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Progress in the Studies of Circadian Clock Regulating Matabolism

Xiao Liyun, Jia Zhaojun, Wu Huijian*
(Dalian University of Technology School of Life Science and Biotechnology, Dalian 116024, China)

Abstract Circadian control of physiology and behavior is required for a healthy life. Accumulating evi-
dence in epidemiological and genetic suggests that the disruption of circadian rhythm connects to metabolic disor-
ders. Circadian rhythm is controlled by circadian clock constituted transcription-translation feedback loop. Circa-
dian clock controls the cellular metabolic process by two means as followed. Firstly, circadian clock regulates the
expression of enzymes that modulate the rate-limiting steps of metabolic pathways and those nuclear receptors in
relation with metabolism; Secondly, circadian clock may interacts with nuclear receptor in metabolism as transcrip-
tion co-regulators to activate or repress the expression of metabolic genes. Although circadian clock orchestrates
multiple metabolic pathways resulting in the circadian oscillations of metabolites, the availability of metabolites
can affect the expression of circadian clock in turn. A further study in the crosstalk of circadian clock and metabolic
may provide new therapeutic strategy against metabolic disorders.

Key words circadian clock; metabolism; circadian rhythm
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PR GERR R BT AR, L S R B R GE
AR B R AL TR B R AL TR AL
X I #%(suprachiasmatic nucleus, SCN), 1% [X Jak £ &
10 000~15 000/MFI£E TG, BRI IS A, 7 /E
(R P T A B P R~ DGR . SCNEFR IS
H S AU A8, ed ] DOl ph i e, 4 il
ARG IRAT W A I B R GE . A1 R I B R Gi A
TET e O IR 0 55 ) LR T AT B AL 2R 88
o, AEIX S A e AR A T HR

FRIAIZ, FF HAREAE i i sl A A BUIR A 10 SE I o
IR R 22 TR AT 98 2 R Ist A 22 0 B s BT
AR RBR 5 9 BLARAS A O, 1% 055 LR S AL S AT |
MEMRZ AL AR SR S A IR o

FE5r TACY L, BB YERR O — R B IAH
HL R () IR b R 1 A PR A SR — R B S B (I
D)o X IERER A FT I 24 i 2E i By U AT T
Moz —o HAT, /I8 E e i A
fuFF CLOCK (circadian locomoter output cycle kaput).

LU R SE R Ik . PR I Bl R RN A A b
ARG AW A AR FL 3 (R i A A A S A

BMALI(brain and muscle ARNT-like protein 1). [
1t 2 (cryptochrome, CRY)Zji&% (CRY 1 f1 CRY2).

NAMPT

)

Nicotinamide

Rev-erba
Glut2
Hmgcr

Ppara Metabolism

Bmall

G6pase }
Pgclo

CLOCKHIBMAL1 24 A 5 AL 47 S SR AU O e s IR 77, BRSO A% 3R T A SRR 45 R 7 i Pery - Cry I Rev-erbo 5 FE IR I 63k, 33k ™12 1)
PERMICRY Bt J5 A K% 15 5 — SR AACLOCK/BMALI 45 & I 4 HIHZ S S W0 e skl Vo 634 (FIREV-ER Boditll 3 1M I 45 & #UAE R A 2 7 |
RORN 2 JCA:, M U035 DR ., T 48 35 DR 5 A QAT G JE IR (W G 6pase R Pge o) VS0 5 AR G [N (1 Bmal ). BEAh, 5701 Ak 5 R 17
TINAD W) A 2 P BRIEFENAMPT (K% . NAMPT IR AT HEE SR 1 2 BINAD ZKCT (K B4, A PR 1Y 25 Z BEALBESIRT1
[#)3%¥k. SIRT1HE5CLOCK/BMALLA: &, P H s 5 A i ok

