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ABSTRACT

Acetyl-CoA carboxylase (ACC) is the enzyme that controls no devo fatty acid biosynthesis, and this enzyme catalyzes the
carboxylation pathway of acetyl-CoA to malonyl-CoA. Acetyl-CoA carboxylase gene expression was regulated by nutritional and
hormonal status. The present study was performed to identify the regulation mechanism of ACC gene promoter I. The fragments
of ACC promoter I -1.2-kb region were recombined to pGL3-Basic vector with luciferase as a reporter gene. The primary
hepatocytes from the rat were used to investigate the hormonal regulation of ACC promoter I activity. ACC PI (-1.2)/Luc
plasmid was trtransferred into primary hepatocytes using lipofectin. Activity of luciferase was increased two-fold by 10 - 9M, three-
fold by 10-8M, 10-6M, 3.5-fold by 10-6M, and 4.5-fold by 10-7M insulin treatment, respectively. In the presence of
dexamethasone (1 pM), the effects of insulin increased about 1.5-fold, showing the additional effects of dexamethasone. Moreover,
the activity of luciferase increased with insulin+dexamethasone, insulin+T3, dexamethasone+ T3, and dexamethasone+insulin+T3
treatment approximately 6 -, 4, 6.5-, and 10-fold, respectively. Therefore it can be postulated that 1) these hormones
coordinately regulate acetyl-CoA caroxylase gene expression via regulation of promoter activity, 2) the - 1.2-kb region of ACC
promoter I may have the response element sequences for insulin, dexamethasone, and T3. (Korean J Nutrition 35(2): 207~212,
2002)
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acetyl-CoA carboxylase §4do] ojwj 3t 7] del] &jdjed 2
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mone, dexamethasone 59 322 AJejol] @& acetyl-
CoA carboxylase 32| promoter [9] 8HEE &
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1. RHA MY

Acetyl-CoA carboxylase (ACC)#3A}t exon 19 5'-
wdo 28E oF 7 kb upstream® 3 kb downstream
(¢F 10 kb)2 pBluescript (Clontech) vectors} A|x=§s
ACC PIl/pBluescript plasmide Dr. Hedley Freake
(v]= Connecticut FHulsh 22 7E 323t ACC
promoter 1¢] ZHE71%& opry] $8le] ACC PI/
pBluescript plasmid2%E ACC 37} exon 19] 5-%
gozRE o -12kb promoter I region® AFEA
Xho I (Takara Co. Japan)¥® Sac I (Takara Co. Japan)
< o]g3te] ZAehlAct. Reporter FHAZ2A luciferased
7+31 Q)= pGL3-Basic vector (Promega)& 22 A&
4 Xho I#} Sac I& ©]-8-319] linearized 3t%t}. Linear-
ized pGL3-Basic vectordll ACC promoter 1.2-kb DNAE
Arglete] ACC PI (-1.2)/Luc plasmidE A=gstAh
(Fig. 1).

2. N E Ui}

Primary ZH¥E SFA7} oF 200~250 g Sprague
Dawley &3 ## 9] 7+ 2202 HE collagenase-per-
fusion method®*'& ©]&38}o} primary ZHHIXE £2]3
Att. ZIAE PE LS 5% trypan blueE o §3}o A&

Xhol

h €= AcC 124kb

ACC 1.2/pGL3-Basic

(6.0 kb)

luciferase reporter signal
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Fig. 1. Structure of ACC Pl (- 1.2)Luc construct. ACC Pi (-1.2¢
Luc was constructed by ligating a Xho | and Sac 1 restriction frag-
ment, containing ACC promoter [ from - 1200 to +100, into same
cloning site upstream of the luciferase coding sequence in plasmid
pGlL3-Basic vector.

