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o e A FHPFELGF S-6BPE6TAPNE ST dmmBF ¥ P 37 mm >
FRMT 23 OANS AR S S R d g 2 B gy e e
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A AR SR ER O GRERG ATeeL  wme T F Zf
fip e ;e ¢ (TG-rich vesicles) - @ % % 4 554 B B g (g 2R~ AL )
(Renema et al., 1999a) o M= > A 457 & FIR > T4 F AN SR > 13
0O RERRE LRy FLF AR ARG LR 43 M A
BRI R AV P REEFR USRI e o ke R €3
NAFEEE 2 R F R4 o AR 2P T B R R S
(Robinson et al., 1991 ; Yuet al., 1992a) - # 55>t 2 L B R &L > € ERES
FlESRpED ey > @ RN T Nuetal, 1992b) e ¥ 4> R FE AT
R FES EH EREINGFPETH AT PP ARE S FAE R BRA

BB UL FgAp e Frp BT " (Yu et al., 1992a ;5 Richards et al., 2003) -
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PO GPE FF T G ERPELRENENA JNE R FF o g0 d i
#ae Adiponectin AR L RPN = IR FASH F B %‘Hl« WL % i (Yuan
etal.,2006) c Flpt > F I EH G5 > SR & P BRI 5 i ST B IRAT S
FoREFTRER T SN R GARET R R AR R
it * 5 83 5 i £ 5 M0 o & R B3 g sl SR e
En BEpLMp LB A TERAN A o M*F’i%ﬁfr FREN AR ES
RKEHRA G 2@5’1%?/— UL e S ¥ S A ’i’ﬁ%é}}‘%
EHp R ETHEL G AN -
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o g AbfE(cr (glycolysis) A4 [ ARAL [ PRAEDI S e~ R SH Y 0 d PR
2 Z f* (pyruvate dehydrogenase) % [3 fit ﬁfriié fi= (pyruvate carboxylase) 2 % it 3
#iv* > @ A 4 ¢ FRi pF A(acetyl-CoA) - H 5 & 28y 9mpi2 A F (Tanaka et al.,
1983) -

FEE ST T2 A B3Nt | o AP P AR R 8 B N
VBRI LR E o MR B gl T2 g4t 18 % (emulsification) 0 f d LA
k2 Po R o HBoRE R G 20 = faH b fig A R S PR WA EL (free fatty acid)
& H fe+ @ fin (monoglyceride) o g B2 g it A4 L B ET 2 gL B R ) A R
& #c"%8 (mixed micelles) » d % BEfL5 % (mucosal cells) & qjz?g F » &2
"%k (portmicron) A P b Fn dm L 20 A5 5N B PR ORR K BLIE X 3 OMFRRER (7R
(Krogdahl, 1985 ; Sklan et al., 1989) o "#58 & = 2_ g Wppa G fig it = = faH W fig » £
B B g A -9 B B (apoprotein-B) % "EEfR S E A SR AR R Ty R
(very low density lipoprotein, VLDL) » 5o o jRiE % 3 & 54| * (Sklan et al.,
1984) -

Ll ey ALY S i R 27 B Py ﬁ;’ (lipoprotein lipase, LPL) >
#x %" VLDL P2 @Y bfas i T5dF 44 ad &d L
fig i* (reesterification) = = F&4 o fig %15 > Tl (Cryer 1981) > & %7 7 %5 e B~
B~ %8 Jgie 383 LPL 3% f(Benson et al., 1975 5 1979) » >t § g g pegid o
LPL z /&M% % ? VLDL2 ER mic% > % VLDLER 4 ® » | LPL /&4 1
T Ao g B AR 0 % VLDL )k B ™ *% B F 2 (Hermier ef al., 1984) o ** p 327 3
FeEm AREE T o B R 08 Y R IR 0 RS LPL i s
A S - A T iﬁ{“ ® VLDL }k & | 4p 12 (Griffin ef al., 1987) - ¥ ¢+ » & -3¢
i%ﬁﬁiﬁﬂﬁm\&wﬁwqﬁAﬂ@%¢%mﬁﬁ L s
(Chapman et al., 1977 ; Griffin et al., 1982) o & s 42| & 37 hfp & 5 o it £
E
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oD e ot > 4 F 8897 Z (Darlington et al., 1998) » @ ¥ — 84 B 4
RV L SRS o L R - Hfj{%g NGB AAEL Y Y (B-oxidation) A 2 A & o
HApR A mre wyciE TR Fy it > & 2 = A i fa(Arner ef al., 2005) © g3k kB G
REFEEEAE R R E BRI RN E R TARS L X e
R A F PN A & T o

_ = [ 2 o —
=~ g VR mPe

o s km e i p B R 7 e (mesenchymal stem cells) > b 25 8% fm P2 i 49 & - =
PaRimRE 2tk o e gy & T el fm P2 (myocytes) ~ #X ¥ fm ¢ (chondrocytes) 14 %
¥ w72 (osteocytes) (Vaananen, 2005) o >+ #5 %% km#2  (preadipocyte) =fF £ > fw
e VAR {7 hm e A A 3 78 3§ (Gregoire et al., 1998)° § fmre 5d A 1 B gcls
mie g (T4 TR 2 e J A (mitotic clonal expansion) (Cornelius et al.,
1994) -

Pg ¥k fm Pz & it & Hp > C/EBP (CCAAT/enhancer binding protein) £ PPARs
(Peroxisome Proliferator Activated Receptors) = & # 4 %]+ 7% ¢ 3£ % % IR
(Gregoire et al., 1998) - C/EBPR¥2 C/EBPO 2 4 IR .4 it 4= 4% ‘&R |+ 3 4v (Brun
et al., 1996 ; Mandrup and Lane, 1997) » @ > im%e & v & 8 3 @ #p 7 5% » ¥ F 3
PPARy#: C/EBPaz # 3.(Clarke et al., 1997) - PPARy%: C/EBPaR¥ 4534 357 7522 &
i 2 S didn B 2 3 F1 & 3(Cornelius ef al., 1994) > B¢ lm¥e 3 ff 7q o

P ap e A T kB e N B 2B s b R A SR @ e AL AT
Pt we R SRS E LS 2 A FIA R B R E P
B 4e 0 dor e i A2 s (acetyl-CoA carboxylase, ACC) ~ #3%% ﬁfr?t & = f= (fatty
acid synthase, FAS) % (Weiner et al., 1991) > fm¥z p T B4 % = B4 W fi (Prms
and O’Rahilly, 1997) - m %% 5 2 At 4B ~ %% 5 2 X f#cp & %“337#%@:\
(glucose transporters, GLUTs) 2 % 3¢ 3 4r (Garcia de Herreros and Birnbaum,
1989a) o Pk le W AF R Feo o del Fgihimie 2 Pa SRS & B (adipocyte fatty
acid binding protem, aFABP) (Bernlohr et al., 1984) ~ 7% % (leptin) (MacDougald
etal,1995)% > » ¢ &M - THI(BD 5 fqhmie g v 2 L RIPE -
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Figure 1 Main stages of adipocyte development. (Romao et al., 2011)

BRPAE T (S H 0 W PR 3m’?é',7!t9 B 454 1 (Poissonnet et al., 1988) o WL ¥
=K EAT > P ihlmre 2 B P RGBT A o AT 2{eRTA B H P o Mg in el mi‘gﬁ gl
& JRriplmecnd 2o & A fedfr Y o pinle —kmi‘gﬁ £ ﬁi’ FR T
e R R A o AT I R4k R =% 0 HDNAR * BT _#
(carbon dating) » A 45 A P imre chlicE > SR BT A% BAHILE 2 T A4
TR MAR S RTS8 E AR e AT Mo e lme i
#wp o Eat /EF%QPLETU’T%% AR oA EAA T RHESLAFIMTE S
#ic (body mass index, BMI) 4 i » & & < %) { R710 %y b5 fmbe » F]pt F 305 5
E R, o dn e BB B 0 g ke E AT R 374 S g 0 € B A
b & EE BB 4 L (Spalding et al., 2008) -

SR o FEPoi £ SN LR iRl m’iﬁ"ﬁi‘ gH < Lyt
fm#z 3+ (hypertrophy) > 2R @ "o %5 fm e R4 3 & 2 @ U dFE o B ﬁiﬁf}i%
it & Mf TR sl REAE € R R M Ao 2 b TR A P ik im e A L R g ik b
M e dn e licE PIAE G g s ee B 2 B R (hyperplasia) (Bahceci et al., 2007) -
B LET o A A B R O 2 Ry ihlmie i & Sah s i F Y N
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F B2 2 F i 40 P s (Hirsch ez al., 1989 5 Bjorntorp et al., 1982) ©
Flpt o e EN A LY L R R A BRAE 4 L RERARE ) L
HREF AR RGERBAE 0 S P AL G R A LI 4 o

—_—

= ) 2 10 K ») L
v PR B Lo

L ”FE’F ’wj/'gﬁﬁﬁ’»“mﬂbilpql:ﬁi%‘ Tos FER TN LRE T‘a\ i3 27@1
Mk % nte gk (cytokine) o igd SLHE G P ik % (adipokine) o P i imte i iE H
AOSHTAS T LN B B LR R RE S KA PG E T

#T~ F7H N Bt (metabolism) ~ § F 42 (glucose) AfE P 5 2 % §ES {7 5 (feeding
behavior) (Rosen and Splegelman 2006 ; Kershaw and Flier, 2004) -

A IR B & E g3 (Polycystic ovarian syndrome, PCOS) £_£7 % 3%
FAEZ A3 sm a4 AP 2 5 Ffa 2235 § % Fut M (Dunaif, 1997) > £ & ig 2 or
PHFERIE oA i B > % ¢ * thiazolidinediones (TZDs) £ metforminag %
FEpe L b RagR M 0 e ! sk dp 22 2 ee P 48 (Tuorno and Nestler, 2001 ;
Seli and Duleba, 2004) > @ TZDs% metformin4 %] ¥ /& i* PPARyZ AMP-/% it 3-v
#cfx (AMP-activated protein kinase, AMPK) § /% (Lehmann ef al., 1995 ; Musi et
al.,2002) o

[ER e N A el ¥ jj;n;r%fr—?]z v X ch ® Adiponectin 7 ¥ & % T % (Ardawi
and Rouzi, 2005) » @ Adiponectin 3 5 %% _E’_T%\ Banz ko Tt d % b 2 SR
(Kadowaki and Yamauchi, 2005) - & * TZDs% metformin¥® # < Adiponectin % x- jfc
Z_Jk R > @ Adiponectin 422 34 & % 5 (Chabrolle ef al., 2007)  d } 4t~ []?e? £
PPARy » AMPK %2 Adiponectinizd &2 "g 35 mP% 74 5p 2 A &5 £ 18 * 2. F]5F > »
P

Vsl SRR Ta S WABNESE NP 3 "‘:ﬁ';fbfbﬁ"ﬁ oE 7 ;u»\#ﬁ'g AEas g 2 H e~
s ALk, 2 )4k 7 Rk i ié‘_.lﬁ\]is;]ﬂ\,;f% 2ok iR B g g 4 de 4 (Zhang et al.,
1994 ; Ahima and Flier, 2000) o fx* % 33t ¥ > 5 Wugss § 244 ~ F "q 0
e % 78 4 4T (Ahima and Flier, 2000) o & % /&2 2 55 59ZDF-fa/fa~ & # 3 4=
TGP B B Sz faH g 2 Pg Ak 2y is e s P (Wahle ef al,
1991, 1994) © & ek » ‘T*WJE] Fd#An @ dmme 3 'Fi (’5'5* 12) (Unger,
2002) -

LD LR Ao % Sl s TR R JEC RN T ﬁ

@é‘r? a4 o FIp s AEFS RN L T E ke
FAREARL B R

\\\?{r

7~ F_Eﬁ‘g‘%k"}aﬂbg fgj—

7

Faiplmre ¢ R BrendafF ¥ od Pg B2 2 (lipogenesis) ¥ g B 4 f# (lipolysis)
SR R e S



(=) ‘g2 = (Lipogenesis)

FAPWMAEEFIF A WA RE R T Y B g e A RO
WP SRR FR S o f SR MM S e e S o

%%@%?)ﬁ@&%%ﬁﬁd5’€$ﬁ&gamw@3|$¢¢ 5 s %
B hp ke (pyruvate) ¥ it = ¢ figd# R A (Acetyl-CoA) > 2 {8 &2 X fige fié
(oxaloacetate) 2 = #& ¥ fx (citrate) > & ¥ f& £ %ﬁ d ATP- & ¥ f& ~» f% p=
(ATP-citrate lyase, ACLY) 4 f&= ¢ Fp#f fr A2 X fipe faod o fpif fr A% fis v -
¢ e frAZE T LB C fEd ps A (malony-CoA) » I 5 d *qisfk & = s (fatty acid
synthase, FAS) i&m 2= 1z {ffk o 5 & & =1t f?ﬁ?&w ZELE ”Fﬁf& » JR 3B {7 R 4d 4
Ll X F o d 5 FRlf AR S B B e £ 4R S pleaut £ fF
(elongase) frd 47 {rf# (desaturase) iT* k Hut £ &2 3 f—&fv“ﬁ“’ Ay H s gk 4h
g 7 &7 {r Py 5 EL (Martin ef al., 1961) »

ZEHW A - A Gy BB A G gt e R Flak LY R
#cps (glycerol kinase, GyK) (Reshef ef al., 2003)#7 & /2 & F& | * H b & = = f&
o i fig o 7a s dmie @ ] b 1R KGRI PEATRIR (TR ¢ SR Y WAL
= =i frk#4ps (dihydroxyacetone phosphate, DHAP) 5 v Spd~ > %54 i -3-Hafs
3 3 ¥ (glycerol-3-phosphate dehydrogenase, GPDH) 4| * NADH:#¥-DHAP:& /& @
734 4 -3-mifsk (glycerol-3-phosphate, G3P) o