CLOCK and BMALL are the central and positive transcription factors of the circadian clock machinery which regulates the expression of negative
regulators such as Per, Cry and Rev-erba. These gene encoding proteins PER and CRY translocate into nucleus and form a complex to inhibit CLOCK-
BMALI mediated transcription. REV-ERBa binds to the promoter of target genes through RORE (ROR element), and inhibits the expression of
metabolic genes (eg: Gopase and Pgcla) and circadian clock genes (eg: Bmall). The circadian clock controls the expression of nicotinamide phospho-
ribosyltransferase (Nampt), which encodes the rate-limiting enzyme in NAD" biosynthesis. The circadian oscillation of NAMPT levels results in the
oscillation of NAD", which changes the activity of SIRT1. SIRT1 binds to the heterodimeries CLOCK and BMALI controlling the expression of clock-
controlled gene, including metabolic genes.

Bl BERTEHSNREENRERATAERESE 3211550

Fig.1 Crosstalk between circadian clock and metabolism(modified from reference [32])
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PER(period)Z % (PER1. PER2AIPER3). f#4£: PAS4E:
FJ48 55 1 2(neuronal PAS-domain protein 2, NPAS2).
REV-ERBo. P&z FRI M 1 &(tyrosine kinase 1 €, CK1g).
I 2 I 18(tyrosine kinase 1 8, CK18)55M, 7EIX
SO Bh A 2 R AU IR T, CLOCKNT BMAL L
1 PAS(Per-Arnt-Sim) X B il — R AK, 1E 3N
TREA B LE 1) 155, BUIES & BB KL R E 3 7
E-box(CACGTG) Fi75 3 HARIA, 1K Lepjz KL v
Cry M1 Perdi ith ™ A= IR 2 A A SO 1) B0 70 17
MNP A, — H 40 i WPERMICRY £ 119K Ji i
b SR, XL R IE AL TR R G Nl
CLOCK-BMALI [ s il P, M4l 26 B 5 1 3%
&, WEIE T — AN e R A R B ERR Ol Tl
GBI — R0 5%, PERFICRY 2K 11 4% 25 11 il A i,
CLOCK-BMALI1 & & g b4l .
BRI AR Y 22 B A T B, (H AR
FHEBAT 9 R A8 S SR R T B A A, BT
BRI AR HAE o ARIX RS Ziakh, 3AT]
PR IR AP AZ B AE F] 2 e 52 3025 1), BAACRIIR B
PRI A 2E RS o

1 BERTEWRILIEREHES

L ARAR LA I 2 8 0 A i AR 4 BT R AR 1 52
AR, B B LA R AR T
A B T SO B AR . AT AT
7, P TAE S R G MAFAERE R . BTG R
AL 5 R NAT A BT A AR D, (615
AN 3 R KT BRAG A 2 B B B R K CE T
A, /I B SEE HIE S8 T AT A S AR TR A7 AR
AR BT A L R 5 AR 1) /N BR 2 i AR AU 2R
TEFARE e, 76 R SN 1) 32 £ B 1) 5 % 1 Nt 6 U8
T2 T EUN BARE IR 2 G N,

CLOCKFIBMALI & i 5 A 42 755 4 4 11 4% 0
5 H -, CLOCKMIBMALILY) fE ) ik 25 B2 T B 1%
BRI PR R e Ak, AR — R AR
o I, Clock/Clock s 57% 71N B 24 b -5 45 B 1%
I T, AN ERUBRCE R A T
JHE I HAR I H e AR R A 2R A R RiIR, B vy ofi
BIRE . 5 I T RN IR B FE-©)s BB AR, 7R IX S8/ b 2
it s &k e E MR SR R IA &
W BT Bmallfk 2 5 B0 BB B 58 4% 3%
I, A PN DR R I R AT 0 R I R 5

