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TEE FAAYY FH2 AN A QA 86%E TG Qo Aol #E FE2
BrslEy awdz 43 o Ao Yz AL B5sEd gy Aogd
ARG B o)Fojxch 7] AAUME Hel2RE FHFe ox] AHA T thAMEE
acetyl-CoAE Edlo] &4:3189 xatoze ds T3 #Fo oUXE FaAol AHE8E

4 e A duxe ez wie] F AW (ipogenesis) T 19 wre] SR o]
7} Aol = RE AAHA &S ws AU Ast Raelss ASE S ipolysis)& E3 AW

A WHAAE FAA D

Aol X8 A (de novo lipogenesis)E 2 0] 3 (tissue-specific) .2 ¥, S22,
AAAed o8 2AHE FRF Aot F, FAFEE T FEY B Aoz
AN Ao we wido sloldElel FEAME AW XAk Aol vl =gtk Al
o) At WA (de novo lipogenesis)S FHAZ THEHEH, A W8+ acetyl-CoA carboxy-
lase(ACC) & 20l 93] 2 EE acetyl-CoA< malonyl-CoAZ carboxylation #A ot} FH
A GAE fatty acid synthase(FAS) &9 98 A EE long-chain XH2H22 9] elonga-
tion A olth A BAdE o 7lA] A4E T AW FAHEE 2HIFE TR B
23+ ACC, FAS 282 elongation &3 9|A 923 NADPHE A48l E malic enzyme(ME)
ol A,

Aagd-& ACC, FAS, ME 59 4% 3o o3 2d= e, olefd AWPY aLEY
FYEE oY JIYLEY ZT2EEY IS Pk £49 B4 EE short-term3t long-term
Z3& B, short-term HL 49 Qasht g4Fx0] Wl o3 Edxrt g2 At
(FzA FE Yo stoll Z2AHE Aolth long-term 2L 8§49 FAE9 €l e 1
29 ko] Wzl oste BAEI HEA 7 AR (F AZD T zAsE Aoln,
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v ARG 1 o] B b ,
of tisiMe= gzl vprb A9 glonv AA, &
i, A& 243 SoA Aukake] p-ArEE
a"*g covalent modification®} allosteric regulation&

o ek dofolt TR E Aeo] oalA ACC-a S wE zde
o2 AT P 7

I, AW S=Z0 9B Acetyl-CoA carboxylase@] AL (transcription) Z&

)

2kakel Agkgdo] 74 ghbgl zholut Az Aol A acetyl-CoA carboxylase &4 %9 W3}
T 5Eol YYAF e gl vl S Rzksi) whESrh & 24413 A4 ACC B4 SA4E
7b ofg- Yopxln AAE ugA-FxgAel 2 xwk S FEIHNS v ACCY FAHET
ol Evans$® e 44 § ng58lE 402 refeedingA] ACC E40 AL Myl ol
Z ACC 992 Y% F7HASS 28ttt 8 Kim5 e 838 48417 daAAS
dxle] 7k % A AloAl ACC mRNA %ol 50-90% #astgon, AAE s
2 refeeding A2 @ ACC mRNA o] zAlAlo) v)slad] 20u) 7}ek 7}0}?& .
Z1eju Zholu} AwpzAe4el B -actin mRNA 42 Yo o8 ofF %ﬂ% =] o}
BE el mE mRNA 49 x£4do] g FHASNAL HEHE HE 0}%3 g = Ay

259 ot M 24A18 Bt AAAZE o 2ke] ACC mRNA %ol a3t
5132 Aol & refeeding A1ZS Wl ACC mRNA %o] 9w ZF7}8tgith olwl transcription rate
7t 11 ¥ F7b5o) mRNA ¥ AALge] a8} vl go) AAe BAgFm A,

ol & HY ZAAee HAz ugd 2ol9 refeedingo] &3 ACC &4 #A9 zAHo]
ACC 829 AAlL @A A o] Folyg HojFm gt} & AojiF o #alo)] ute} Ay o
URl UG AE FX]817] st A9 YFAE-S 23 acetyl-CoA carboxylase’} & $AHeR

off ute} Al @AClA wiEA 2dEE WS o 4= 9t}
2] o] S X3} AW4Hpolyunsaturated fatty acid: PUFA)S AlAu] xupatA = =y g