Padpfie i d fg-CoA & = fF (acyl-CoA synthase, ACS) - f#? ’Jij{ﬁ’ = Faph
(Adenosine 5-triphosphate, ATP) {24 T » 22 CoA%; = g fA-CoA » = & F 2_fig &
-CoA 22 H i 3-gipe iv% 2521, 2-2 fpAH W Beape (1, 2-diacylglycerol
phosphate) » ¥ “t - & 3 fg L -CoAP| >t = fg4 i 2 #& # fF (diacylglycerol
acyltransferase) T% T » L &1, 2-= FafH WAL, = = fhH ¥ Ay (Steinberg et
al., 1961) -

(=) P F 4~ j# (Lipolysis)

FAPHARRLE R GEFRT AR L BT A T AR
T 3 2 ML BRI D Y - A SRR, T R i L A2 R
(B-adrenergic receptor) % & » f]# G proteinis it =3 fm e B mgf]l%f fé I 1 pe
(adenylate cyclase, AC) » # tm 2 N ATP # % = & ;K MT‘ ¥ OE OB R
(cyclic adenosine monophosphate, cAMP) > d cAMP % & = ‘& i& 4+ 7 (McKnight
etal., 1998) » & ¥ 39 jrp¥ A (cyclic AMP-dependent protein kinase, PKA) & 143
dvy % 2 Hd fe b g & kcfs (extracellular-signal regulated kinase, ERK) 4 #5 >
pUE SR R E Y k-9 JcfF (mitogen-activated protein kinase, MAPK) #2%2. - B >
25 1 MAPKES /= @ 18 ERKBAFE I 7 j& 1t » B2l L iR v b 0 A4 A Fl2 4
Ii.(Farnier ef al., 2003) -

B PKAE L pF o Bl g pApLi* B E BP9 F & & 13- F Perilipins > # 2 &



*”*ﬁﬁﬁﬁ&ﬁ'%V%M@’ﬁﬁﬁﬁ%%’kﬁwﬂﬁg&ﬁ%ﬁﬁ%
FAfL it BT o Bd JF ¢ g B R A0y B g s R Rk i £ (Sztalryd er al,
2003) o S E BRI cNfEE G 1 g YA lme = fhY W fig 'q f2 % (adipose
triglyceride lipase, ATGL) ~ j#% A7 475 f#f+ (hormone-sensitive lipase, HSL) 4v
H fL 4 @ fin #4 f%f*¥ (monoglyceride lipase, MGL) °

ATGLE HSL¥ ¥ = paH i fig wd= 9 e &3 2 PFa v VA pe 8 BEpA o ¥ fig o
HSL® $F B4 ib fia (77 » & 2 P48 w27 M 4 o flg » B 15 MGL#-E it 4

i fig A R PEEE R L8 b o B2 AXHSLI- PRYE= Al b fig 22 BERAH 0 fig (T
wvgﬁ%ﬁﬂﬁgpgﬁﬁweﬁgﬁw,a<$%%5ﬁ@ﬂﬁmﬁﬁ?“ﬁi%
(Fredrikson et al., 1981) o Tt » = feH b finehPq f2 > 1 & §.d ATGLIT* » & &
R @ faiis AF > IR HSLIE* » 23 3 ATGLA A IR 0 ¢ HEEPFHL,
5Bk 22 4 b cf8 3 (Zimmermann ef al., 2004) ©

RS fRE M B WA AR 5 - A
(Langin et al., 1996) » -Kj& A 2 2 4 jd 3t fgipim sk 2 444 > F]pt ¢ FHicd
wJE o T R R B CTRE TR Y o LR S
P pRERRR 0 TE R RS sﬂrlmj_* b & f2 = ATP &8 38 » 3RS0 4 HT AT 2
(gluconeogenesis) & T % = § F % o

o JA RIS AT A L PR L Rk e Y R L CoA S R L L i
i fh-COA + ¥ 914 jb = BARRI (3l 1 K )% Z i 4 b flg o % i b i@ 5L 0 A
RSN A T E S SRR AR TR LS L
BB e N B W AR AR Y G g el B A (fatty acyl CoA) - 1 £ ft d& (carnitine)
£ e AP 0 B (TP 9AELP-F 1 T * (Robinson and Newsholme, 1969) o

© wBE L25 kL RN imie F kY 0 AT AH iR A SL25 % B0
B& & 0 e a2 g% (glucagon) fljk2. T > B2 L2& 4 PqfdF Rk B v 0|1 & &
¥EAB(202006) d T A0 A F A B fRa 4 2 LB A AAH iR 4 o
g ipmie ¥ s ATGL G ZA# P f#2 Pqfaps > 0T 5 ATGLZ 45 i

G b 2 A 3 chehy ik

(Z) = peH i fg%qf2p* (Adipose triglyceride lipase, ATGL)

ATGL**2004# & 2 #7374 A A SR> £ 55 "R fhY i fias a2 2
% @3 2 khé &0 ATGL (Zimmermann ef al., 2004) ~ desnutrin (Villena et al.,
2004) ~ calctum-independent phospholipase A2 (IPLA2() (Jenkins ef al., 2004) -

ATGL &= % BRY P AR BAR AR rgiale s o 3T3-Llmie & it
6 ATGLI 4 2 o i F R P £ R+ E 3 (Villena er al., 2004 ; Jenkins
et al., 2004 ; Lake et al., 2005 ; Jocken et al., 2007) - PPARy® 3% 4575 %5 fm P2 & it &2
X 3+ #2(Zhang et al., 1996) » frg %% mie 52 7 ;N % F » ATGL 5 PPARyz &
L %] > PPARy % H 5 i %l]rosightazone © T 5% 8 ATGLA F12. & 7 » T 1838 7 f2
(Festuccia et al., 2006 ; Kershaw et al., 2007 ; Kim ef al., 2007 ; Shen et al., 2007) °

ATGL %-#2 7 Fafaies o> A B0 2§ g Tk ¥ 28 - Comparative
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Gene Identification-58 (CGI-58) Z # jf % w 3-v » & Perilipin A< 3 iT% & &id
i# L o ¥ {1 ATGLE i (Lass ef al., 2006) © fe| Bl % cgi-58 7 F1 4 M4 > AP
S04 A B > B ATGLY S = B4 i fig %5 1875 158 192018 o A dlk fi T 2
"o ke > CGI-58 {Hf %% & i F F o 7§ P-adrenergic{j#FF > Perilipin Aﬁ}t@”&
pait @ sy i - CGI-58r 7 2 ATGL R 3 1% % » € F 1 g i = fh
fig (Granneman et al., 2007 ; Yamaguchi et al., 2004 ; Yamaguchl etal.,2007) °
ATGLE& Flak & 2] Bl 9 & Paip e monr i I ety VAL 2 75% 0 @ HSL
FafEac 4 4 TR B BE P TR0y 97‘715_"{4&‘34\1 o 35 AE T ATGL¥ T 2 @
RE 2 -py e ﬁ:l %> » 4p§ £ & (Haemmerle ef al., 2006) -
FHEIFALRET CATGLAFARL I PE L n¥rad 2|1 A
L RESREMEA IR,(Vlllena et al.,2004; Lake et al., 2005;Kim et al., 2006; Jocken
et al.,2007) o f 37 33 @ #5558 & (ob/obfrdb/db) (Villena et al., 2004 ; Kim et al.,
2006) > & R 5 L G F iz ek B H Pood d ik ATGLZ2 A R4 RE ¥
k8 ¥ "% " (Jocken et al., 2007 ; Berndt et al., 2008) » s & 12} #27 » ATGL* #g %%
e s bR EAR T BB AR o A PR B R R
MR AWF EE LT

L
q‘?”_{

(=) AMP-i# it 39 jcfis (AMP-activated protein kinase, AMPK)

AMP-# it 39 s (AMPK) 2 A fwmree p i £ T fF2 22 > e ¥
AMP/ATP B3 B BFE it o i2m fgcime f 4 X ATP (4o @ P ¥pfe s iV 5) > R
B2 B B ATPenié % (4o Pry| = ey @ fa & = ~ w2 i 4 ¥) (Kahn et al,
2005) o

AMPKE d it Rol ~ > &2a BA &= H A Bfoys e = R A48(Woods er
al., 1996a)> & @B =x 8 ~ 5 72 I 0L 4] (al, 02, B1, B2, y1,v2,v3) »5d % o=

¥ A55 7 Al 2 B4 ehAMPK(Hardie and Carling, 1997) TG A e -
14 (Cheung et al., 2000) > 3+ 75 ¥ m#e ¥ > AMPK g it % 1 & % al(Lihn et al., 2004 ;
Daval et al., 2005) - AMPKG: 73 84F mPz p 3¢ £ 2. |2 3; » B35 wme . AMPIE B
%1t ¥ AMPJk & #& % - Liver kinase B1 (LKB1) ¢ % & I AMPKy 1 #-AMPKa
T2 R 0 @ B 2 5 52 (Shaw et al., 2004) - T BI(BI2)A 7+ & AMPK
R kLS ol A A

T Sk B Ml jprds A| (B-agonists) © T 4rim iz f cCAMPZ kAR > % % Fa
‘w2 AMPK# 12 (Moule and Denton, 1998 ; Daval et al., 2005) > F442A%q ¥5 ‘s ¥e 3%
B AR /,’J‘ 4vInterleukin-6 (IL-6) > &t iE_i# AMPK /& it » @ fAlL-64% % a3/ B¢ >
AMPKE 1R (Kelly et al., 2004) - p v & wdra g 3@ H 7 (T4 ’ij’c,% =
W IFHF RS VR e A RIL-6 0 B & B g ke ¢ AMPKE t4(Daval et al.,
2005) « AMPKE it BF > & ifie 14 304 S22 R BHp M e F o A RN S
B AL Tl g 2P oo aW pRFAZ PR S g A 2 ehBf 42 % % (Sim and Hardie,
1988) » >+« R rPg¥atmre ¢ > 4]+ AMPKE it #| (Aminoimidazole-4-carboxamide
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riboside, AICAR)/&J® > € 3 4v ¢ fipdf fs AZs e pibfil it @ Prd | H R4 > & m % K
T 5P B A & 1E % (Sullivan et al., 1994) -

AMPKE L P e i § 2 hult > o * BF%Y A 4z - i n? o2
R EF 0 e 5y inre ¥ UCP-12 UCP-24 T € i 4v » &4 %% AMPKE i+
Frile pEd prAZpR L > 3R P iAEkE (4 (Orciet al., 2004) o 5 3% 2595 fm Pz @
+ § 2 LUCP-1 i&a £ < AMPE B » ¢ i i* AMPK @ #r] ¢ fahf s AZS 5 74
itom ¥F Ry B 4 = (Matejkova et al., 2004) < 5% & 1 Fo#pit > AMPK Y snve ¢ AMP
R HHABY gAY N B2 R ML SRR T L T

TAMP/ATP

1

Liver kinase Bl (LKBI1)

!

ATP * Energy ATP
- Energy Ti72 supply
demand | )
: | a >
ADP B ADP
Energy \\—7—) Energy
expenditure AMPK intake

B2 AMPK Zit & 349 #rfrig2. & 4 o
Figure 2 AMPK plays a key role in energy metabolism. (Ruderman et al., 2010)

() NAD'i#%#g 2 ¢ figps (Sirtuinl, Sirtl
F P

b b B AP B £ "] A 593 85 Sirtuin (silent mating type information
regulatlon 2 homolog) #2575 kv 2. # it 2 HiE > T £ 4 HF & o Sirtuin 3
NAD iz 45 4 ¢ gt fg% (% B¢ 4 Sirtl) » 5 ch BA= 5 EF > 4 448 Sirt] 2
#1571 f s Rl & R B4 et £ & 27 (Linet al., 2000 5 Rogina and Helfand
2004 ; Liet al., 2008) °

d %+ Sirt] 2 & NAD # % W FF KRBT A e FREM > Fh A 59 1 e
Nt B EE o Ea A Y 2 N arp B 2 K F)iE 4-(Imai er al.,
2000) o Sirt] #-4erd-v H2 ¢ fipte > %A 4 & F nicotinamide (NAM) > }* & F+
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¢ #ri) Sirtl F4 > @ NAM ¥ #-d NAM phosphoribosyltransferase (Nampt) ## i
it @ x4 v NAD" (Michan et al., 2007) - B 3 % Sirtl 2. # 3> o

) Bmte A B R G R ARt 0 €K Sint] ATFI2Z AR B 0 LR
(resveratrol)£ 7% 1% Sirtl & %)% 35> B| ¥ i% i Fr 4] Protein Tyrosine Phosphotase 1B
(PTPIB) # Fl2 fkk » @ # 4c fm% 9% § % 50 +(Sun ef al., 2007) - Sirt] £ 45
R B AH 2 o Rl ST R BT RS2 45T (40t PGCla) 0 & B
A PR BT 20 % 1 (Rodgers et al., 2005 5 Nemoto et al., 2005 ; Lagouge et
al., 2006 ; Liu et al., 2008) -

AT Sirtl+-R & A FVFg 2 ) B I A AL By A mte S L RE
G pE B i o | A e ’Slrtl =4 7 PPARy mﬂrp‘ %]+ NcoR % 2 »
4] PPARy #7432 827035k AP M A F12o £ T o e kB > & 3T3-L1 #g %% m%
v X § AR Sirt] ¥ 4] PPARy 20 & I & fq 2 4 = (Picard et al., 2004) -