IR . O TS R S AN G e T
BN IR R 14 6 &R, SadaccaG U #E T /)y BT 5K
B AR S R B Bmad 1 A5 /N Bl o T AR S P
KR Bmall () /)N B, BE A AR 5C 3 PR 4 46 0 e a2 i 1
2(glucose transporter 2, Glut2)[f) 54 15 1 P 2 18 58
AR, IF H B0 LA 0] fopl ik B2 A
B A S A1 R 53k B 1 /) B XL Y0 A 2 A R 2o
1o, o RCERE PRI, IE BN 2 B i 32 ) A0
FI W51, BMALLIZEACHE o 53 4h— A&
BT RE ST ILAE NG D5 25 e BV I, A8 0 40 i 234k
L BMALL S R Ik, BAMBmall™ /) BUIE iR 4T
YEAN IANRE 734 IR I 40 B o

1% 52 AREV-ERBa M il Bmal I3 K 1) 435, 11
BB PR S BEA R  B E E /) (5. REV-ERBa
R T B AR OB T PR Ab, 38 T AR
U AUIR I T 1 AR PR, TR B e T e e A AR
W FRIE R AL K. Rev-Erbor /N [ 7 17 8 SIS ol KR
SOGHBDGHIT, AN E RSN T 4k, JF H ARl
H RIS /N AR N IR R A C
II(apolipoprotein C III, Apo C IIT)ERiA, PLA I
FHH I = R AR 8 5 U A 1 KT e

2 BRTESIFIEAEIE

AR A e e A DG B D SR I BRI L AR
A DAL 52 A4 LA B 73 200, DR 1 1R R 74 ke s BT
AN AU I ) S I R S o TR Y R e B e
fiff (nicotinamide phosphoribosyltrasferase, NAMPT)
JENAD AW fl b #) DG B PR, & T AR e R
ik 5 BINAD K P ) P e e B AE I 9T Kk
B, Nampt{¥) 15 40t 0K 52 BV % AP eh vy i 4%, 1r
Clock/Clock 5 58A% /N B, HE R Nampr R 5 PR IK
WG R, [ A 24 5 & 1 N R 5 8 1 (aminolevu-
linate synthase 1, ALAS1)/&heme’E 4 & il 7 17 B2 38
g, & MR IR S I Bh A FAINAPS2(1 41, ko
T2 il A D B AR o 2 B e A v ) S B I, AR N
HRIE BRI BB, (A TERev-erbo/Per2®™™
KA, Z MRS BT APk R, FEUN
B P OB 4R 8 1 A TR KT, I LB S v
APl S0, I ] AR A st A v PR A 3
HE-3- FHE I e 9 A XL J5U 8 (3-hy droxy-3-methylgl-
utaryl-CoA reductase, HMGCR)[¥) 7% P 4 I A% 7
A, JF HARR R FL0E PR e e e i I BRI
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i KB TRVA T A TR IR P Ay T 28 24 4 IR R T R, e
B AN HIHMGCRIG T, 1677 R B el
AT B R T I R Y U i PR
(1) 2235 KPR AR A2 40, I BE VAT S5 AR AR K1
W2 AR IERIA, B X A% 52 AAH B VR, J0 Ik 1
1% B2 AR e SR PE I AT AR SHE B . ZEAS R AR
WA SV R I T 4551 1% 52 7R I mRNA 1) S i Rk,
FLrP 25 FIRZ 52 4k LLZH 208 S 1 5 X e v 3R,
A0 F55 1o A A ) il A 4 T ) A0S 2 A4 (peroxisome pro-
liferator activated receptor, PPAR)Z ji&k Ji¥ bi(PPARa.
PPARBHIPPARY). HfE i 2= AH 5K 52 14 (estrogen related
receptor, ERR) X J& i /2 (ERRa.  ERRBFIERRY)Z5!,
PAPPARa A 51, PPAR i 15 Jlig 117 1 4 A4 A1 33 A1 2 1
G, EMRACHE T R E R E DIRE . I4EP 8 ICLOCK
MIBMALI fig i i3 Ppara )i 3 1 HIE-BOXTG A B4
HRIEM, [ 2 PPARaA] £ 1 fig 18 1 Bmall 5 5) -
A F e A4 PPAR e . TG (PPARG response
element, PPRE)K il 5 Bmal I ) 5 3¢ 5 46, HF
FU R WIS Bl 8 FIPERS AR5 AR JC i% 52 A 4H . A4F A,
TR AR @ AR AN 5T A o R R v R 4 X
IR, PER25PPARMIREV-ERBal} [F 4,
HiBmal I I8, 71 (1 (IG5 2 23 P PER2 g 4 il
PPARY#% 33 1k, 1 H AW HIPER2 3 14 fE I i PPARy
BB DRI e o, (R b A (20 1 I 4 VR S PR B TR R A,
X I DR 6 35 10 B4 A8 1T g S Per2” /N BRUIR AR 53 3
1) J§L K] 2 —29: PER3 5 PPARYAE ], F1H|H s s
HE IR T K, 5 — B E LE Per3 /N LA
Yoy Fw, BFERE T4 N, WLAZ 2802,
BB Ah, YT AR DG AR 113 BESE kAR A
DRt S DR~ B R 1 1 B 1 TR 128 S A i 2101
AU i B i, %1 Wi SIRT 1 (sirtuin 1). SIRT1/ENAD'
R 22 CTBEAGT, BT A B R D U 1 IR 1o
BE AW FARIE, SIRT LA K 245 HERG 5, IF
HNAD K- 8 4 15 4 P i 3% 3 BUSIRT 13 1
SRR A PR %% . CLOCK/BMALL 3R 1k
E S SIRT VA BAFE H, H Bl S5 45 8 by 3L R 1) )5 3
TR AT, fEIXAS e A Y CLOCK
XTBMAL1#E AT & B Ak 15 1179, 1fi SIRT 1% BMAL1
2O 5 I G — B e TESirt1 58 /N B
JHF I v B 45 AR e 3 D 1) RSB RIBMALL ) £ Bk
P2 945 BT AR e 4h, SIRT1iE BEXTPER2 % £ ik
1k, HARBAMLI ) £ WAt & CRY 35 45 ¥ 2245 5,