&

ol #edsts AEA G450 FALE 7FAA 7] dide), Z3lxwately} 3-8 monouns-
aturated AHAHMUFA)S] 248+ 2o oz A7t ¢E Ro2 Ruse] Am Yo,
ohe-2oll Al BRI Aol HIME AolE FUE W 749 ACC mRNA %o) zrAEo] Aoy
PUFAZ} ACC frazte]l #de zdeln Aoks 22 $%8 4 A @3 Prmary
hepatocytes®l linoleic acid (C182, w3)2 A)3t%e @ ACC mRNAZ Za=ggon™
arachidonic  acid(C20:4,w6)2 A 2etAL = ACC 7zt dAatgol Ast=E o™, kst
molecular mechanism-2 W& A= A7 PUFAS &3 ACC #F32F AAL Ao 213k
ACC mRNAY o 71" ACC B 59 Atz F25ox]a rh



X3 A2 ACC FdAHeRt opde}, ApgAddl #ofstes 2oz ¥eiRl fatty acid
synthase, S14 2 SCD-13% & #AAE AIEE FHats o] By ™. Hzo 2w
AFo] peroxisome proliferator activated receptors(PPAR) familyE %38t ZdAF tAbe] o]
st fAAESY WwHE zFdgAdE R RaHYEI®, 0-3)% (-6) PUFA7L
trans—acting-factor2 83+ PPARY ¥H3-39] genomic levelolX] ACC 4 =te} -2 o
2 454857 FU 331 $25 2 £5 U0k Clakes} Jump'™= PUFA olg kel 4
AHE AW Fe BdS o33 Zo] AAEATE PUFAZE AIX9] plasma membraneds ©]%&
£ cytosolic fatty acid binding protein(FABP)3} A3}3ttt, FABPE (n-3)/(n-6) AWAMES
delta-6 desaturaseZ HE F productsE o2 EWAIA &t} oA ligand activationdl] ot
2} #)9] PUFA-BP7} 34 AALE ZA3ME specific cis-elementdll A3aiAl go] 23 ACC
FAZe] AALE dASHA Bohs Ho|th PUFA-BP #HAl7F DNAY Zd#ste dildo] o dx]
© Bok, A9 dAES 2AsteT F9de o 4 Fo sh A= Uk @Azt
A& PUFA-BPY &A447t 7Hdol £33t o] PUFA-BPY &A1& 98 u7] A 8L d7
Eo] MY 3 '

Fukuda =& #39 primary hepatocytesolr] 22 o3 SER  acetyl-CoA
carboxylase #47 28-S AFgE 10°M~10°M insulin ¥7F Al ACC mRNA %o] oF
4u) F718l9 o olu dexamethasone©} ACC mRNA©| "X insulin®] &34E FHFANLS
st =3 insulin A#]Al ¢F 554, insulin® dexamethasone * 2|4l ¢ 85 i, T3}
dexamethasone *12]A] ¢ 64, insulin, dexamethasone ¥ T3 E5& AzZS W ACC
mRNA ¥x7} o 108 E71E3iga B astg.

a2} Hillgartner $2& ACC §232+¢] 28-S chick embryo hepatocytesol A 3224 9]
3 =3l =ul ACC mRNAS %] insulin #7tol ola] o 158 F718l 1 T30 3] <F 4
W, insulin® T3 25 A7 Aee o 4 S7HEAAG B st insulin®t T3 <%
synergistic effect’} ¢1&2 AAFSIA L Zhang $7& chick embryo hepatocytesel X ACC &
Azpel AAzE T390 oajA 74 F7hEAvtn RusleEd) o] w ARE-3F ACC promotere Pl
o] obd P2 promoterAth. WA @A FFolv 2L Aeo] w2t W e AeE g
P2 promoter activityZ7} T3l 9j3te] AAIGAM ZHdTE A& B ol¢ 22 Zdis
2594 EHFY TAXANN T220 2§ ACC 8t 4 xdo] th& 7™l 93| o] F
oFe F=EA slEoh

HI. Acetyl-CoA carboxylase promoter 71X

A AN ZAe §AA BAL E2AsE Fa7lWolt A} AN 2Ae F2 fAA

5'-flanking regionol] $X3t1 I+ specific DNA sequence (cis—acting element)oll & A&



transcription factor ©¥ A(trans-acting element)d] A% A8l oj&) o]Fo] At} SrollA] Aty
T B TEZ 2T ACC 3t el B 71de v xHAs] 93l7] Ystd, ACC &
A2t promoter®] specific DNA sequence® 2] A#3 929} transcription factor ¢WAES
wEstEE 750 £ Qo