% 3T3-L1 *giimre 385 P > <~ & & I Sirt] & i@ * RNA + #ﬁ;}iﬁaﬁmﬁﬁj n A
M Sirt] R F1R IR B R FEER Adlponectzn 2Tl o T d H P EE
IR Sirt]l #_#% i #& = Forkhead box protein O1 (FOXO1) ¥ C/EBPa. #4547 & %8 e
A= 0 iE @ B Adiponectin £ F1 4 B.(Qiao et al., 2006)° fFg ¥k ke 1 & %K P o
F1#* RNA F 3 Hphets 04 Sirt] 23> g Mrgipmie? AH 2 B3 T4 H'&%
(Isoprenaline) #1|jc2. ™ ey fZs, 4 » 38 IR SIRTI 4 & 7 £ 3§ # FOXO1 2 ¢ fig
itmBpit 2w ig s I ATGL i+ » m 3548 & IFL(Chakrabarti etal.,2011) o

B arik > Sirtl 1 imre? NAD 4 BB H S M 3 ignme e 7 o d
% 1* FOXO1 # = Adiponectin 12 2 ATGL £ F)eh4& 3R> T %ﬁ d #r4] PPARy #14 o
RERTAXERE T AR S AT SR T Sitl 7 H 4y B e
Adiponectin £ F1 & T2 v £ N B2 A I o

Nutrient deprivation

l

NADY € NAM

SIRT1

B3 SIRT12 3 - o
Figure 3 Regulation of SIRT1. (Finkel et al., 2009)
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() e "= b A &4 = (Nicotinamide
phosphoribosyltransferase, Nampt)

Nampti & %1994# > d Samal¥ A & A §7% B0 R ® w2 cDNAT AL E ¥
# R0 § P & Pre-B-cell colony-enhancing factor (PBEF) > ¢+ £ Interleukin 7 (IL-7)
T ¥ g wBwie & 3 (Samal et al., 1994) - 1 2005#% > Fukuhara% % 3t & T 7
R - BATE A E 0 U IR R AR F R T AAL T R LR L
& Visfatin» 5§ vt $F18 &2 PBEFE& %] % 71 4p Ir (Fukuhara ef al., 2005)° {5 >+2007 %
Revollo% 3 4t fi¥ % £ ﬂ%u@m#%éﬁﬂmmmﬂ’*“%vﬁw
Nicotinamide phosphorlbosyltransferase (Nampt) o # Fukuhara & % (2005) % 3
NAMPTZE % M-t,;% F20Eh o VHEME ZIMIREE > FIVETELRD
A e A wemy P s NAMPTF 2831 % 5 %«}L&;\W’~'§Hi%
FRE B2 %‘rl ~2 (IRS-1~2) }F p& M—f&ﬁ;&f&lL(Xle et al., 2007) o .+ B3 &
Nampt# { ¥ 3 P = % {8 > Nampt< £ 23R > P ¢ PEEARRE L T4 R
W §y R EDATR M o IR BFRRE g i e Y PPARyE_k ¥]2_ % I(Sun et al., 2009) o

NAD & #jc? » 2 &% A B XAR(K4) > 2 ¢ 7 d nicotinic acidg d

nicotinic acid phosphoribosyltransferase (Npt) # % nicotinic acid mononucleotide

(NaMN) » # 4 d nicotinic acid mononucleotide adenylyltransferase (Nmnat) ## =
deamide-NAD »  F ‘& d %fEi=ic* 4 ¥ i SNAD > ¥ - kR ¥ d nicotinamide
K nicotinamide phosphorlbosyltransferase (Nampt)## % nicotinamide mononucleotide
(NMN) » £ d Nmnat## 3 NAD o frf L 8gd $ > w2 gL & * nicotinamide i®
L&Az kiR “Revollo® * %3 » Nampt 5 of § 457 & * NAD i B b 4%
%2 Fa v AREE & i;lNAD+” F 2 e it aSitl > M EFHEE R
(Revollo et al., 2004) o d 14 F 7 7 4 3 > Nampt 3 & 3 5% § & # i c0fq %
A2 54 ANAD ehE B R AR B Y R F LR nE T o

Mammals
nicotinic acid deamide-NAD

synthetase
Nampt Nmnat

nicotinamide

NAD
‘>_§/

O-acetyl-ADP-ribose
Bl4 NAD2 & = B j5 o
Figure 4 The NAD biosynthesis pathways. (Revollo et al., 2004)
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(=) r3®% (Adiponectin)

Adiponectin &_d g ¥ e 0 6 2 e gk o gt de e ek 2T 1995 E 18 4 B
SBEFALEBMEFR T3 F R EH 0 4o D Acrp30 ~ APMI ~ AdipoQ 2 GBP28
(Scherer ef al., 1995 ; Maeda ef al., 1996 ; Hu et al., 1996 ; Nakano et al., 1996) -
Adiponectin £_d 230 @iz pisre s » &~ F E 5 30 kDa > BHLIELS G =K
sl fs 1-28 % non-homologous region ; 28-93 % collagen-like domain ; 93-230 %
globular domain > ¥_Adiponectin 2. 2. & £ * i+ ¥ (Tsao et al., 2002) -

Adiponectin 47 3F § FERE 2 Fq F 2 RSB AR o g ke it EARY
Adiponectin zx F1% L& € ¥ 8 100 3 12 1 (Berg et al., 2002) > 8278 v d 795 e

ARSI I &7 R L LFT 2 & ¥ Adiponectin ,ﬁaﬁiaﬁ*f?bnw 5 o
Adiponectin 2_ & 8 0 B3F N BR iEE AP M B i (4 %%ﬁ\ﬁf‘a 5k B % %R
) RWAARM o » 28 Sl (o DT RApEME CERE) 2 TR
B (Yang et al., 2002 ; Matsuzawa et al., 2003) °

R 0 E-E ey Adiponectin FrARP > VR AR F R R
é_% PEESET 7R RIS ]\”qgﬁﬁ’x CHEBER IV H Ao

® 3 g Bk 2 § (4 17 % (Fruebis ef al., 2001) » H i & {84 2 75 gEpL i vep ¢ och
AMPK > i@ 8¢ gifs it rdl e fpl fr A 2% ﬁ4~ /& 14 (Yamauchi ef al., 2002) -

hgspds ¢ > Adiponectin ¥ d Pg ¥kt T%\ WS PN T Rl SRR PER
TR~ PR B R R E Y 5 2R B P Adiponectin te 7P K 2_ g e W-iw P2 (theca
cells) % #g#_im* (granulosa cells) f‘ BTG AR Wgie e te 2 ARG
% (Chabrolle et al., 2007) -

Adiponecting & §d 2 H X & RE S HE A Fwre 4 W - 3
w @ 3 I Adiponectin frimfe Wt F Z A R AR XM o A WG Ad1ponect1n
receptor 1 (AdipoRl) ~ Adiponectin receptor 2 (AdipoR2) 2 T-cadherin - AdipoR14r
AdipoR2# & e e BF ¢ ¥ 5 £ H ¢ AdipoR1 & #ivimie & Ak F >
M AdipoR2P| 3 AF3K 4 TLfi § o = 7}@_2 B AP P e Wi e 2 TR e Y
%7 2 ¢ AdipoR1\| &3t m®s £ i > AdipoR2P| &5 8 m% 4 T4p
(Chabrolle et al., 2007) = T-cadherinf| & g p A fwfe 2 B v T jfrvimiz £ > #7
PR 3 A2 F‘« B 7 ¥ Adiponectint ik i F Foom BT 42 qjﬁd ENE R -Fi]
# k& 2 & m(Yamauchi ef al., 2003 ; Takeuchi ef al., 2007) »

Adiponectin®® AdipoR1% & ¢ » ¥ % i* AMPK# /5 (Yamauchi et al., 2002) »
BOUOE R R fepEAT S S TE o 2 B 4o e $tEEF 0] * (Yamauchi and
Kadowaki, 2008) - Adiponectins & AdipoR2 > it 43 {1 #7% i* PPARa (Kadowaki and
Yamauchi, 2005) » i& f* % (% & F] 5 2_ 4p B 4% 4 (Fujita er al., 2008) - ¢ AMPK

& % PPAROE: /= > # 14 % F 493 2 £z 08 4] (Dupont er al., 2008) » *rsnb | s
N fr}ﬁ%ﬁgﬁfa 2_ 74 5% (Yamauchl etal.,2007) °
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(™) | REH 4 E - X B8y (Peroxisome proliferator activated

receptor y, PPARY)

Wi PR F BB mE ) TR R X B RS% (nuclear hormone
receptor superfamily) » i & 7 PPARa ~ PPARS ~ PPARy= /& 8 448 » H A i}
EHG LR ARt d B p g HE - M2 Ei A (activators) £ fedl (ligands)
M E G 7 2 2 (Kliewer er al., 1994 5 Tontonoz et al., 1995) -

PPARy %] % e eidi 4742 8- (alternative promoters) » 22 % f 2_ % *» (splicing):
A EZ A Tyl ~ y22293 o PPARyL A & & AT R BRI R S AFEEe R VR
.fs_ELfT%‘i ¢ PPARy2 P % - 1% R4 55 05 o 8 (Elbrecht ef al., 1996) » PPARY3 & i
B eimie s B0 b A fmre oty ik imre ¢ % T(Fajas ef al., 1998) - PPARy2*t %
5 o e 4 ER-»;L_’E‘_'E(«_ PSSR A R AT AEF S e s it 21 F
7% #] (master gene) °

PPAR & L7 W5 HAE ™ Pk fmPe dhk 1Y > & 5y REEZE P Wb fmie & 1L 2 g
R o A &R 7 ‘v PPARy /% it 4] 15-Deoxy-Delta-12,14-prostaglandin J2
(15d-PGJ2) » 4k ‘- fm¥e BB *h 32 & anif 2 (e v 5 P59 ' 2 ) fk (Tontonoz et
al., 1994a) = ¥ 11 F 4ok d 5 {8 0 3~ PPARyAFIA R R R A A L4 R
2 NIH3T34 a2 fmPe > & (74 * % L F P hpimbe thd e v Fridhim e 45 i
(Forman, et al., 1995) -

PPARy™ B 587 35 fm¥e cfE I 7o FTAT2  (adipogenesis) 4% > 37 % g ik km
e R B AT 2 A E 0 ¥ ¥ ILPPARY (T * F Fi(Juge-Aubry et al., 1997) o
PPARYR S3F 5 8 § 24 i p AFIZ AR > 7 e % F a2 B
JE B T @7 (Rangwala et al., 2003) » 2 5 75 #|TZDs~ ¥ ¥r#|resistiner14 3. (Shojima
et al., 2002) » & i L ¥ § % @t 2 (Shibasaki ef al., 2003) > = ¥ 3 e g 5 v ¥
GLUT4eh# 3k 2 i § 4+ e cnif 42 (Shimaya er al., 1997) « 11 b < ki o
PPARYH: 7 s m 7o % & BB AR T & B PEAE & 7 2 S 3o

(4) "% %% ¥vd (Perilipin)

Perilipin z #g3%m¥e ¢ & F3viiF 4o 2 30 Fo 2 B # a0 5 BEW F 2 AR
Ay fEpEE A0 Pow e v R g e AR A (isoform) o v B R 42 Y R
B - BLA T SE# M 2] (alternative splicing) {6 A& # > & 9] & Perilipin A ~
B ~ C ~ D (Serventnick et al., 1995) » # @ 1 Perilipin A % #q%5m% ¢ & 1 & i IR
7] 3% (Greenberg ef al., 1993) »

Perilipin& 3 % Bappeit 30 § 4P 7 R £/ € Tl fdamn “%/{E\u,%r
% » &5 IV PKA®R ﬁE;&f&IL T *’}#’ m g e ,fg—;ﬁk% fe e £,¢f&ﬂyrl imie
B¢ 2 HSL > i& @ i8¢ *5 F & fi#(Clifford et al., 2000 ; Souza et al., 1998 ; Sztalryd
et al., 2003) » F 2_ > % 5 & L G B fa it > 2PKAh# * jpE > ¥ i Perilipin
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3 g#pi i (Egan et al., 1990) °
Perilipin¥$ 3t #5753 2 b jF e 5 & F Ap % hE & M o 3 Perilipin gk Flik
L BARAE b BAE T o APERYIF A AL B | AR r & L ENELREE R I
A ﬁcv:xr’i’r BWZB G LA R E‘%B& i it T > Perilipinzk 7§ ‘& 1 7%
A BAR > SR RO 0 R R 1K30% 0 RN S Bk 1 2 ’w%%én_ 4t
3% & % ottt 3 4r (Martinez-Botas ef al., 2000 ; Tansey ef al., 2001) o % tw¥z 7 %
¢ Perilipink @ .7 #&  PKA#T |}k f2ie* » #4 § HSLi& 7 'E]ﬁ* % 50
Z_ & i+ #7 F (Miyoshi et al., 2006 ; Sztalryd et al., 2003 ; Zhang etal.,2003) o
& 1 ¢ B &> Perilipin (8% 5 F3E F A AR B A2 A £ F R

ety fRpE G e T f i -

(+) rFasrlmie oA 2 & 39 (Adipocyte fatty acid binding
protein, aFABP)

AL £ 3% (FABPs) ®im®e p #g B % £ 3¢ (intracellular lipid
binding proteins, iLBPs) ;’?’m%\ Fz-  HAo3F 8 915KkD $ih5 a3t d P e
¥ (McArthur ef al., 1999) > B 31 & # 5y 5 B8 ‘w8 P W5k ool B ﬁiﬂ e E»’r
g A TR e il & (Wolfrum et al., 2001 ; Storch and Corsico, 2008) -