{HJZPER2H) L WAk 19 it 1 HAS E PERT . X L H s
5 7 SIRT 1 R] BEAE o 4 B0 A b 1) A2 LB, AEAC I
I $E4 CLOCK SR F1 41 3 19 S AL I 98 J5E A
SRE, N U T i s 1 I AR (BI1). [RLEFE, SIRTI
A A REN — LA A OC B F EAT 2 S 1B i
i 2, SIRT 138 3o Xof ok 4646 40 Wil 164 B0 A Y00T: 52 A4
¥ 8) f-10(PPAR gamma coactivator 1 o, PGClo)#ll
Sk HE % 55 PR - OE Ji% 1 (forkhead box transcription
factor O 1, FOXO1)ZEAT & Z WAL, MM ik 158 5T
AR FOXO1fE B4 1 15 — 283 %5 B 7 28 4F
SER R IE, B B8 5 PGC Lo FH Wy R S0E B B ik
% % 1R (glucocorticoid receptor, GR)A T 4fl fifd #%
“J--4a(hepatic nuclear factor 40, HNF-4o) #4575 1,
T 5 3 A0 e A R DRI () 298P0, R, SIRT 1 fE
X FX A2 A (liver X receptor, LXR)HEAT 2: 14k, M
T3 77 A AR Y LXRIE IS 75 5 = W IR IR 1 &5
4 71 ¥ 12 /K A1(ATP-binding cassette transporter Al,
ABCAZIA, 11y 2k IH [ B AR E A 2 adi A
S B, T SIRT A 14 52 0B 18015 1 A0t
177 X, Bt LA SIRT 148 85 11 1) LAk 2 15 LUBAX
OB 7 R A A AT B, X
LB B O R AR 20 1K R B A b 5 A