g on AX AEL] 85% oY o AFe AR
t}? ZEAE vi%e 3 ml9] Williams” medium E (Gibeo-
BRL) wi¥d) (10% FBS, 23 mM HEPES, 26 mM
NaHCOs, 10 nM dexamethasone, 0.1 U/ml insulin,
1 TU/ml streptomycin-penicillin)ellA ¢ 1.2 x 10° Al
X452 Primaria 6-well plate (Falcon _abware)ell &
galed 37C, 5% CO, 739 vgr]olA 6213 T il
8ttt Transfection® $43te] ZHMIE7} 60%°17 plate
vigho] 2o Z A5k o A A8

3. Transient transfection

6A1Zr B9t HlgF AT} 60% o)/ uigel] Eo] #
A Hd Towle 5979 W& o] 8319 transfec-
tiong =&t} Transfection E&S AY3] 93]
pCMV-Bgal vector (Clontech)E Sane5™9] Wi W
&3le] B-galactosidaset @S Z7g3lct. A=FE DNA
(ACC PI (-1.2)/Luc) 2 pg¥} lipofectin (Gibco-BRL)
13 Hl& ¥ 38} serum free mediumolA 14417 F<t
wjokalatt. AZ3 DNAO transfection® ZHAEE A
2 & %59 32 (insulin, thyroid hormone, dex-
amethasone)$ 23l serum free mediumofi A 484]

7 F% w3t

4. Luciferase activity 35 % protein §3

Luciferase activityt luminometor TD20/20 (Prome-
ga)& AH3ld O’Callaghan 579 W& d% ¥ys)
o] 231t} Insulind] 2% acetyl-CoA carboxylase



promoter 18] EAE 2HE HJ] A tge w29
insulin (10°, 10% 107, 10°, 10°M)& ACC PI (-1.2)/
Luc plasmidE AAA1Z1 7432 afjoFolel] A 2]sle] 484]
7t Eok vjokalsie}. T3 thyroid hormone (T3)3} dex-
amethasone®] 739 27} 5 pM$} 1 pME ZHHX %
Aol xzjste] 48A1zF F¢t WYt Fukuda 52
o] TERE 9% ACC mRNA E&-& BotEd, in-
sulin®} ¢ £ A% 23 (0.1 pM) < X222 dex-
amethasone® T3¢ %2 Fukuda §°3 2] 1 pM}
5 pMZ Ztzt ARR3FsiTh. i oFet 7HMI = 250 plo] lysis
buffer (1% triton X~100 (v/v), 15 mM MgSO,, 25 mM
glycylglycine pH 7.8. 1 mM DTT)E #7}3ta] d-So]A]
10% &< incubation§t Thg harvest3t¥th. Harvest
3 ZHASEE 4T 12000 rpmoll Al 18 F<¢F 94 288 &
50 o] 459 180 p9] reaction buffer (25 mM gly-
cylglycine pH 7.8, 4 mM EGTA, 15 mM potassium
phosphate pH 7.8, 2 mM ATP, 15 mM MgSO., 1 mM
DTT)E #7I3te] A2dlA 20% E< incubationdt ©H--
100 p1¢} luciferin reagent (200 pM luciferin, 25 mM:
glycylglycine pH 7.8, 15 mM MgSO,, 4 mM EGTA,
2 mM DTT)E 718t luciferase activity® 43815
o}, Luciferase activitys @93 mg3 light unitel ]
#late] vebd o2 AT A Re] g e
Bradford™e] W& o143l SAson A9 A4
= A Ao HEs B3 92 ol dEHS gre A3
Fri=

5. &Y

B A8 A= Py EFEHA (Means + SD)E &
A8t s AT e 18 F8L B=0.05 &
o 4] Duncan’s multiple range test® #=3}ch.
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1. Insulin E%° 42 luciferase reporter gene activity