ACC 47t 5719] exono. 2 FA o} glon BEe FAxEE @] promoter 1(PD)3
promoter 2(PI)¢} 2709] promoter7} Ui=H P12 exon 19 5° 2] yp-streamo] X8tz
P2:= exon 29 5 2o yp-streamoll 95t QY. (Fig 1). Primer extension £4& %
gt 2h, AxF, FRFA F9 fA4494 ACC mRNAE &A% A7 promoter 1, 28 z}z}
ARE3E 2] F7F 9 ACC mRNAE©°] 4A5J+=d, o] mRNAES alternative splicing ©34
& &394 57 -untranslated region 7t4F thE2 X% coding regione & A7) A d< ek
do] B ARG ACCTF A APA £58 2-E 38 FTAYE Brsln promoter?] &
e 722 Adsto] - siHo] AAS] WA e Zdo) Qi)

IV. Acetyl-CoA carboxylase promoter 4T

HAE BN HAAAZ & 0gd-Fx1 Holg refeeding A ZAS o 3F ] 7} brown
white X|WZ2A ACC promoter 19 98} 28 = Class 1 ACC mRNAE S 1 o] u]$-
7}t ¥ ol promoter 29 &) W& E Class 2 ACC mRNAS] %o ¥zt gdAd™. =
Ejo]2o]E &2 (thyroid hormone)d] 23 ACC HH=te] &8 zAo|A ACC promoter 1
o8] wHeE Classl ACC mRNA<®] <o] hypothyroidism Aei7t HR& we #2=HAZ,
hyperthyroidism AEl7} H S dio] &= mRNAS %o] Z71at B2 e} odFale] W A
9} v}R7MX 2 promoter 29 93] wHE Class 2 ACC mRNAE 9] ool walsl g™,
oj9} & A¥ ZHAEL promoter 19 93t} dHE ACC mRNAY F& A HeHY 5282
Sefell o2} ¥stslit promoter 20 95t} WEE ACC mRNAS %2 W37}l glo] o)t
222 FH m& ACC f3xte] #d& x35ed ACC #2149 promoter 10] #4E& #
A &

ACC 37+ promoter 18] HA} 7HA14 24 o] TATAY CCAAT boxes?t Br8doH, ~-220
bp upstreamell $X]3k 28702} CA 9HE M3} of 2870¢] CA ¥HE A ¢ ulE upstreamel] $%]
& GCAAT 9714 €l CCAAT/enhancer-binding protein(C/EBP)&] Z¥o] &3 43780l
ACC ¥4 x4 #dsts oz uaddo™® e dAF /1A -114 bp upstreamol] 2
2%t E-box®} upstream stimulatory factor-1(USF-1)Z USF-29] A% z-80] XA ¥
differentiationo] #s= Hez BaHYth O'Callaghan S22 ACC promoter 19
-126/-102 bp ¥7] M EAre]o] glucose regulated-element7} oo o] g7] Ado] thE x|qt
Aol e Yol 32 E g wel ACCH Hl&sA 988 Yehlle EAE (fatty

2 b oy wE



acid synthase % S14)9] #73HA promoterol UE glucose regulated -element® =&
homology & BAF1 L8 Bustdar

oj¢} & AM}EL ACC promoter 19 54 97] MEE3 transcription factor B WS}
o] A3 zgd st ACC #F3A AAF MAIZE 2= He &4 ¢ YA sfFoh

v. % =2 MEj0 M2 Acetyl-CoA Carboxylase Promoter 1 SN

BLEH 328 e 93std ACC promoter 1 activity7} o] €A A A =718 golr )
A3td ACC H# =} promoter 1 F exon 19] 5'-Ygto 28 e o -12 kb upsteam regione
AR E A Xho 17 Sac 12 o) &3le] @bt Reporter SAAZA luciferases 23 YE
pGL3-Basic vector (Promega)& %2 A3F A Xho I# Sac 1€ o] €39 liberalized 3R T}
Liberalized pGL3-Basic vector®l ACC promoter 1 (-1.2 kb) DNAE AFqlsted ACC Pl1(-1.2
kb)/Luc plasmidg& A& ACC P1(-1.2 kb)/Luc plasmidE primary 3IHH X0
transfection ¥ 2 ¥79 T2E 2 JFA2ES X289 promoter activity s SA3sHdr} 2
A3E gokstd gy 2o