3 BERTEHEREEREER

11 2% Hp T 25 B RN SRR I AR I B A
BT AEERT . Minami 55U U iE 52, /I B 2% A
H R AT SRR R . XL R
FEWENR . SRR ZEICU . Sbr L, 1Xet
AU (1) 3= B2 52 3] B 01 AL i 7 s R 42, 1 HL e
TR ERCT T S0 PR DA IR AL 5 TE 5%

HHT, AU A R BT A ) 755 Ak AR
Wit AR G b A PR 2 B BT B 1 AE 5 A
i, B G ORI DAE B R A A S N0, 28
A7, cAMPRINAD B A& B 2 775 A B i) i o A
5, FRE SO B ARB AT R 1 fERRT IR L
FsVEH] R, ATPHEAS ic AMP, 77 E [fIcAMPRE 5 1E K
S5 ARl . E TR AT IL P ZH 2 e i e A 2208 3
THCAMPYE 5 (& EHE S B A%, 1T cAMPAE I 2 Hh 43
BYVIRAS 5. [FRELESCNAN BT 2 55 41 i 7 cAMP
(IR 4R G AR, W 24324 1) 75 70 20 c AMP
(1A JEE BB A A 431 R B I DR S () W 2 R B A & 2
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TE B4 RS R 40 i, NAD 7K P44 48t
HE K Nampt (P B T AR PE R B I 4R . Wit
NAMPT ] i R0k 1 40 ) I FK 866 4k B4 i, 534
20 0 P A R R IR 2 T 11 B AR R0 2 02 s 1
A2 NAD' K fift BiECD38 B B /) B, £ Fh 4l 4L
NAD 4T 7K, X 88/ FRAT A AR () B T A
S . CD38HR I /N B K G B I )45 0, AR BT
B, LA — SO SE IR 1 A B KV 3 R AR AR AT

XL B, cAMPRINAD AMUAY 2 A 4l
g A5 S, IRt A 0 5 A 5 V4 5 B A Y
Bt RIHAT BRI T 75 I AR At e s
EYLERE LT

4 RFHATHERTEH

R 22 IR 4 R, BT A S A TR ]
AEHERR. BT AR REIR 2 G
53 B, AR A ) AT R DL Rk B AT A X
IRV B R B G, IR R TR AL R B
1 (AMP-activated protein kinase , AMPK) " ifi i
SN 4t B P ) e IR A AR 5 B AT R B IR R
EK . A i P R RS (K B AMP/ATP LU (I 1)
I AMPK A G 4L o AMPK 5 AL TF T 20 i AR
g 42 7= AEATP, JE L HATPIH e 42, 76/ RUIT
WS N B DL R R 2T 4 BEAH B o AMPK) 3% 7 1
W PE. AMPK W] LLJE i X CRY 1RICK L&) i 1R
Ak R A ARCY . AMPKOWCRY 185 A 1) i 1%
e bz RIERMFE L AR R EREEN
3(F-box and Leucine-rich-repeat protein 3, FBXL3)
WO, FEMAEHECRY 12 A0 FT R, AMPK fig
W LCK e, HET 34558 7 PER2F IR 1L, it 3EPER2
(1) A o A0 4 B R = i AR RE RS TS LR,
AMPK FE A AL T /N UV IR 2T 4 4t i vh B 445
AR ) Zek, I BB Amphk/)s BT A B
LRIk e H B,
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A, AT AR BRI . SN B
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13/ BN Ay ok AR AR AN [ AR BRI
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AR £3 AR ML B0 A AR I LD R fe
) — BT SR, /N BB 2 55 TG IAETT,
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W2, ATBRIE, S AR R 4R
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PE R S8 75 RIS 25 11N R IR AR [R) £ 4 10 /) Bl A T
TN o IXLERIE ST A MR WA TR AT: 8 ml LA
AN e

5 FIEFRE
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SRR T 48 32 00T BRI R A
(R P AR AR AR AL T B PRI, JF BB
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B A AL o TRl ol Ak, AR 3R AL
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