Insulin F%x° 93 §%¥ luciferase?] activity®
10°M, 10°M insulin #7}A] 22 2ufe} 3] F7H8l
10™M insulin 7}l luciferase activity7} 7F8 24
7¥ate] oF 4.54) F718lE). o] B} o &L Fx9 in-
sulin 7] luciferase activity?} 23121 4= 10°M,
10°M insulin H7}A] 242t 35909} 3u) Z7)elih. olek 2
& A= 839 primary hepatocytesollA 10°M~10"M
insulin ¥ X% #7HA] acetyl-CoA carboxylase mRNA ¥
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o] o 4uj F71% Fukuda 79 4T A} viug o
insulin®l ¢J% mRNA 49| 37+t ACC promoter ac-
tivitye] 7} 8188 thA 24 insulind] ¢ acetyl-
CoA carboxylase mRNA %49 Z71= ACC promoter
1¢] &Al3lo] W& transcription activationdl] 2J% 7]&
o 9% AYE F5A et H29 ACC promoter I
% -126/-102 99| glucose-regulated element (GRE)
2 sz on o] Mol I-type pyruvate kinase, S (14)
9 fatty acid synthase FrARES] GRES} frAlgho] Bu
HAch” webA oln] 87 lipogenic £4E9 insulin
response element (IRE)$} ACC promoter 19 §7] A

£ vl ACC promoter 18] IRE$} transcription
factorsES A7§ 024 insulind] 213} acetyl-CoA car-
boxylase fri& #d 24 714 S WE 5 A& AR 7]

e,

2. Insulin®l 2{¥ AGC promoter | activity ZEA| dex-
amethasone A7t 21t

Dexamethasone< primary hepatocyteslA acetyl-
CoA carboxylase mRNA %¥& $71A171% insulin®] &
3E FEZA7)E AeE RagUct” B @704 insulin
o] 213 ACC promoter I activity &4H4] dexametha-
soned] #7} 35 dolry] Y& ACC PI (-1.2)/Luc
plasmidE AYUAIZ! A wfgFode] 1 pMe] dexame-
thasone& A z2|3le 48217 E<t vttt Insuling
g=02 Aegs b 2o} 1 pMe) dexamethasoned &
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Fig. 2. Dose-dependent effect of insulin on acetyl-CoA carboxylase
promoter | activity. Primary hepatocytes were incubated for 48 hours
with each concentrations of insulin in the presence (@) or absence (O)
of 1 uM dexamethasone after transfection with ACC Pl (- 1.2)/Luc.
Hepatocytes were lysed and assayed for luciferase activity and pro-
tein concentration. Values are expressed relative to the luciferase
activity/mg protein in hepatocytes cultured without hormones.
Means + SD.
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7} o luciferase activity7} A H o2 oF 158 F7}
3}4] insulindll ¢J% ACC promoter I activity 3528
€ dexamethasone©] 2EFA)7]= AL & 4 U4 (Fig.
2). Dexamethasone©] A7} S ® luciferase activity
7} 10°M insulin®lA ¢k 48], 10°M insulin <F 5.54),
10"M insuling ¢ 68, 10°M insulin 2F 5.54), 10°M
insulin® ¢ 3.58 F7FAA dexamethasoneo| §1& =
¢} nk7 A1 Z 10"M insulin F7MA] luciferase activity
7} 743 Bol A5HAY (Fig. 2). ol 2L dH= a-
cetyl-CoA carboxylase mRNA®| ¥]Z]= insulin®] &7
£ dexamethasone©] $ZA7& Rud Fukuda 5~
9] Bye} vt A9g HAFa v

Insulin® *gatx] &L 27 vt insulin
Al ZHAES] luciferase B4%9] ¥W3E Fig. 2014 H
F1 9tk ACCS} AR tiAL vhe-g 3k A o2 ¢ejzl
24k 44 A9 fatty acid synthase promoter el
A} dexamethasone©] insulin® &3}& $EZA|7Y= A
T A7} UYL B A7 E ol9k 2L dexame-
thasone® &#7} ACC promoter activityollAl = fAlSt
A Vel =rlE Bual s ddlEZ dexamethasone
o] insulin®] AFE of 1.58) TEAA FE£ A2 YE
Wt} Dexamethasone©l target 3212 HALE 714l
71& 71Ao) i3 Aol A fatty acid synthase F2 A+
W&o th¥ dexamethasone?] &3 fatty acid syn-
thase $-42F promoter?] 53 @71A Qo] Bisty U+
o] B E Yt ® walA acetyl-CoA carboxylase 2&el
t]X]& dexamethasoned] 4% ACC 32 promoter
18] 54 g7 Qo] #d3te promoter?] activityE 5
Mo gaE Jebd 4 g A0 F2EH ¥
o] =tz Ao % dexamethasone®] acetyl-CoA car-
boxylase promoter I activityell X% insulin®] &3
g Z7IXA ACC mRNA¢9] <o) insulinol 2JsiA <F
ov) Z718t9 2™ insulin®l dexamethasones F71351
< f= o 454 FUMEUTn Byt ” gk ACC
promoter §7] ML d@ AFE B3l Brh A
dexamethasone?] Zd 7]4& W8 £ Y& o2 7Y

