Hirayama J, Sassone-Corsi P. Circadian regulator
CLOCK is a histone acetyltransferase. Cell 2006; 125(3): 497-
508.

Durgan DJ, Trexler NA, Egbejimi O, McElfresh TA, Suk HY,
Petterson LE, et al. The circadian clock within the cardiomy-
ocyte is essential for responsiveness of the heart to fatty acids.
J Biol Chem 2006; 281(34): 24254-69.

Oster H, Damerow S, Kiessling S, Jakubcakova V, Abraham D,
Tian J, et al. The circadian rhythm of glucocorticoids is
regulated by a gating mechanism residing in the adrenal corti-
cal clock. Cell Metab 2006; 4(2): 163-73.

Sakkou M, Wiedmer P, Anlag K, Hamm A, Seuntjens E, Ettwiller
L, et al. A role for brain-specific homeobox factor Bsx in the
control of hyperphagia and locomotory behavior. Cell Metab
2007; 5(6): 450-63.

Ramsey KM, Marcheva B, Kohsaka A, Bass J. The clockwork
of metabolism. Annu Rev Nutr 2007; 27: 219-40.

Liu C, Li S, Liu T, Borjigin J, Lin JD. Transcriptional
coactivator PGC-1a integrates the mammalian clock and
energy metabolism. Nature 2007; 447(7143): 477-81.
Canaple L, Rambaud J, Dkhissi-Benyahya O, Rayet B, Tan NS,
Michalik L, et al. Reciprocal regulation of brain and muscle
Arnt-like protein 1 and peroxisome proliferator-activated re-
ceptor alpha defines a novel positive feedback loop in the rodent
liver circadian clock. Mol Endocrinol 2006; 20(8): 1715-27.
Kohsaka A, Bass J. A sense of time: how molecular clocks organize
metabolism. Trends Endocrinol Metab 2007; 18(1): 4-11.
Yin L, Wang J, Klein PS, Lazar MA. Nuclear receptor Rev-
erbalpha is a critical lithium-sensitive component of the circa-
dian clock. Science 2006; 311(5763): 1002-5.

Zhang R, Packard BA, Tauchi M, D’Alessio DA, Herman JP.
Glucocorticoid regulation of preproglucagon transcription and
RNA stability during stress. Proc Natl Acad Sci USA 2009; 106
(14): 5913-8.

So AY, Bernal TU, Pillsbury ML, Yamamoto KR, Feldman BJ.



196 S
Glucocorticoid regulation of the circadian clock modulates terol diet enhances daily rhythm of Pai-1 mRNA in the mouse
glucose homeostasis. Proc Natl Acad Sci USA 2009; 106(41): liver. Am J Physiol Endocrinol Metab 2004; 287(4): E644-51.
17582-7. 33  Shirai H, Oishi K, Ishida N. Bidirectional CLOCK/BMAL1-

26  McNamara P, Seo SB, Rudic RD, Sehgal A, Chakravarti D, dependent circadian gene regulation by retinoic acid in vitro.
FitzGerald GA. Regulation of CLOCK and MOP4 by nuclear Biochem Biophys Res Commun 2006; 351(2): 387-91.
hormone receptors in the vasculature: a humoral mechanism 34  Davidson AJ. Search for the feeding-entrainable circadian
to reset a peripheral clock. Cell 2001; 105(7): 877-89. oscillator: a complex proposition. Am J Physiol Regul Integr

27  Asher G, Gatfield D, Stratmann M, Reinke H, Dibner C, Kreppel Comp Physiol 2006; 290(6): R1524-6.

F, et al. SIRT1 regulates circadian clock gene expression through 35  Tasali E, Leproult R, Ehrmann DA, Van Cauter E. Slow-wave
PER2 deacetylation. Cell 2008; 134(2): 317-28. sleep and the risk of type 2 diabetes in humans. Proc Natl Acad

28  Waddington Lamont E, Harbour VL, Barry-Shaw J, Renteria Sci USA 2008; 105(3): 1044-9.

Diaz L, Robinson B, Stewart J, et al. Restricted access to food, 36  Buijs RM, Kreier F. The metabolic syndrome: a brain disease?
but not sucrose, saccharine, or salt, synchronizes the expres- J Neuroendocrinol 2006; 18(9): 715-6.

sion of Period2 protein in the limbic forebrain. Neuroscience 37  Broberger C. Brain regulation of food intake and appetite:
2007; 144(2): 402-11. molecules and networks. J Intern Med 2005; 258(4): 301-27.

29 Iwanaga H, Yano M, Miki H, Okada K, Azama T, Takiguchi S, 38  Satoh Y, Kawai H, Kudo N, Kawashima Y, Mitsumoto A. Time-
et al. Per2 gene expressions in the suprachiasmatic nucleus and restricted feeding entrains daily rhythms of energy metabo-
liver differentially respond to nutrition factors in rats. JPEN J lism in mice. Am J Physiol Regul Integr Comp Physiol 2006;
Parenter Enteral Nutr 2005; 29(3): 157-61. 290(5): R1276-83.

30 Arjona A, Boyadjieva N, Kuhn P, Sarkar DK. Fetal ethanol 39  Yanagihara H, Ando H, Hayashi Y, Obi Y, Fujimura A. High-fat
exposure disrupts the daily rhythms of splenic granzyme B, feeding exerts minimal effects on rhythmic mRNA expression
IFN-gamma, and NK cell cytotoxicity in adulthood. Alcohol of clock genes in mouse peripheral tissues. Chronobiol Int
Clin Exp Res 2006; 30(6): 1039-44. 2006; 23(5): 905-14.

31  Spanagel R, Rosenwasser AM, Schumann G, Sarkar DK. Alco- 40  Ando H, Oshima Y, Yanagihara H, Hayashi Y, Takamura T,
hol consumption and the body’s biological clock. Alcohol Clin Kaneko S, et al. Profile of rhythmic gene expression in the livers
Exp Res 2005; 29(8): 1550-7. of obese diabetic KK-A(y) mice. Biochem Biophys Res Commun

32  Kudo T, Nakayama E, Suzuki S, Akiyama M, Shibata S. Choles- 2006; 346(4): 1297-302.

Chronobiology Research on Mammalian Nutrition and Metabolism

Yin-Hua Ni, Tao Wu, Li Jin, Bo Yu, Fen Zhu-Ge, Zheng-Wei Fu*
(College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract Chronobiology is focused on the time mechanism of physiology and behavior which are mainly
regulated by the circadian clock. Metabolic processes such as glucose transport to gluconeogenesis, adipogenesis,
lipolysis and mitochondrial oxidative phosphorylation are controlled through overlapping transcription networks that
are tied to the clock and are thus time sensitive. Conversely, metabolic signals also feed back into the circadian
system, modulating circadian gene expression and behavior. Dysregulation of circadian rhythms can contribute to
various diseases like cardiovascular disease, obesity, and diabetes. This article briefly reviewed the researches on
the interactions between circadian clock and metabolism and nutrition by the relationship between them, the effect
of several kinds of nutrition signals and nutrients on biological clock, and the connection of biological clock and
metabolic disorders.
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