PRV F‘ #1 % IR.2_aFABP > ?KFZ;I; B g s e & v kP ik ik AL F)(Boord et
al.,2002) > frg ke o i > b 25K T 45 F] 3 PPARY# Retinoid X Receptor

e b SR F- R, il E_k'"]z\ #.(Tontonoz et al., 1994b) - ¥ 3 &«;‘—r ,

aFABP¥ B:E P2 "5 3% §8 1) o aFABP AL Fl4 & e Bl 43T 4 A0 & »
AP FR T 'F 1140% (Coe et al., 1999 ; Jenkins-Kruchten et al., 2003 ; Scheja et al.,
1999) - ¥ — = 6 > aFABP¥ 22 HSL4p 3 % & # i HSLz *3 {274 1% (Shen et al.,
2001) o 5 & b ik o7 4o aFABPH it S RE G A LG £ & 2
B

YLEORTAR L R R R mie (IR F L AR M AR Flo P o @ S e R A RRE S
2 32 %2 e £ T fR(Matsuzawa et al., 2004) > @ ig i g sk B % 2 AR Ok 2 TF

5 Bt Ff‘ay i (Fasshauer and Paschke, 2003) o gt #b » B %0 3 BLI0 A Py W& 307y

ipmie ¥ 2 F G Keg 24 P PEIL G 0 H Y 0 3tk @ Adiponectin 2 jk & T 2bAe
Y R 24 PR 2 éfﬂ%?—'l“n‘ fsg fo o e iw st Rl gt & =12 (Calvani ef al,
2004 ; Yildiz et al., 2004) - % -] R s ’;\IFL » 3R Sirtl EE R IR 24 ) pF
FHHFEME A Y > T A 7}@ Hp & (01rcad1an rhythm) & 3t A 4%
FIAREE S iR VS P RFARA DT UAHE S L ETHE
FHP SR ARBEFS AN 2 N Ep R T Y (Green et al., 2008 ; Hirota and
Fukada, 2004 ; Kohsaka and Bass, 2007 ; La Fleur, 2003 ; Davidson et al., 2004) °
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4%

5o NP EE

- ~ 4 ¥ P4 (Biological clocks)

SPARRREDD REPT MR RBEERFRT > PEE b i
2 ATy o B R E R deiEa SPERE 0 U 2 SR RE - 2 el
Fag cPARECEFP RENED G OGR4 R e RS
(Panda et al., 2002 ; Reppert and Weaver, 2002) - izdt &6 3 & % 7|k 4
G0 FRAP Mt - B2 RCCERE S RAE)NHEET 0 AFHP 73
N 2RPF4E (internal clock) #3-EF 4 RN 2 B E g o

PR A TIpEAE A X AT AR P W E 2 4R R 4% (suprachiasmatic nucleus,

BB AR e

AR T AR B A ST R Ap e SRS AR R Y R ehd i1 & e Fe (ganglionic
cells)s ot fm?z p 7 ZALE (melanopsin) > it 4%z & {1 i(Provencio et al., 2000)
T G L E L BEA S I FORR (glutamate) @ iE L PIARR PR F
itFosi—v B » i&m BT AREL R X p & E L R(Abe et al., 1991) kg
BARMP-TAREA SRR AR RE RN FARR PP ZART P & w2
e flgis o AP EELT N RPAKR WA E (intergeniculate leaft, IGL) » 4% # 5
32 7XY (neuropeptide Y, NPY)& y-3%2L 7 & (gamma-amino butyric acid, GABA)
@ ~ 42 + % (Moore and Card, 1994 ; Yannielli and Harrington, 2004) -

AR PR R T H v e R oA A miE#(Lueral, 2001 ;
Chou et al., 2003) » £ 5d A G PN AU EL BT R P o SE L W R 30
2z 4 IMpE g o e A B 80 E 4 s (Reppert and Weaver, 2002 ;5 Lee et al., 2001 ; Froy
and Chapnik, 2007 ; Young, 2006) o F]* > AR {4 F 9P & EahE 37K
%o & § £ & i d (Harrington and Rusak, 1986) « ¥ ¢ > ¥ il k2 X p & fog
TV RIITAREARR P2 Y R2 EEE D A2 Y XS F F(Damiola
etal.,2000) > T B (BS) 57 f&% ¥ 2 Eprsmisd] o
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Photoentrainment Central clock (i.e. sCN)

Neurchumoral

rhythms
Neurohumoral U l _,(.‘I._

entrainmen t
% Peripheral
. % clocks
i (e.g. Adipose
t tissue)

Rhythms driven by peripheral clocks

{&.0. gene expression, metabolism, function)

RIS ¢ %2 %2 @B isd] -
Figure 5 Central and peripheral clock mechanisms. (Bray and Young, 2007)

S HpEESFBAIEAAMAT

APRME RN EE e EE 0P SRR ARH AT el AT
#ﬁfa‘#ﬁﬁ’ﬂ ‘ %‘r £ 5 é*“’%#&ﬁ? Pl AFEAR R Fd FEFFT
mop s B el A Flen T o A G 3B 4R U5 Tk 4% 4] (Reppert and Weaver, 2001) -

FEp & EaLFE L& G5 Clock ~ Aryl hydrocarbon receptor nuclear
translocator-like (Bmall) ~ Period (Per)'2 %2 Cryptochrome (Cry) ° Clock 22 Bmall
A FlE a2 S > 952 - B4 CLOCK/BMALL £ w 3w % ¢ > % & 5
- B 7k DNA A 7| (E-box, CACGTG) (Hogenesch et al., 1998) o Per 12 % Cry
fe#s 3+ b 7 3 ief E-box > i H #4k ) Per~ Cry (Gekakis et al., 1998 ; Jin et al.,
1999) - # %12 c7 PER/CRY 4F & % ¢ £7 caseinkinase 1 ¢ (CKle) & » L&
w2 § e 3t E-box + 7 CLOCK/BMALIL > [# 1k Per ¥ Cry snig 4x(Lowrey et
al., 2000)° "f 7 Per~Cry % 3 E-box B 7| ¢t s Rev-erb~ RAR-related orphan receptors
(Ror)%$ # E-box A 7|#1% £ 3| CLOCK/BMALIL #f & % i8¢ #&5is it > @
REV-ERB ROR * # #& Clock~Bmall <jkx# + + &2 Rev-erb/Ror elements (RREs)
E% > ¢ & W g e 838 Bmall #4% (Duez and Staels, 2008) » F]pt )= - & %
HplE g it 2o s o ARl 6 1T e

CLOCK/BMALL 4f & #8 #7314 4576174k Fl4e Rev-erb ~ Ror % » ¢ L 2 A4 2 ™
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Figure 6 Molecular machinery of the circadian clock. (Zanquetta et al., 2010)

=~ NP &EEer AH

(-) NAD'# 2 ¢ fgfv (Sirtl) 25 p & &

FreEd ke FCLOCK 47 e ARBREE EH > & (T ko
F0 B defhenil F12 e 39 (Histone) H3 ~ H4 (Doi et al., 2006) » ™ 5 20 2
I3 iT* A p & 2oy BMALI (Hirayama ef al., 2007) > & 2. ¢ fipit » 1 %
3 FliE 5 o Per222 Cryl 5 CLOCK/BMALL #7i%_i¢ #4520 %] » ¥ PER2/CRY
B L ¥ s ey > CLOCK» ¥ #-PER2¢ fiif* (Asher et al., 2008 ) o

Sirt] s NAD %4 2 2 fipfs % » § 8w N 4 W ehd &2 o § wie v
NAD 7 £# % - Sirt]l ¥ 2* CLOCK/BMAL1 % & » £ |p =3B chfl Fleed F 1+ o
¥ ' MCLOCK#t ek B (H32 BMALI) ¢ fgit % hf2 & (Nakahata et al.,
2008) > Sirt] ¥ ¥2PER2% 3 i¥% » ¥ 8 # PER22 ¢ fgi* %2 " f3 - & m R rd e &
% it (Asher et al., 2008) - &NAD"# & & ¢ » Nampt 5> & # NAD i & B Fredied
% (Revollo et al.,2004) > @ Namptk 1+ % 3 E-box # £~ > % CLOCK-BMALL & *
FE(B7) i&q B¢ Nampt# 7] 4 3.(Ramsey et al., 2009 ; Nakahata et al., 2009) e
g gL R G :; "L’g‘fk’% /] p ;,:f 7]{5 T {F% m%ﬂ?’;7 — o
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Circadian clock NAD" salvage pathway

oD : ot
Nm:t? NMN

MNmnat3

(NAMPT)

’ e
CSirt1 > NAD' = NAM
Bmall @

Clock
NAMPT @ e

Enzymatic
feedback loop

Transcriptional
feedback loop

B 7NADF§d i i Sirtl & o 522 5 p & 2d 52 75 B ARG
Figure 7 By activating Sirtl, NAD" conjoins two feedback loops necessary for

cross-talk between the circadian clock and metabolite production.
(Eckel-Mahan and Sassone-Corsi, 2009)

£ )

(=)  AMP-i& it 39 jcfs (AMPK) 22 59 p & 1=

AMPK 3 it & e ime p i B 2 % 0 & A DffP-F B PAMPKEIRL 1 0 § o
> flgcimre p 2 2 ATP o 3

52 AMP/ATP . (8 4% % BF » AMPK AR EFL b 3 75 1t
AP o gd P LA (TTREARR ) S FA T ALY S
2 p éfa'fi(Damiola et al., 2000) o Lamia% 4 %% 3 » AMPKG; i% B * CRY @
i 2 ' ﬁ; v itkm F *Wé’ & p &2 %1 (Lamia ef al., 2009) °

&0 kit B ),’%,:m*?e i NAD/NADH 2 AMP/ATP it ig > # ‘m¥e it
fé_ﬂ»%:uwefﬁ AR JE "’% Sirt] &2 AMPK # > F# e 9p & L Ed
B mre NS A T2 A TB (B8) 2P &y NuHpR AT IF
PG 2 WHI(FREATERRITY  RARA T FEREY )
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Input Clock genes Metabolic output
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B8 9p & Epfdpip AT 3 % 23484
Figure 8 Interactions between the molecular circadian and metabolic genes.
(Huang et al., 2011)

T~ X P e me ikl

(=) lmeirdy

‘mie FHpdpdwie d N we (parental cells) 4 A+ 7 B3 e (daughter
cells) 2 A L&A S AHARFY FFEFERFANGE) 22 AP (weii
WEAZ) o BB A&7 5 GlE (Gapl growth phase) ~ S#F (DNA synthesis phase)
G2#r (Gap2 mitosis preparation)frM#} (mitotic phase) (Murakami and Nurse,
2000) » fm¥e FHPE 7L AR > $ON e AL ¥ R AR AL R B
HA D4 7o FRw% i (Stewart ef al., 2003) 0 F] A FHEF LG pEE D

e F i enig 7 o

(=) ekl anyy
fore X Ed 7 ik ¥ v F (Cyclin) #7334 857 o % Jw¢ X Mitogenf| g™ >
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‘w e E P R-d GLPF P s& ~ SEFHp .@FDNA%}?@ v LB G2PFEHP > ST1S T
g Sk B e AT e W i 7 AR TR R LR
w *2 ¥ ¥ #F 2 Cyclin#2 CDK (Cyclin-dependent kinase) » & 2_ 25 = 4 & 8 i& 7 23
o

CDK i 34 3%fh/ RV =ps o pe (serine/threonine kinase)’ % £ 4 2 Cyclin & & >
153 HiEM @ & Cyclinif (7% & b4 > PB4t CDK U gRi=pk & it Mf&@
#& (tyrosine residue) «_F FpL it - "f 3 OE ;’% $7 ¢t » % CKI (CDK inhibitor) #*
PR EEREL Y 0 -+ tgdr 4] Cyclin/CDKenis it o

Gl 033 42 ¢ G145 & &4 cyclin D-cdk4 ¢ cyclin D-cdk6 ¢ Rb 3¢ &
(retinoblastoma protein) %4 F#f& it > 3| 7 8L #p | ¥_d cyclin E-cdk2i# Rb3-v i i&
— # Bifs i (Murakami and Nurse, 2000 ; Bucher et al., 2008) > Rb3-v Fipc it T £
3 BT+ E2FR & chae 4 0 R E2FF Y > e e d M4 & IRE N SEATF
A Fe o B¢ wre d Gl & » S (Senderowicz and Sausville, 2000 ; Cam and
Dynlacht, 2003) o # ¢ p21VATVOP % CKI 3% 3% > € 2rcyclin D-cdk4/6% cyclin
E-cdk22 £ » @ H 2 51 » @ e iy Gl -

SHEp e} #7 1 SH X FleyclinA-cdk2#73% 45 > iz cell division control protein 2
homolog (cdc2) % % F|Weel#mifik it » R € i *cyclinA-cdk24 2 /&L > ¢ m¥e iF
% &S -

G2/MBP e 2 fie ~ § 34 2l 8B > cyclin BE2cde2 ¢ 45 & #43) ¢9MPF
(mitosis-promoting factor) 4§ & 4= » @ Weel ** — &k & ™ ¢ #-cdc2 t Thr-14 %
Tyr-15:& e it @ 2 E i > grE A 3 354 AP > cell division cycle 25
homolog C (cdc25C) & jf #-Thr-14% Tyr-15+F crgifi 34 ‘% > i cyclinBi e
FET LG EN ad G2 E » 3 554 4 8 (Pines, 1999 ; Shackelford er al.,
2000) -

(Z) X¥patBeedi

AL RIS LR S R E A LS S T & LR )
FA L REHFTBEFELE LA p S S8 meﬁﬂwﬁﬁpiﬁp
TAEIR bl ik (Euglena) ® wmv o éJ d 3R 4 38 pF 4 2 7 (Edmunds and
Funch, 1969) » & 3 # § A5 F8pede t A F ~ g ~ 8~ v g e o 3