ded v g8 5 acetyl-CoA carboxylase promoter 19] activity:® 10 ‘M insulin
oA oF 4582 7} AA ZF718lA ). Dexamethasone 14 M #H 7] acetyl-CoA carboxylase
promoter [ activitys €8S @502 AdS w9} vlxn7kA2 10 'M insulin X84 <k 6
2 ACC promoter activityZ} 7H¢ Bo] F+3HArh A& S G502 AAPS o B} 1 u
M9 dexamethasoneg #H7}31& @ ACC promoter 1 activity7} AAH o2 oF 158 Z7}15t]
insulin®ll 2% ACC promoter I activity 4522l dexamethasone® additional effect”t Y&
< EAFJrh Z2E9 AF g 93 ACC promoter I activity? ZRL insulin,
dexamethasone ¥ T3E AT AL w oF 108 Z715t ACC promoter 1 activity7} 3709 32
25 25 AY3tde o 7 wol Friskh

el 23t acetyl-CoA carboxylase promoter 19| activity® B S of 25 mM 2%
A7HA < 178l F7HE JERSITE (Table 1). o2l 79 E%3t A4Ato] promoter 19]
activityell "|X= E3E B3-S 9 oleic acid(C18:1.w9),

linoleic acid(C18:2,w6), arachidonic acid(C20:4,#6), DHA 2 EPA %o 2% ACC
promoter 19} activityE 7ZAA7)1= &37F QAT (Table 2).



Table 1. Effects of glucose on ACC promoter 1 activity in primary rat hepatocytes.

Luciferase activity/mg protein(fold)

Treatment Plasmid

ACC Pl (-1.2kb)/Luc® pGL3-Basic .
*CO‘I{{:OI‘W 7 _iijbii0.005 1.0£0.001
Glucose(5mM) 1.359%0.001 0.790%0.01
Glucose(25mM) 1.680%0.003 0.368+0.004

* ACC P1(-1.2kb)/Luc: ACC 1 promoter (-1.2kb)/pGL3-Basic plasmid

Hepatocytes were incubated for 48 hours in serum free media with or without glucose at the
concentrations given in parentheses after transfection with ACC-1.2kb/pGL3-Basic vecter.
Hepatocytes were lysed and assayed for luciferase activity and protein concentration. Values
are expressed relative to the luciferase activity/mg protein in hepatocytes cultured without
glucose. Means + SD.

Table 2. Effects of fafty acids on ACC Promoter 1 aclivity in primary rat hepatocyltes.

Luciferase activity/mg protein(fold)

Treatment Plasmid

ACC P1(-1.2kb)/Luc* pGL3-Basic

770(;;1-&?‘&“_* 1W.Oi0.003 1.0£0.004
Oleic acid 0.741%0.002 2.286+0.002
Linoleic acid 0.565+0.006 1.857+0.004
Arachidonic acid 0.45110.002 1.429+0.009
DHA 0.512+0.001 1.714+0.003

EPA 0.344+0.007 2.286%0.004

* ACC P1(-1.2kb)/Luc: ACC 1 promoter (-1.2kb)/pGL3-Basic plasmid

Hepatocytes were incubated for 48 hours in serum free media with or without fatty acids at
the concentrations given in parentheses after transfection with ACC-1.2kb/pGL3-Basic
vecter. Hepatocytes were lysed and assayed for luciferase activity and protein concentration.
Values are expressed relative to the luciferase activity/mg protein in hepatocytes cultured
without fatty acids. Means * SD.
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Fig 1. Structure of the rat acetyl-coA carboxylase (ACC)-a gene. The positions of the
two ACC gene promoters are indicated by promoter 1(P 1) and promoter 2(PII).

v. &

ool AF AF}EL F%8H acetyl-CoA carboxylase promoter 1 (-1.2 kb)¢] activity:=
=9, dexamethasone, T33re A3z 8ol o8 ZFride ZAe= Yehd acetyl-CoA
carboxylase promoter 12} -1.2 kb regiono] <<%, dexamethasone % T3¢ response
element G7IMEe] USE AAEIR At E3F 185F3E FXAA promoter 19 activity 7t
Z7t8t9¢¢ e O’Callaghan £'70] B 118 glucose regulated-element”} 9132 i3 3]
F3 o}, =3 B3 2abo] 93 promoter 19 activity?t ASFHE RAFH glo] FA
acetyl-CoA carboxylase promoter 19 -1.2 kb regiono] PUFA response element® 7}54&
Al A e E ot
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