et

3. ACC promoter | activity®] O|Al= S2EEY i

ACC promoter I activityol]l thgt A2 o2 227 4
T8-S dolry] Y8iA ACC PI (-1.2)/Luc plasmid
E AN AR wjddo] 0.1 pM9] insulin, 1 pM9]
dexamethasone 2 5 pM9] triiodothyronined 3ht &

Table 1. Effects of hormones on luciferase activity in primary rat
hepatocytes. Hepatocytes were incubated for 48 hours in serum
free medium with or without various hormones at the concentra-
tions given in parentheses after transfection with ACC Pi (- 1.2)/Luc
or pGL3-Basic vector. Hepatocytes were lysed and assayed for lu-
ciferase activity and protein concentration. Values are expressed as
luciferase activity/mg protein in hepatocytes. Means + SD. Means
with different superscript letters are significantly different at p < 0.05.

Luciferase activity/mg protein (fold)

Treatment plasmid

ACC Pl (- 1.2/Luc” pGL3-Basic
Control 1.0 + 0.48° 10 + 031®
Insulin (0.1 pM) 45 + 042° 1.9 + 064>
Dex" (1uM) 43 + 0.42° 0.4 + 0.00°
T3? (5pM) 27 + 0.28° 14 + 0.87%
Insulin + Dex 5.8 + 0.35° 1.1 + 0.64™
Insulin + T3 3.7 + 0.07° 1.5 + 0.38
Dex + T3 6.4 + 0.63° 1.6 + 0.76™
Insulin + Dex + T3 9.9 + 0.98° 2.0 £ 0.59°

1) Dex: dexamethasone
2) T3: triiodothyronine
3) ACC PI (- 1.2)/Luc: ACC - 1.2 kb/pGL3-Basic plasmid

& F7) oj4t IRt & wjgstAtt. EE promoter’t $1
= pGL3-Basic vectors A YAIZ X wjgodo] 22
Z 228 Aty uiYgsisint. 3284 93 ACC pro-
moter 1 1.2-kb®} pGL3-Basic vector®] promoter ac-
tivitys Table 1014 253 o). Promoter’t f1&
pGL3-Basic vectorg 49AIZ TAEAAE o8 32
254 ol§ luciferase activity®] =tel7t A9l fio] <F
1.0~2.0u8] =}o]Z Yehliict (Table 1). 22iu1t ACC
PI (-1.2)/Luc DNA fragment® AYAIZl A Xl A
= 3224 93 luciferase activityZ} w$- A zto|7t
3S o4 Aot 2RSS AsA G2 dixate vls)
insuling xg3stg9S wh oF 459, T37} <F 2.54) luci-
ferase activityZ7} 718ttt 22829 J3 24 g
luciferase activitys SiZTol HlsiA A&dF dex-
amethasone A2 A] ¢k 64 insulin®} T3 X2jA] < 44,
T3¢t dexamethasone X2|A] 2 6.54, insulin® dex-
amethasone, T3 B2FE A AS o F 108 F715t4
ACC promoter I activity”} 3789) 3288 25 A3}
qe W 7 Bol FUElL AULSE HAFTL YU
Fukuda 5%& 7204 3220 o3 =€ ACC
A #HES d7sNEd ACC mRNA ¥=7} insulin
A Al oF 554, insulin® dexamethasone A& <
8.5, T3% dexamethasone Al € 698), insulin,
dexamethasone ¥ T3 275 A& o oF 108 F7}
gk 2uslde. o] Aol Yehd s2&d o
ACC FAAre] Ldg F7ie £ A4 Jeld ACC