Ay e El fﬁg it (Bjarnason et al., 1999 ; Garcia et al., 2001 ; Scheving et al.,
1983 ; Buchietal, 1991) > » 3 F 3 & F w2k h v X | &M A TR
FoRZEIRSGERLIR X AR L wR? c weFP A RFI RS ENEF
(Matsuo et al., 2003 ; Grundschober et al., 2001 ; Bjarnason and Jordan, 2000 ; Hunt
and Sassone-Corsi, 2007) °

Matsuo & 4 | & 3F57 “fﬁ TR N p &M ATISd A Weel
oo @ FEIFR e P e E B G2/MPF > 3 & 84 L Weel 8 F1+ + 7 E-box
% gL > 5 CLOCK-BMALL i®#* {7 &/ & % J(Matsuo ef al., 2003) » & 5 7=
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1 & MWeel # 4+ 5 d CLOCK-BMALLE it (Gekakis ef al., 1998) » ¢ PER-CRY
Fr4](Kume et al., 1999) -

BAFGI P CKIT% 3v p21 " OPIMRNAS | BF50im e F IR & 21
Z 3> p2 "R 4 )% 4 ROR response element (RORE) » CLOCK-BMALI¥ &
d & Y Rev-erb 2 Rorfh %1 % 1 » & @ 3 4p2 1" 7P i b(Grechez-Cassiau et al.,

2008) - B9% K p & EpFsme ek AR B A S 4] -

= RORE

(Grechez-Cassiau et al . 2008)

@ALD) cLock
— e — -

— E-box

{Matzno ef al., 2003)
® ? 7
® ®
cdkd cde2
—

cdkd ede2
—
cyclin D T cyclinD cyclin B T cyclin B
Inactive form active form Inactive form active form
edc25A 1 cdc25B /C 1

GO meemmmmm) Cl ) S smmmm) G2 wmmmmp M

B9 Yp aEpsasmedhiphd s B4 -
Figure 9 Molecular links between circadian clock and cell cycle genes.
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© > % 2 2/ _\
= }?r;] VF m e i’% e ’fﬁt}\‘

- -? i%?ﬁti\‘

Pa bR 3 BN 0 T e 5 Wk 2% (in vitro) 2 88 P 3E5% (in vivo) o 4§ ’fs":
FAHE PN e PR FH R A R P 2 RS R FRE
BFEBEE > IRiBwmed L2 g RS A o s ﬁ%*%xkﬁpﬁ@
R RE HH o y e iz ~ A0 s 8 &’rﬁ’ ML BEE S F)d A LR
BAFEE WRERIH Do P2 F B9 > nrmieis & R L
e v A = B g 0 e et 3 b (Novakofski, 2004) - 4 5 e ¥ R (cell
line) 35 % ¥ 4= i\ ¥ 33 % (primary cell culture) o

A7 N e s & mxﬁ%‘t BN E RSP ED Sme T RPN 4 _?Ta A5 fi o
fe R GAPI S TP D AP MAE A A KR EINEPE & 2 P2 (Bjormtorp
etal.,1982) c s AA NP2 T HFIM > p L5 AT A RIFE SN ATER mrE
Ardo IR it R s a3 K w5 14 & (Gregoire et al., 1998 5 Masuzaki ef al.,
1995) » ged- R hmre s A L 5 F P pir e R AR kg o

)

AN M X LR R TR S o

o v s A 0 g e dn s ARE A S B R im e s ny et 3 & i
TR RS E e e i dme ks & B A Va4 'FT 2 538 4 78 (mitogensis)
M A ime P o B PliE - TR AR T chdwie {oimre I 3 4p 47§ (confluent) 5
PEECeim e 3 & 7 de 2 & (VBB R F W wmre AL o

FOR ATV ER G FioAg 2 1@k B 7% § % (insulin) ~ dexamethasone(DEX)
% § % 4 & % :§insulin/IGF-1 (insulin-like growth factor-1) = %% crgifd fe ve 2k fs
J#rfF B 75 (phosphatidylinositol 3-kinase pathway, PI3K) {1 & protein kinase B
(Akt) > @ Akt &g nkmre & it 5 B> H L PIBKE /0T 25 %]+ 2 - (Kohn et al.,
1996) - DEX % A 1 & el HaEHE > S#F 7 WaeC/EBPoh 4 R » & 34
% C/EBPag? C/EBPRIE S 4 I » & & § £ 4 fx#PPARy:14 3 > @ d C/EBPasi
HE v aFPPARY AR B3I F i pme R AT i R(Wu e al,
1996) -

=~ gl X p SRR R
hA gy ,xfﬂ, FANTALG 2 P fpd TR 4R Lw’é’%é.&ﬂ_f‘%‘{f@m}?ép\ NE
A2 TR k2 M AT R ATFIZ AR T XIY RAAEEEE
aéii MELie @ L (Damiola ef al., 2000) - 2 3~ £ 5 % )T*u%‘ SRR ET

4

F
4o F 4 Hij{ f1;# % (Adrenocorticotropin, ACTH) ~ 7 ;& HJT\@‘ %% (Thyrotropin,
TSH) ~ i¥ 2 %% (Melatonin) % > iz # j7 f ***“’fsi;ﬁ,t". HpzaEpamgi
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(Chrousos, 1998) c fim?e 33 FH N T » L fme A W AStH b 2 EPFsE T gL > 2
T BRI P SRR FEERY I ITE AT e SR b AP oD
qigk o

Pave 3 Scme g R0 % 11 BRR S GRIL Tl Xp & Eip M AT
e #p it > de @ Rat-14% 2* ‘w2 (Balsalobre et al., 1998) ~ & &5 754k a2 'mbe
(mouse embryonic fibroblast, MEF) (Nakahata et al., 2008) ~ NIH3T3 %5 35 ‘o ¥z
(Nagoshi et al., 2004)% » * ¢ 3 7 %> A 548 2% (Qu et al., 2008) ~ colon-26
o B % g oz (Okazaki et al., 2010)% NIH3T3%g % m*2 (Garbarino-Pico et al.,
2007)% o 1% 50%%a 2w Pl s p oA A B A FR - o

Balsalobre % 4 **Rat-15 ‘& e § 5% @ (H10)> 11 % & F (I~ -] P> Per2
MRNAZ JR 2 g = o 30 G~ PFriE 3 g > @ = o] i (o i 1120
| )R B 44k (Balsalobre ef al., 1998) o &7 3 303 s 0 1% 50%%5 4 o F 30 p
FA N m A TR IR SRR )Y TR & L AF

B Ry ki X SRR L2 3 o

01 & B 1216 20 26 28 32 35 40 44 4B 52 54 60 &4 68 72 hours
-

~m b . . Par?

Bl 10 Rat-1 5 8* k% 5o 5 {15cis Per2 mRNA # 3R ©
Figure 10 Per2 mRNA expression in Serum-Shocked Rat-1 Fibroblasts.
(Balsalobre ef al., 1998)
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AR R 153:*¢¢’ A R& (B2 F }}‘*r%,f’i (L2)# & » 82 55y
stromal-vascular (S-V) fm* &£ 72 % " BAN I FRELATI R AR L &0
ﬁ;ﬁﬁﬁﬁ’ﬁﬂ%Ti

BEH- AR ACA LR g s e gp SEAFILARZ VR e
e 3% R T W P R m e IEEL 0 4 WU e 32 1 % alamar blues 1772 0 B E g
ARAER T me TP SRR A TR RIZ R IR 501
8~12~16~20~24~2832-36-48 ] pF » 3 B-RNA' d Real-time PCRA 47 £
Flda o MO EFRRH M AFEARL AR > LA T L w g ame o 4
Patdimie i Ap Rl A Fl2 AR o

B AP AT LR A LB gD SEATARL R W
& T 1 10%H A it SR ARTEC e & AR LI APART ﬁﬁi" B e A Ry L o T
L RAESE XA R FND SEAM AT AIE L IEF (S0
8~ 14+20+26~32-] pF » 3FB~RNAX d Real-time PCRA 45 & F]1 & 3 » 1 0-] pF
ARt AT ARG ztkﬁwtﬁw LR P SR M A TR -
EWATMRES S X > we B FMY A2 £ %2 GPDHEE & S A 17 FALS
L AL L A 4

I N G R e e TS S LAY
10%H 22 A P ERFES L oA BERA 2 Aulirg %gg,;r b X
# x/%i% A0 % > BRWE 2w g2 B8 ¥ 3P RNAK d RT-PCRA
FRHAFREAR A MBER A A AFLRIAR BEI A BES A2
%5 F A “fi—‘f oA uEa 5 il s SEA TR R BE 1 E % E S
PFAFHABFRAL A S AR P BN HATIA R LR -

TR B
-~ Fmbr

Foadp i? BAFET 2 SHFIRI2EBE ISR E(L25 4
Fpo A A L A0 FEE FEGEREF OB &k o ko A ERlE R
e A EREE) A B Ak AR A A ER > T 18 NEHR 0 A B
A oA A RAEEALR(Y I8 R L28 B &k 0 1 40 F# DA A
W G 87+19 3E 5 58+17 3f) ©
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Table 1 Reagents applied in experiments

A LR g 2 P A i
Collagenase Type 1 Worthington, Freehold, NJ, USA | LS004196
DMEM-F12 GIBCO, Grand, Island, NY, USA | 12500-062
nd iﬁ‘-(fetal bovine serum, | GIBCO, Grand, Island, NY, USA | 10270-106
FBS)

¥t 75 (chicken serum, CKS) | GIBCO, Grand, Island, NY, USA | 16110-082
5%, & 2 (insulin) Sigma, St. Louis, MO, USA 1-1882
Dexamethasone Sigma, St. Louis, MO, USA D-4092
Oil-Red O % | Sigma, St. Louis, MO, USA 0-0625

% 7 (chloroform) Sigma, St. Louis, MO, USA C-2423

? Az (formaldehyde) Sigma, St. Louis, MO, USA F-1268

7 = P (glycerol) Sigma, St. Louis, MO, USA G-6279

£ A f%(isopropanol) Sigma, St. Louis, MO, USA 1-9516

% B4 (octanoic acid) Sigma, St. Louis, MO, USA C2875
AR E Pierce, St. Louis, MO, USA 500-0006
2 i 7 ¥9¢ (bovine serum | Pierce, St. Louis, MO, USA 23209
albumin, BSA)

RareRNA 3 B~% EEFEF AP 5S¢ 0 4% | GPRO2

] i ¥ Riedel-de Haén, Seeize, Germany | 32221

Taq DNA Polymerase Takara Bio Inc., Shiga, Japan ROI1TA
Triglycerides 4 17 3% | Randox, Antrim, UK, USA TR213
QuantumRNAT)\ 18S Internal | Ambio, Austin, TX, USA 1716
Standards % ‘e

2X SYBR® Green PCR Ambio, Austin, TX, USA QPSYO01
Master Mix

Superscript 111 Invitrogen, Carlsbad, CA, USA 18080-044
RNaseH Invitrogen, Carlsbad, CA, USA 18021-014
Alaman Blue Invitrogen, Carlsbad, CA, USA DAL1025
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ﬁﬁ;}”ﬂié@ﬂ &% w kEL s 1Y 'rj‘-‘g #* o] _}Eép#,lépé o EEL IS P 3@&’1#1&’1% v ok
BEE LS A L2 B gk 2 A TR (T ) % T 15 i
6 FEP LY BT w5k o

LN R/ RCEER ra:N

LR P S - A F G UGG > BRI R e B R A
¢ 1 g o 2 DMEM-FI2 (pH 7.4 > } 7z 2 mg/ml collagenase 2 100 mM N-2
hydroxyethylpiperazine-N 9-2 ethanesulfonic acid (HEPES) £ 1.5 % bovine serum
albumin) - £ e S % fe 33 £ 2237°C R K # T (130 rpm/min) 1204 48 > 33 & {5 4c
» 5% M4k X 7 collagenase2 buffer » 5 imie i jp A 1* BB R F % dore 3
r250xg (roter 1617 ; UNIVERSAL 32R) #3445 » /»\é,g PR o Ry ke (S-V
mPe) BT R AR P ik e o B P 3%t e 1Y lysis buffer (0.154 M NH4Cl, 10 mM
KHCO;, 0.1 mM EDTA) # %> 2 £ 104 453 f o IR T B e 121 10%
FBS/DMEM-F12: % -

#9595 0¥ 15 % 22 10% FBS/DMEM-F12 o fm¥ £ 5% T pLotss %4 > 12 5 4
1.5 mM% fit 2 10% CKS/DMEM-F12 i 7 4o *h i 528 (175 M %% § % -
1 uM Dexamethasone) 3% & mbe A it » PPz & L AL H0x > His 4
BAREA P LH- TR ER DR %G F (L75uM) 3 & a7k K 23
C %23 “BERL5%-

i o e

7 ~  Alamar blue4 #7

mrp ok dE 35om’ T I Ao E - DI A fi‘“ iR T 1X
Phosphate-buffer saline (PBS, 3 mM KH2PO4, 9.4 mM K2HPO4, 0.15 M NaCl) %
& 4~ 1 ml 10% Alamar blue 238 % %2 (FF F L F 3 im™e s %% § 04
) B AE O~ 37C 0 5% CO* 3 4 48 2 [ PFts » By &t Ak kB 2h3f B
ODs7o (B f5 )% ODgoo (¥ i i )BcE » T 2T H 20 E Hwiz B Rt & o
T o e o
117,216xT570 - 80,586xT600
2 3% 1 % Reduced = %100
155,677x C 600 - 14,652xC570
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T570=% % %t 570 nm St f
T600=F % %t 600 nm e fz 3

C570=i2 % %% e % & 570 nm e fc %
C600=i2 3 im*% ez % & 600 nm e fc

VX

I BERRmegp SRR RIT

wmPe e Hp 1Y R g2 4% Balsalobre % 4 1% (Balsalobre et al., 1998) » #5%
NP A B g Bk R R TR 0 B R BT v - ) Eﬁ? » Per2 mRNA
AP NPT S 0 D R (T 20 ) ) 2 Bdnd
(F % %% B 2) £ Balsalobre % A 2548 » Lt 4 /%&,;«E, 85k X D
FERHZ o meE g T LR 2 50% FBS/DMEM-F12 (serum
shock) & | P /JZ & fm¥e e ) 1 o £ 33 & i 3k % DMEM-F12 (8 % o i 1) o
A e PR A o

= ~ Oil-Red O # ¢

w3 £35S emi A ¢ 1A E8R 3 ‘iR iR IX PBSk 0 &
£ 4v ~0.5ml 10% formaldehyde>> 2 /g T # ¥ 304 &% 1 H L iwb o L 1R F
kg o 4o » Oil-Red O% & (0.3% Oil-Red O, 60% isopropanol) & ¥ ** % i§ T #F
k1 pF & ,fﬂiiﬁﬂ% YR PR F i R o Bt 4e » 10% glycerol & *t AE ST 4
R A

Ve
4

YW A7 4 (TG assay)

mE A3 Som g P I A K6 5 2 fi‘“ % ik ¥ 11X PBSii%
£ 4c » 500 pl35 %% (0.25 M sucrose, | mM EDTA, 5 mM Tris, | mM DTT) » * ‘m
Rl R s A ¢ BT R o B AR R RAIST A RE P4
12500xg (roter 1159, MIKRO 22R) 354 480 P~ (7 o {8 mie H P 2. b iR o
RAR SR FREFAEWITCLZ o W fd AR & 3037CF S A4 {1
AR R B S00 nmiR| TR R B Mt E RSN F R RS R T A
FERERPTHRARTY FTER T E-_HHYW@mEE -

T o e o

[2.29 %(ODsample/ODstandard) X 32 R ﬁ;‘ (ub]

TG (mmole/mg protein) =

mg protein
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A~ H 3-ppe 3 3 fRiE 4 17 (GPDH activity assay)

w3 £35S om sk ¢ 1A E6% 5 3 "R T IX PBSFik 4
*>500 BB F R sk R P m”é’*"fk% B AR A RIS D (S R B R
4C » 12500%g (roter 1159, MIKRO 22R) #5445 » T T & 2w {8 fm e 3P~k 2.

PR E ‘/p w3k > FGPDHE & 47 o & (74 7w > & e
Triethanolamine-EDTA premix pH 7.5 (200 mM triethanolamine ; 5 mM
Na,EDTA « 2H,0) » fe = £ {5 v § § T L > 3 B 4 F ¢ 73 » 3100 plik
st iR o 02~ 800 ul assay buffer (Triethanolamine-EDTA premix 8 ml; 1.43mM
p-mercaptoethanol 9 ul; B-NADH 2 mg ; = #-k4.8 ml) » & {5 £ /L » 100 pl
dihydroxy acetone phosphate lithium solution (1.1416 mg/ml) ¥ % < 5 » iR &
A A sk sk A 2t £ 340 nmif Bk Sk kB o 10 E 3045 B AN IR I R 254
4 0 054482 KB (Ags) 214504573 ki (Ags) 3B kiiz £ 8
BEREER S Bis 1 Ry ?ﬁ/”\’]“r? e P 2 éj/?:/%‘ni’ L %%/%)i JEPEE ‘)‘?“5
Fo ZHEBER > 2m ¥ KIFGPDH 2 Fi -

GPDH &3+ 8 = 250 5 ¢

/A\A/min

GPDH activity (U/mg) =
0.00625 OD x 1 nMole x mg protein

4~  %RNAX B

MR A GemE A B AL AR RS fi‘“ %% 11X PBSiFi > @
fs ”J 4 0.5 mlehRareRNAZ P~ » e B 4 3 dg g o v~ g 300 uliR & 32
3 7R 15 3.2 12000xg (roter 1159 ; MIKRO 22R) » 4°C » 104 45 > >t g = & :i%—j
/é“f_;ﬁ R I Arendggee g » A A b ,;L,, SR o F ;fﬁ%;‘&' L3 5 g
12000xg > 4°C » 54 4815 > E KRR b T0% P R 0 A
14000xg(roter 1159 ; MIKRO 22R) » 4°C » 104 45 - #-+ R Gk f;cyi' ) 3%
I FEFR R 0 4o 230 plsADEPC HyO 7% fds ¢ ANk » g
FE 60T 54 48 0 B fs BT 5 P20 BRNA R 3 3-80C o

v AR EER SRR 4 5 B (RT-PCR)

B RSP M AT PCR F T 2 H AR - B P2 RNA 2 &8 A K1
0.3 pg/ul > 2 RNA % T A BB & 58 « B4l 9 RNA & * PCR 4. 4 p
# ¥ 4~ 1 pl random primer Bug/ul) v 7ul s F-k353 R & - 3 70CF &
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10 /& 4818 Poid 30 #4030k P 0 20 {8 F 4o~ 4 ul 5X buffer ~ 2 ul DTT(0.1 M) ~
1 ul ANTP (10 mM)Fv 1 ul Superscript III (200 unit/ul) ;& &323 > * 25CF J& 10
ko R EA2TCFE RS2 424 £ 2 T0CF B 15 2 480 B {6 4 » 1 ul RNaseH
2 unit/ul) 337 CF 20 #4850 #4 A 330200 c 27 F 4r{s 2. AR i
7 PCR ¥ J&» & ¢ PCR /| ¢ © 2% 1 plTaq (5 unit/Iul)~2.5 pl 10X PCR buffer -
2WdNTP 2.5mM) &7 &2 513 - $ & 1l (10 uM) > 5§ 16 4c » 1 pl cDNA >
R F R A BB S 25 pli TR o F RT3 G B4k 2

S

22 RE[r R4 F KA 1T B A FIMRNAZ L2 513 & 7|

Table 2 Primers used for PCR analysis of genes expressed in chicken adipocytes

PR %% B 7 JEN 3T
NCBI GenBank #
Adiponectin-R1 | NM_001031027.1 | Forward:5’- ACTGGCTGAAGGACAACGAT -3’
Reverse:5’- CAAGACGCAGACAATGGAGA -3°
Adiponectin-R2 | DQ072276.1 Forward:5’- AGGACAGCTCAGAGCAGAGG -3’
Reverse:5’- CTCCTGCACAGGTGCTACAA -3’
PPARYy NM 001001460.1 | Forward:5’- GGAAAGACGACAGACAAATCAC -3’
Reverse:5’- GAACTTCACAGCAAACTCAAAC -3’
Perilipin GU327532.1 Forward:5’- GATGACGGCGAAGAAGAATC -3’
Reverse:5’- TCCTCGTGTACCTTGCTGTG -3°
Adiponectin EU620700.1 Forward:5’- AGCCTACATCACCACGAAGG -3’
Reverse:5’- ACCACACGACTTCCCAAGAC -3’
aFABP AY675941.1 Forward:5’- GCACTGTGCTTGACTGGGTA -3’
Reverse:5’- CTTCCAGCTGCATGTGTCAT -3’
Sirt1 NM 001004767.1 | Forward:5’- CAGACCCACGGACAATTCTT -3’
Reverse:5’- TGCAACCTGTTCCAATGTGT -3°
Nampt NM 001030728.1 | Forward:5’- TCCTCCTCGCCACCGACTCC -3’
Reverse:5’- TCCAGTCCCTCCAAGCTGCCA -3’
AMPKal NM 001039603.1 | Forward:5’- GCCCCTTGGGCAGTGCTTGT -3’
Reverse:5’- GCTTCAGGCCATTGCGTGGCA -3’
ATGL EUS852334.1 Forward:5’- GCCACAGGTGCTGCGGGATA -3’
Reverse:5’- CTGGGGCCCTCCAAGCTCGA -3’

L W pE R & fridasd & & (Real time-PCR)

-~ Z Hp a4 A 72 Real time-PCRA 172 £ 3R > #cdp B % £ 11
CircWave v1.4#c48 4 478 & &4 §& (http://www.euclock.org/) « & B~ g R &
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10ul SYBR® Green PCR Master Mix#? 1ul cDNA » 4¢ » 513 fie X
MR8 F% 520 pl o 12 ABI StepOne Plus™ % $eig (7 > & % 4o
' 60°C 14 45
Pl > B E 3 NS R ATPRBRAFOCTES H
BEWERARFILAIRE » F BUTH 313 B e A 39T

éﬁ‘/r" » 2

Kzl
B 2| Hek B el

2. t595°C 154)

Ak R o F
195C 544
250 1118STE S P R
| 18S 2 FehCT & » #7182

£ 401 757k -

43 TER LR F A TR e A FIMRNAZ L2 313 B 7
Table 3 Primers used for Real-time PCR analysis of genes expressed in chicken

adipocytes
RE LA | 2 A 513 B 7
NCBI GenBank #

BMALI AF205219 Forward:5’-~ATGGAAGACTGGACTACGCAGAC -3’
Reverse:5’-GCTGTTCATTTTATCTCGACGCCGTT-3’

PER2 NM_204262.1 Forward:5’- CAGTGGATGCAGCAGCGAGCA -3’
Reverse:5’-GCAGGAAGGTGAGCTTTCAGCTCTT-3’

p2 1 WAFVCIRT | M 204396.1 Forward:5’- CCTGCAGCATCCTGGTGCCC -3’
Reverse:5’- CACGCAGGGCTCACACCCAG -3

Rev-erbp | NM_205205.1 Forward:5’- AGGCCGGGACCTTTGAGGTTT -3’
Reverse:5’- AGGTGACAGTACGCTCCCTTGCA -3

RORS NM._205093.1 Forward:5’- CGGGGAGTCGCCAACACCATG -3’
Reverse:5’- CTCCGAAAGAATCCCTTGCAGCCT -3’

Weel NM _001031181.2 | Forward:5’- TGCAATGGCGGCAGTTTAGCC -3’
Reverse:5’- GGCCTCGAGCCACCTGAAGC -3’

CRY1 NM_204245.1 Forward:5’- CCGCTGGCGGTTTCTGCTTCA -3’
Reverse:5’- AACATCTGCTGGCTGTCCACGA -3’

4=

Iy

TS AR AR T RS

s 4

SARRL B AR R 2 B RS T (T Ik S

6 X k&% o RP T ATE By 0 1 L3 04 Statistics Analysis System (SAS)
¥

BETAIT o - 224
Bl B &M ATIAR
SAZ X p M ATIIRHARTEET £ (P<0.05)
ST R R ARG R - p & EAFLAR
(http://www.euclock.org/) %~ 472 & E+ 4 3
Linear Model) i& {7 % > & 47 » 12 LS means '* f e fFF T 3518 2_
% 11 P<0.05 %

2o d

mre A B 4% R RS (2 e

W fg 7 £ % GPDH % %
At BECRA 5 BT Ez LR
IR
= % £ 2 g %8 CircWave v1.4
o Bk = M- HAM A (General
ARHFN - A3

TIRHEEALR
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EAFL R R

PERRE A B 4 B ke B o AR 4177 A Bl
hrred LR RFEHEMB - pwe LG EREASLERY L0
SO SRR -ENEANE I R il S S ek AR I gL H%.&.E'_.?T%\i’“,f TR IR B R e L,
RN READ T PR L S AR e AR G B B Ry e DY
2 BP PR P B m iRm0 RS d A0 TS R ikl e
moke e drimre g S A HiEAE S T R IIG P &Rk 2 A ¥ (Matsuo et al., 2003 ;
Grundschober et al., 2001 ; Grechez-Cassiau et al., 2008) o F]pt A 55 P 1> ft
WA AFN AL w g pme s HEREND SEPMATLR -

BN \gmpg—:/,,\)gji 128

W PR AL RS o %R A S X4 BE A ES Ve Bicp B
e fﬁ%ﬁ%ﬁ%‘*r_‘s L25 % (B1A) o Alamar blues 79 S % &1 > we 2 % %
I X BRAiplwmeRRad P BEREFFL2EA(RIB) - Gd P37 %
M7 o0 BR i A RONL25 A e 0 S-Vime § pbeend BliE B o

— 2/ SRS
-~ Hp &

e A B2 WG ERET OBSE AL 2 S-Vimre 3 RL2E i P HiE R
Flitig- HEET e s JEY o A R kN S EpM AT AR LY o

(-) HYpEEREATLR

SV Jp SEAPMAT AR H L A2 2 0E > W F L T Rl F L
B(F3) - 9p S EMATCR D Fr T 5 3 % 5S-Vinte 2 Bmall ~ Per2 ~
Cryl ~ Rev-erbf mRNA S #x %8 (CircWave v1.4) 4 47 » 97 % 2. & E IR tg4cB)
#1757 (Bl4B2 7B) - B& 4 3t & S-Vim* e mRNAAp ¥ (0-] )& L& » 30 Hp it (F 3
{612/ ¥ (Cryl ~ Rev-erbf) ~ 32/ % (Per2) ~ 36 F# (Rev-erbf) -~ 48] p*
(Bmall) » %+ 5% 8 125« (B4AZ TA)