promoter [ FAxE F717F A9 A8 S & 5 A
t}. Travers™$} Fukuda® 59 dF AFEY E dT39
A#E5H insulin, dexamethasone 2 T37} ACC pro-
moter 19] activirt F7}el] X2 additional effect”’} A&
Aoz Yehton, ACC promoter I upstream 1.2-kb
region®] insulin, dexamethasone % T39] respense
element G714 4] A& F5A Tt

gHo= Hillgartner $%& ACC ##xe] wE S
chick embryo hepatocytesolA 289 9] F=381%
£ ACC mRNA®] 3Fo] insulin F7}ell & oF 1.54]

Z7¥tga T30l o8] oF 44}, insulin®} T3 25 78
A4E o 4u) Z71E9cky Badte] insulin® T3 9
g+ synergistic effect’7} $12-%& 43t

A% insulin® T3 H7HA synergistic effect’} Weht
2] gt} 22|y Hillgartner 599 |74 #o) A in-
sulin 7 ¥} T39] g97} of 24 Yt E 934
Fol= YA8}] @krh. Zhang 59 chick embryo he-
patocytesell Xl ACC 3] #Aal7}h T3l ojsA] 7v) 3
Mok 2t o] W AR8-¢k ACC promoters
Ple] obd PII promoter@th. mebA] @A) JYolut &2
& elel we) ey} gle Ao = 43 Pl promoter
act1v1ty7} T30l oj3led MAlGANAN 2ddTE RS ¥
T o9 e A 2R XHFY Tt EA 32
2ol 93 ACC F-2x}9) ity o] & 7]de] 23
o]Fo & F&4 sETh.

8]
29 ¥

=
o 9%t acetyl-CoA carboxylase
A LAE 2% 48] 222} ACC promoter I
(ACC PI (- 1.2)/Luc ZAE A F o FF
32&% 85}l promoter activity® &SR8} 2
ANE QoF8td T 2t

A, FE 93 =¥ acetyl-CoA car-
boxylase promoter 19] activity:= 10™™M insulinoﬂ A oF
4582 71 A F7F A o] 2o o 58 559 in-
sulin #7}A acetyl-CoA carboxylase promoter 1 ac-
tivity7} 2818 ZAEE 202 Jepd,

€4, Dexamethasone 1 M #H7}A] acetyl-CoA car-
boxylase promoter I activity: insulin® @E02 A
g we} vl AEZ 10" insulin AFA] oF 68l
ACC promoter activity7} 7F% o] A<= Aot

AR insuling ©HoZ AHIPL = B} 1 Mo

insulin
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dexamethasone® #7131& W ACC promoter I ac-
tivity7} AAH o2 oF 158 Friste] insulind] €%
ACC promoter I activity 45289 dexamethasone
9| additional effect’} &S BAFAU.

A, 289 528 9% ACC promoter I ac-
tivitye] 24L&

insulin, dexamethasone @ T3E g
L o o 108] F718te] ACC promoter I activity7}
Jhe Z2EE BT MRS | /M Bol S8

ol4e] A7 AAEE TS acetyl-CoA carboxy-
lase promoter I 1.2-kb¥] activity+ insulin, dexame-
thasone, T37re] FE2-84 o3 F7lEe o= e
%o, acetyl-CoA carboxylase promoter 19 —1.2-kb
region®] insulin, dexamethasone = T3¢ response
element 71X go] USE AAletn Yot et S 2R
ZEjel] ME acetyl-CoA carboxylase 32+ &4d x4
718& Fu A3 FEe7] sk acetyl-CoA car-
boxylase promoter 1] - 1.2 kb upstream regionl 1
£ Insulin, dexamethascne % T39] response element

G71M g e dr do s Ao AlgET.
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