¢ fvRev-erbfiE 45 d CLOCK-BMALLE i » @ B iT#% £ PER-CRY#r 4] > H
¢ Per2>t e #p iv 18 {532 pF > BR 4 APRL2 & 4 3L & S-Vimre > 3 RE R
Z TL(BI4A) > "L1E36 ) FFad 5k Per2ip ¥t 2 P A F L B o IR it ie®
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f636°] B¥ » Rev-erbfz. # AR » B&- AP RATL2 5 k3L & S-Vinre 3 (BTA) ©
FELI RV AMEE THATNEIR IR R Y 2 Fe F
p21"*F1CPl(Grechez-Cassiau ef al., 2008)£2 Weel(Matsuo et al., 2003)2 3 FliE 4 >
BRI PR TR Pt KR e AR AT AR LR -

(=) wwirdiph A FE R

p21" VL R sk 2 ) R AT 2 A AR r g A 90% 0 %
e e { ¥ % 1.7% (Naaz et al., 2004) - 3T3-L1# piplmfPe 2 3 ¢ o 38~ 50 & 14
P dmie g 3N LA EBRF o FELEF e TR
CKI*t gt #p £ 3 > e im?e ¥ #p 2_ i {7 (Harper and Elledge, 1996)  #5 % m¥e @ >
PPARY ™ 4 4 p2 /" AFVCP 4w £ 3. 5 (R ®5 % fw %% & i (Morrison and Farmer,
1999) o %5 95 fm sz i » A i w P p21" TP 3 g 1 s S i € - &
I $e=x endw e & 4] (mitotic clonal expansion) (Cornelius et al., 1994)° w4 i 14 »
p21"AFCP 4, g, ¢ T "% (Morrison and Farmer, 1999) o d ¢+ Gep2 ] WAFVCIPL 4 g o
himve b B AR BT e

BAZEHY RPN EY oA B ki8S Vine 2 p2 " P 2 pee] mRNA
AWM EEEBRTRAFLFY FFFSALFI LRI SRR
WIS g AR REREFESESE CL25 kR ES-Vinre
e it i r T o p2]MOPT RNAAR (0 AR 0 X SRR B F R
Bk (12516 ~ 20/ FEg #h) (RI8) o Weel>t I it 184 T > & 5 k2 4p ¥t &
RET A FLE(RS - SR P i T 2% kHESVimr
p21"™PImRNA » § B 5 R L APHOLF)ERE 9P B EF K FL

S

24 AR AP L BS Ve Yp M ATAREIRLR
Table 4 Relative expression of circadian-related genes in adipose S-V cells from

chickens with different laying performances

HpEEAAMAT] | EHO IR ST EFLE 2 FRTE
(P<0.05Bvs.L2)

Per2 32/ (B>L2)

Bmall 48 -] F (B>L2)

Cryl 12 -] @ (B>L2)

Rev-erbp 1236 (B>L2)

p21 WAFI/Cip! PRt T A SpERELY A28 B & (121620
| e b

Weel AaFLR

FEWR%- SR OBR R ES- Vi gt L5k F R B R
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HYgp &b L F & R2 Rev-erbf>t 12~ 36/ BF > **B& 4 L B S-Vim e 5 fi
B iRty o mr W ARM A TP 0 B rG2MEP 2 3w FWeel 0 203 &k Ap ¥4
REXAMELE A28 LE 2 AWRIGUSH 2 36 Fp21 VAP 2 4a (0
Q)RR o 2 arp2]"FVCPT A F) 1 ¥ 4 RORE ¥ £ (Rev-erb#t 37 5 £2) » Rev-erb
7 g e p2 1P i i(Grechez-Cassiau et al., 2008) < B & 3t & S-Vim ¥ 4
FHABER > T AP &EAFRI LT 5 5B TRev-erbfp ¥ ERLE > &
A 42l A R L R & e A B RRL2E K S A Sk e
N2 AP AT IR SELPE PG Fe- HRGFE AT 4]
B d 3@ 2~ p ¥R E SRR SEHRT H?UHW” oA 0 R
B h ; e sk g B (W 2004) o ABEHFR LA EAEFRT LA T RE
H o g 85, m”e/}gk BEM LR S L Rp ;%“ﬁ.é? =52 7 7 ¢ (Donnelly
et al., 1993)» p i‘/ﬂiﬁﬁﬁi"‘}}/ﬂii W iplmiE g -2 A R BE T - Reape
Foebo htdmoud R4 SEHIEE 2 B E/B‘."’L’#\Hi#l~¢ i ¢ (Cartwright et
al.,1986) > HF LA L2 EHRT > Hivg "E”’i‘“’ FairE & 0 B Pk lnm e
Z P B NERTERIEFSR *?#\m%‘jﬁ °
TR o sl o TSRS € BIFE T %”“v:‘%ﬁ'fﬁﬁ(#ﬁf@m}?éﬁcﬁ 2
T2 )G OE A iR o R R RS 2 g A e e B gs‘&%(Spalding et
al.,2008) o F]gt > A BB ERT 2BE S A FRGENRT 2125 8 0 W g in
e A BE R Vo AN F AR R 0T R 2 -

WEHC AR AFN G B me s LB SR

A F A 2R

WA e A Fei 4 o 82 e Y 2 LIRAR 2 (5 0 2008)4p 0 B
A REL25 ik o Hrginimie b 4 B g e T g B M B
WB& ke wp ok kR zc—bi’ Ao FRE Y (N g 47 (Bckel-Mahan and
Sassone-Corsi, 2009 ; Nakahata et al., 2009 ; Huang ef al., 2011) o F]}* > i& - % By
f3 e A dic 4 e g ismie 30 A L iEARY 2 9P AR L ATF S G AT
EAR

[

P iplm e AR R R AT 0 P AmE Rt A LB R R D R AR w4 %
fuodb fviEfRY e MBEERMT o NA B i REFASELZE(RI) -

S~ Rpipimve = e b By 7 ¥ 2 GPDHpE £ A



‘”l

AVRimRE g o T B Ry sk imie 18 0 T B GPDHenA LB E > H B

ZEH PR R e N a4 o FR o Rk e Y Z W
@mHmw,ﬁéuuwHﬂﬁ@ahﬁ&mw%oﬁﬁéﬁﬁﬁwFW%

R L2 A H R AR & 4 (B110)2 GPDHpE £ i B(RI11) »

‘%’:‘Br\—’,‘;lﬁ °

~ TH
Jg o

PSR- X%
1-&" x.

or 4 }f‘\i
ok :*,: [l \rnb T*;;\
<l

2/ L2
~ Hp e

i

Uiﬁ&ﬂﬁﬁ%%iﬁﬂ?DHﬁ%wﬁ4mw”MﬁmWEWLh4#pﬁ &R
&7 e APROTBE & 0 drke 4 % (2 0 20065 F 0 2008) ﬁi#%mﬂA "o

4°ﬂﬁé~ﬁﬁ%¢ﬂ@ﬁﬁ’@p$&% Ak -

3T3-Ll1% fgipimie S ® » 3 FEL L2 4 5w X > Bmall MRNAT B 4 4

W i b Bmall fFVFG L RGP EIR 0 B aS-Vim e rUAp I i 255 E A 1 (g

TooApRTIE A AL} B mE e R g e > @ A | Hﬁl\pf‘;ﬂw;» H L=
TE AR mre A a4 3B I Bmal IR R B M A F] (e
phosphoenolpyruvate carboxykinase, PEPCK - adenylate kinase 4, ACS4%) % 3R
(Shimba et al., 2005) » d pt ¥ FeH 3075 0k mve & L iEA22 B 500 o

%@u%ﬁ’%&f”vmw’ﬂﬁbﬁ%%wa’JB%%W%EW%F
it 2. AIE o **RORSMRNAL ILE » B&- i FairlmP 2 B ¥ 3 T L25 % ° g ¥k
wie Sl dp it 1T {80 @ &k w8 ¥ Bmall ~ Per2 ~ Cryl ~ Rev-erbfi ~ RORfF mRNA
mRNAG #c48 (CircWave v1.4) 47 » #7§ 2 & 4 RAcB #7r (B 13BL
17B) L2 4 5t & %3 9% m”EmRNA#BﬂL(O F)ATRE SR e f;:wf%
(Per2 ~ Cryl ~ Rev-erbff ~ RORB) ~ 14| B% (Rev-erbf - RORﬁ) ~20-) BF (Per2 »
Bmall~Cryl ~Rev-erbfi~RORpS) ~26] (Cryl) ~32 % (Per2~Cryl Rev—erbﬁ
RORpP) > ¢ B¢ ¥ % **B& 4 (Bl13A% 17A) J’%ﬁfﬂ““'r(z\s)

A5 AR AR L pmie P S RpMATIARHARLE
Table 5 Relative expression of circadian-related genes in adipocytes differentiated

from adipose S-V cells of chickens with different laying performances

HpaEpMAT | O ] F)ER P<0.05Bvs. L2
Per2 12032 ] #(L2>B)

Bmall 20 -] E(L2>B)

Cryl 1~20~26~32 P (L2>B)
Rev-erbp 1-~14-~20~32] #(L2>B)
RORp 1~14~20~26-~32]F(L2>B)

BFT Y %%’T\ff?*w\ Gl B g R RE G REORE 2 B (KK mice)
LR s AT e B E o Mk 2] B (KK-Ay mice) 0 fa Whimie ¢ K p &
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An B A F12 mRNAZ G AR > gty dlle ] 8y T > 27 iLKK'J‘ Bl G
B MRty 0 @ AKK-AyR| B & '8 M IRty (Ando ef al., 2005) o g 35 8 g VAR
ﬁ“’* e I L é’%#"%ﬁp\ IWT—’L fir’ m 8 Py ﬂﬁ%w’ pmre ¢ 4 z\»mi Ci ¥ Ed

Lo e B f sk f * ¢ fl’#‘k @%@_%’ﬂf;—'h}_% i (Pickavance et al., 1998 ; Calvani et al.,
2004 ; Yildiz et al., 2004) -

PR SR IMART R R EEIA(TREAR)BRS
-7 %K(Damlola et al., 2000) - & .3_&.?7%‘3#%1’{513% BB Hp SEpMATIELAR
A PELeHEEN R F G Txf’gﬁ’r?‘f'%)’ Fla g A MELREHFLG 9P
S R g o sy A G R p o B P Aane g Ea BEY &
AR A T2 LR %Wﬁ“ﬁﬁﬁi‘@°

FeEEH - BERTOL2E AAMRNBE L e i BB B8
Livgg 4 o TR I T T Per2 ~ Bmall ~ Cryl ~ Rev-erbf ~ RORS mRNA %
oo FRF PRIy o d LMREHBFIR > A S AL B wE R iEr T gp
G AFIARIEGH o o7 G AR i $ T R H a7
e e F]2. -

W AR AR A L e £ BRI
23

AT BT o ¥ A &k fafEa 4 2 24k o A B 2E (glucagon)
flge2 T »BAL2R f 5 F Bk F v bIX RMFLE > AR LB B AGHR
Tlge™ > 125 4 5 ®B&E & B 2 A#H Pqfza 4 (2 > 2000) @ @t 7 I A F-ie
PO e i 2 R RARL (F02008)4 1 L25 kAR RBE KR T
Hogophmie ¥t A0 b2 F G E o ARxFTT S FIRL2S 3L g inimie b3
waivie o gp &k A FIMRNAZ R > 5 ®B& 4 B iRty o F]Pt - H4F
oA A w4 BB TRB I, ?ﬁ’,—k’g.j—z\;ﬁ_/ -

— BRI R e A L3 & g AR N A TOE RS G 2L HEAS L Tk
(Klemm et al., 2001a) - ‘th#f'%*"‘?}&lsg afs o F o B LR ¢ L Bl
%Ammggo%mpﬁwmmgﬁ’%%%?é@@%%&ﬁ§5%@§*4
(glucose transporter 4, GLUT4) » k & F F #Bermxjc > i&d 4o 4% o

SRAY LG ApiTon ¢ % g 3 ‘/}a)ii e w RV AT E R ia"%i}éﬁz ’

T FlE S ML L R MR o Ao § AT R Y 5§ FIUBLERS A e 3t
z“&‘*ﬁ’ﬁﬁm BRI Y 2 0 ) LR D P‘g_ f;}wgf'ﬁpq@?ig,,gi
MJ% ‘Y PIBKGE T B ool AUaf o 2 g R Y R L SRl A

t4 (Dupont et al., 2009) o >t 35335 & WP% 236 FEIFETY > g

zf }
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Table 6 Effects of insulin removal on metabolism-related genes expression of
adipocytes in culture
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Table 7 Comparison of metabohsm—related genes expression of adipocytes cultured in
the with or without insulin
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Figure 1 Proliferation of adipose S-V cells from chickens with different laying
performances. S-V cells were collected from abdominal adipose tissues of
15-week-old B and L2 line chickens, cell proliferation analysis was
performed on day 1, 2, 3, 4 and 5 of culture. A: cell count assay; B: alamer

blue analysis. Values are means =SEM, n=6, *: P<0.05 between B and L2

lines.
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Figure 2 Per2 mRNA expression in chicken adipose S-V cells after synchronization by
serum shock. S-V cells were collected from abdominal adipose tissues of
broilers, cultured and then synchronized with 50% fetal bovine serum for 2
hours. The cells were cultured in DMEM-F12 and collected at the indicated
time points (0, 1, 8, 12, and 20 hours after serum stimulation). The relative
mRNA levels of Per2 were examined by real-time PCR analysis, using 18s
rRNA as an internal control. control: untreated; synchronized: cells exposed to
50% fetal bovine serum (FBS) for 2 hours.
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Figure 3 Analysis of mRNA levels of circadian-related genes in adipose S-V cells
isolated from chickens with different laying performances. S-V cells collected
from abdominal adipose tissues of 15-week-old B and L2 line chickens were
cultured. The cells were collected and the relative mRNA levels of
circadian-related genes were examined by real-time PCR using 18s rRNA as
an internal control. A: circadian-related genes mRNA expression; B:
p21" P MRNA expression; C: Weel mRNA expression. Values are means
+SEM, n=6.
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B4 7 A Fw* e S-Vime Per2 mRNA 9 p & 22 RA) M 15 %8 B
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Figure 4 Circadian expression patterns of Per? in adipose S-V cells isolated from
chickens with different laying performances. S-V cells collected from
abdominal adipose tissues of 15-week-old B and L2 line chickens were
cultured, synchronized by serum-stimulation for 2 hours, and then replaced
with DMEM-F12. After synchronization, RNA extracts were prepared at the
indicated time points (0, 1, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 hours
after serum stimulation). A: relative mRNA levels of Per2 were examined by
real-time PCR using 18s rRNA as an internal control; B: CircWave vl1.4
analysis of Per2 mRNA expression patterns. Values are means +SEM, n=6, :
P<0.05 between B and L2 lines.
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Figure 5 Circadian expression patterns of Bmall in adipose S-V cells isolated from
chickens with different laying performances. S-V cells collected from
abdominal adipose tissues of 15-week-old B and L2 line chickens were
cultured, synchronized by serum-stimulation for 2 hours, and then replaced
with DMEM-F12. After synchronization, RNA extracts were prepared at the
indicated time points (0, 1, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 hours
after serum stimulation). A: relative mRNA levels of Bmall were examined by
real-time PCR using 18s rRNA as an internal control; B: CircWave vl1.4
analysis of Bmall mRNA expression patterns. Values are means £SEM, n=6,
*: P<0.05 between B and L2 lines.
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Figure 6 Circadian expression patterns of Cry/ in adipose S-V cells isolated from
chickens with different laying performances. S-V cells collected from
abdominal adipose tissues of 15-week-old B and L2 line chickens were
cultured, synchronized by serum-stimulation for 2 hours, and then replaced
with DMEM-F12. After synchronization, RNA extracts were prepared at the
indicated time points (0, 1, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 hours
after serum stimulation). A: relative mRNA levels of Cryl were examined by
real-time PCR using 18s rRNA as an internal control; B: CircWave vl1.4
analysis of Cryl mRNA expression patterns. Values are means +SEM, n=6,

*: P<0.05 between B and L2 lines.
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Figure 7 Circadian expression patterns of Rev-erbf in adipose S-V cells isolated from
chickens with different laying performances. S-V cells collected from
abdominal adipose tissues of 15-week-old B and L2 line chickens were
cultured, synchronized by serum-stimulation for 2 hours, and then replaced
with DMEM-F12. After synchronization, RNA extracts were prepared at the
indicated time points (0, 1, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 hours
after serum stimulation). A: relative mRNA levels of Rev-erbff were examined
by real-time PCR using 18s rRNA as an internal control; B: CircWave v1.4
analysis of Rev-erbff mRNA expression patterns. Values are means =SEM, n=6,
*: P<0.05 between B and L2 lines.
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Figure 8 Circadian expression patterns of cell cycle-related genes in adipose S-V cells
isolated from chickens with different laying performances. S-V cells collected
from abdominal adipose tissues of 15-week-old B and L2 line chickens were
cultured, synchronized by serum-stimulation for 2 hours, and then replaced
with DMEM-F12. After synchronization, RNA extracts were prepared at the
indicated time points (0, 1, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44 and 48 hours
after serum stimulation). Relative mRNA levels of p27"* Cipl (A) and Weel
(B) were examined by real-time PCR using 18s rRNA as an internal control.
Values are means £SEM, n=6, > : P<0.05 between B and L2 lines.
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Figure 9 Differentiatiating of preadipocytes isolated from chickens with different laying
performances. S-V cells collected from abdominal adipose tissues of
15-week-old B and L2 line chickens were induced to differentiate and
visualized under a microscope. (Magnification:100X).
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Figure 10 Triglyceride content of adipocytes derived from S-V cells of chickens with

B0 #F A s e pme-fydims® 15 B B) 212 (L2) &

different laying performances after differentiation induction. S-V cells were
collected from abdominal adipose tissues of 15-week-old B and L2 line
chickens. Triglyceride content was measured on day 6 after the induction of
differentiation. Values are means +SEM, n=6, *: P<0.05 between B and L2

lines.
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Figure 11 GPDH activity of adipocytes derived from S-V cells of chickens with different
laying performances after differentiation induction. S-V cells were collected
from abdominal adipose tissues of 15-week-old B and L2 line chickens.
GPDH activity analysis was performed on day 6 after the induction of
differentiation. Values are means +SEM, n=6, *: P<0.05 between B and L2

lines.
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Figure 12 Analysis of mRNA levels of circadian-related genes in differentiated
adipocytes derived from S-V cells of chickens with different laying
performances. S-V cells collected from abdominal adipose tissues of
15-week-old B and L2 line chickens were cultured and induced to differentiate.
Four days after the induction of differentiation, RNA extracts were prepared
and relative mRNA levels of circadian-related genes were examined by
real-time PCR using 18s rRNA as an internal control. Values are means +SEM,

n=6, %:P<0.05between B and L2 lines °
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Figure 13 Circadian expression patterns of Per? in differentiated adipocytes derived
from S-V cells of chickens with different laying performances. S-V cells
collected from abdominal adipose tissues of 15-week-old B and L2 line
chickens were cultured and induced to differentiation. Four days after
the induction of differentiation, cells were synchronized by
serum-stimulation for 2 hours, and then replaced with DMEM-F12. After
synchronization, RNA extracts were prepared at the indicated time points (0, 1,
8, 14, 20, 26, and 32 hours after serum stimulation). A: relative mRNA levels
of Per2 were examined by real-time PCR using 18s rRNA as an internal
control; B: CircWave v1.4 analysis of Per2 mRNA expression patterns. Values
are means =SEM, n=6, k: P<0.05 between B and L2 lines.
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Figure 14 Circadian expression patterns of Bmall in differentiated adipocytes derived
from S-V cells of chickens with different laying performances. S-V cells
collected from abdominal adipose tissues of 15-week-old B and L2 line
chickens were cultured and induced to differentiation. Four days after
the induction of differentiation, cells were synchronized by
serum-stimulation for 2 hours, and then replaced with DMEM-F12. After
synchronization, RNA extracts were prepared at the indicated time points (0, 1,
8, 14, 20, 26, and 32 hours after serum stimulation). A: relative mRNA levels
of Bmall were examined by real-time PCR using 18s rRNA as an internal
control; B: CircWave vl1.4 analysis of Bmall mRNA expression patterns.
Values are means £SEM, n=6, % : P<0.05 between B and L2 lines.
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Figure 15 Circadian expression patterns of Cryl in differentiated adipocytes derived
from S-V cells of chickens with different laying performances. S-V cells
collected from abdominal adipose tissues of 15-week-old B and L2 line
chickens were cultured and induced to differentiation. Four days after
the induction of differentiation, cells were synchronized by
serum-stimulation for 2 hours, and then replaced with DMEM-F12. After
synchronization, RNA extracts were prepared at the indicated time points (0, 1,
8, 14, 20, 26, and 32 hours after serum stimulation). A: relative mRNA levels
of Cryl were examined by real-time PCR using 18s rRNA as an internal
control; B: CircWave v1.4 analysis of Cryl mRNA expression patterns. Values
are means =SEM, n=6, k: P<0.05 between B and L2 lines.
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Figure 16 Circadian expression patterns of Rev-erbff in differentiated adipocytes derived

10 15 20 25 30 35

from S-V cells of chickens with different laying performances. S-V cells
collected from abdominal adipose tissues of 15-week-old B and L2 line
chickens were cultured and induced to differentiation. Four days after
the induction of differentiation, cells were synchronized by
serum-stimulation for 2 hours, and then replaced with DMEM-F12. After
synchronization, RNA extracts were prepared at the indicated time points (0, 1,
8, 14, 20, 26, and 32 hours after serum stimulation). A: relative mRNA levels
of Rev-erbf were examined by real-time PCR using 18s rRNA as an internal
control; B: CircWave v1.4 analysis of Rev-erbf mRNA expression patterns.
Values are means £SEM, n=6, % : P<0.05 between B and L2 lines.
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Figure 17 Circadian expression patterns of RORS in differentiated adipocytes derived
from S-V cells of chickens with different laying performances. S-V cells
collected from abdominal adipose tissues of 15-week-old B and L2 line
chickens were cultured and induced to differentiation. Four days after
the induction of differentiation, cells were synchronized by
serum-stimulation for 2 hours, and then replaced with DMEM-F12. After
synchronization, RNA extracts were prepared at the indicated time points (0, 1,
8, 14, 20, 26, and 32 hours after serum stimulation). A: relative mRNA levels
of RORp were examined by real-time PCR using 18s rRNA as an internal
control; B: CircWave v1.4 analysis of RORS mRNA expression patterns.
Values are means £SEM, n=6, % : P<0.05 between B and L2 lines.
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Figure 18 Effect of insulin on differentiation of adipocytes derived from adipose S-V
cells of chickens with different laying performances. S-V cells collected from
abdominal adipose tissues of 15-week-old B and L2 line chickens were treated
either with (Insulin) or without (Insulin-) insulin incubated for 48 hrs on day 6
after the induction of differentiation. Oil-Red O staining was performed on

day 8 after the induction of differentiation.
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Figure 19 The mRNA levels of Adiponectin and Adiponectin receptor of differentiated
adipocytes derived from S-V cells of chickens with different laying
performances. S-V cells collected from abdominal adipose tissues of
15-week-old B and L2 line chickens were treated either with (insulin) or
without (insulin-) insulin incubated for 48 hrs on day 6 after the induction of
differentiation. The cells were collected on day 8 after the induction of
differentiation, and the relative mRNA levels of Adiponectin (A), Adiponectin
receptor 1 (B) and Adiponectin receptor 2 (C) were examined by RT-PCR with
18s rRNA as an internal control. Values are means +SEM, n=6, *: P<0.05

between insulin and insulin(-).
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Figure 20 The mRNA levels of energy metabolism-related genes of differentiated
adipocytes derived from S-V cells of chickens with different laying
performances. S-V cells collected from abdominal adipose tissues of
15-week-old B and L2 line chickens were treated either with (insulin) or
without (insulin-) insulin incubated for 48 hrs on day 6 after the induction of
differentiation. The cells were collected on day 8 after the induction of
differentiation, and the relative mRNA levels of Nampt (A), AMPKal (B) and

Sirtl (C) were examined by RT-PCR with 18s rRNA as an internal control.

Values are means +SEM, n=6, *: P<0.05 between insulin and insulin(-), +:

P<0.05 between B and L2 lines.
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Figure 21 The mRNA levels of lipid metabolism-related genes of differentiated
adipocytes derived from S-V cells of chickens with different laying
performances. S-V cells collected from abdominal adipose tissues of
15-week-old B and L2 line chickens were treated either with (insulin) or
without (insulin-) insulin incubated for 48 hrs on day 6 after the induction of
differentiation. The cells were collected on day 8 after the induction of
differentiation, and the relative mRNA levels of aFABP (A), PPARy (B),
Perilipin (C) and ATGL (D) were examined by RT-PCR with 18s rRNA as an
internal control. Values are means +SEM, n=6, *: P<0.05 between insulin
and insulin(-), +: P<0.05 between B and L2 lines.
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Comparison of adipose function and circadian rhythm of Taiwan
country chickens with different laying performances

Taiwan country chickens selecting for high growth rate usually results in the
excessive fat mass and decreased egg production. This study aimed to explore the
relationship between adipose function and egg production capacity by using a fast
growing (B) and a high egg production (L2) line of chickens selected form a common
base population of Taiwan country chickens. Adipose stromal-vascular (S-V) cells
were collected and then cultured in various conditions to compare their proliferation
rates, adipocyte differentiation abilities, metabolic performances, and circadian
rhythms between B and L2 lines of chickens. Cell division rates of S-V cells from
B-line chickens were higher than those from L2-line chickens. Compared to
synchronized L2-line S-V cells, synchronized B-line S-V cells also expressed higher
levels and amplitudes of circadian rhythm of Rev-erbf mRNA, and lower mRNA
levels of p21"F 1Cip! Q.Y cells from L2-line displayed higher fat accumulation and
GPDH activities than those from B-line, when induced to undergo adipocyte
differentiation. Amplitudes of circadian rhythm of Per2, Bmall, Cryl, Rev-erbf and
RORpS mRNA expression in L2-line adipocytes were more significant than those in
B-line adipocytes. After insulin was removed from culture for 2 days, mRNA levels
of metabolism-related genes (Adiponectin R1, Nampt, AMPKa, and aFABP) were
increased notably in L2-line adipocytes, but not in B-line adipocytes. Meanwhile,
the relative mRNA levels of Nampt, aFABP, and ATGL in L2-line adipocytes in the
absence of insulin were significantly higher and relative mRNA levels of AMPKa
mRNA in the presence of insulin were significantly lower than those in B-line cells.
These results suggest that L.2-line adipocytes possessed greater metabolic responses
than B-line cells to insulin removal. Overall, adipose S-V cells of B-line chickens
selected for growth performance have high dividing rates. This may partly explain
the higher adipose mass found in B-line than L2-line chickens. On the other hand,
L2-line adipocytes showed higher amplitudes of circadian rhythm and metabolic
responsiveness than B-line adipocytes, indicating that L2-line chickens may have
better energy management for egg production than B-line chickens. Further studies
are required to investigate how these differences in cell division rates, metabolic
responsiveness and circadian rhythms between the two lines of Taiwan country
chickens influence egg production.

Keywords: Taiwan country chicken, Egg laying performance, Adipocytes, Circadian
rhythm

87



