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In an attempt to identify unknown target genes for SREBP-1, total RNA from a stable CHO cell line (CHO-487) expressing
a mature form of human SREBP-la (amino acids 1 to 487) with a LacSwitch Inducible Mammalian Expression System
was subjected to a PCR subtraction method. One of the fragments was found to have 90 and 86% homology with rat and
human ATP citrate-lyase (ACL) cDNA, respectively. When Hep G2 cells are cultured under either sterol-loaded or -depleted
conditions, expression of the gene is induced approximately 2 to 3-fold by sterol depletion. To investigate the direct effect of
SREBP-1a on transcription, luciferase assays using the promoter of the human ACL gene were performed. These deletion
studies indicated that a minimum 160-base pair segment contains the information required for the transcriptional regulation
brought about by enforced expression of SREBP-la. Luciferase assays using mutant reporter genes revealed that SREBP-
dependent transcriptional regulation is mediated by two nearby motifs, the SREBP-binding site (a TCAGGCTAG sequence)
and the NF-Y-binding site (a CCAAT box). It was confirmed by gel mobility shift assays that recombint SREBP-1a binds to
the sequence. Data from studies with transgenic mice and reporter assays show that the ACL gene promoter is activated
by SREBP-1a more strongly than SREBP-2 in contrast to the HMG CoA synthase and LDL receptor gene promoters, which
exhibit the same preference for the two factors . Therefore, SREBPs transcriptionally regulates ACL enzyme activity, which

generates the cytosolic acetyl CoA required for both cholesterol and fatty acid synthesis.
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2.1 b bFEME SREBP-1 % —@BMWICRKKRT S
CHO fHfatk DL
HoH L Lac 1 L5 5 CHO Mtk z 8 L
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2.3 Luciferase assay ;& IC & B ICERIBEDRE
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it 300bp 25 Tt 29bp # F LA 70 —=V 7 L, WV
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BECELREWICIPTG 2 RML, 19 REHIEEL, &
RNA Z[HLL, 7HI—AFVICTEKIK L, Th?
o 7a—7%JwT Northern Blot fi##r %47 - 72 (Fig.
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KD SREBP IIATEHALIREETSH . CHO-437 Mg T
OAIPTGIZ X VAR ¢ MEER SREBP-1 23583 &
NCTwb, ZOIRWF T, HMG CoA synthase mRNA (&
CHO-Lac Mg ClammBRA LT £ TA L, —F CHO-
487 MK TIEAMRE SREBP-1 12 X D x> RSk & 7z,
ACL 122\ TCid HMG CoA synthase mRNA & [ahf 7 5
KONy = FBOENTZH0D, TV AT a— VBEIR
P o CHO-Lac Mg T FHAMERR S . SREBP-1 1
EEO—#HZHE L TWwb I EHERIN,

C Ok ACL B FOIRG |25, SREBP-1 ©#F

A B Fig.1 Northern blot analysis for the ACL
and HMG CoA synthase gene in CHO-Lac
ACL '. and CHO-487 cells. CHO-Lac/A) and CHO-
Syn _— 487(B) cells were cultured with 1 ug/mL of
25-hydroxycholesterol, 10 ug/mL of cho-
S17 - - lesterol and 1 mM IPTG for 19 h. Twenty
ug total RNA samples were fractionated
on 1% agarose gel, transferred to nylon
membrane, and hybridized with a DIG-
labeled riboprobe for ACL, HMG CoA
synthase or S17. The fold change in ACL
mRNA, relative to that in CHO-Lac cells,
was calculated after correction for loading
differences with S17. Signals were quan-
tified with a Fluorlmager 595. In three
separate experiments the same relative
mRNA levels were obtained.

BB VBB EIND ANANEHL 200, Milaka L
AT 0= )VOKIZIE U Tk Z %5 SREBP O LIZ & -
THFEXEIENDZDONITONT, b MFMN Hep G2 12
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WHL<Ealbaro— VARMERZ &R TR
L. RNA # X L. Northern Blot f## #4175 72 (Fig. 2),
ACLIZHIIEN O I L A 7 0 — )V OBINIAE WAL T
L. AR BIMASRD Stz DLEomid, A4
P COMIEN T L A5 0 — )V EOEENLE S MK
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Tk M ACL#EEFO T — % — iz 70—
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SREBP-1 |2 & 2 #n B iR {0 A #UIR O [ 8 & k2o 25
Bt s 5 131 bp L % Ti& SREBP-1 12 X 2§l 2 %\
7oA, 94bp T THL T4 & Z0HESIIIbN (Fig. 3).

Z Ty 13125 94bp O¥EFEE S, SREBP DL
FCy DERERAL % 3 4 F. SREBP 54307 00 B2 (A AE
LR < NF-Y O & A 1 7 Fric e Eh 4R
EANTZVR—=F —BETEHBEL. VY T725—ET
v A BATo 7z ZORE, Bt 110bp FHEOBELHICIE
%9 HEEHIC (ACL-131SREbKO), ZhIZEHET 5
CCAATBEH HPMICUIETH L I EFHSE NI 72
(Fig. 4)o SREDb E2¥~® SREBP O#s&I137X VY 7 b7
v LI X DR L 720

ACL BRI G, L AFu—LalkomsEmygc
HBHTEF I CoA K% fillls 2EEH TH ) B OFEH
WCEETH LN [ VA VADIBEEZ T TOHR
I A F— BRI T CTRBRARELHF LT L) KD
oy VEHEE L CEBENTWwES, T, IV AT
O — VA B R - O MR BRI I 31 BE 9 5 SREBP
2 (T ATHR IR AR 3 B LB AR T O G ENIC 55 %
SREBP-1 12 X 2 X&M< 2 AW etEdrd %, 22T
Vo7 x27—ET vl DRI F SREBP-1. SREBP
2FEBETIAI v FEENRZFNEAL, WELTWRF L7

Sterols + — Fig 2 ACL mRNA expression is regulated
by cellar cholesterol levels. Hep G2 cells

ACL . . were cultured with medium containing
S17 - e 5% LPDS supplemented with either 1

ug/mL of 25 -hydroxycholesterol plus
10 ug/mL of cholesterol (sterol-loaded
conditions) or 50uM of a HMG CoA
reductase inhibitor, pravastatin plus
50 uM of sodium mevalonate (sterol-
depleted conditions) for 48h. Northern
blot analysis was carried out as
described in the legend to Fig. 1.
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Fig. 3 Regulation of ACL promoter-luciferase reporter genes by SREBP-1a(1-487). HEK 293 cells were trans-
fected with one of human ACL promoter reporter genes (200 ng), a plasmid encoding b-galactosidase (100 ng),
and an expression plasmid (10 ng), pPSREBP1(1-487) for 4 h. The cells were incubated for 48 h and then lysed,
and enzyme activities were determined. The ratio of luciferase activity in relative light units (RLU) is divided by
the B-galactosidase activity (U, units) to give a normalized luciferase value (RLU/U). The values given are the
average of data from more than three experiments performed in triplicate.
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Fig. 4 Effect of the mutation of the SRE or the NF-Y binding site on the expression of reporter gene. HEK 293
cells were transfected and cultured as described in the legend to Fig. 3. The fold activation (luciferase activity
with SREBP-1 versus without SREBP-1) is shown. The luciferase activities obtained by the reporter genes were
in the range of 400 to 1000 RLU/U. The values given are the average of data from more than three experi-
ments performed in triplicate.

(Fig. 5)o ZO#EH, ACL 12 SREBP-1 {2 & b @& mRNA E2MEL72E 25, HMG CoA synthase. LDL
WaEFE-> TS L7z — i, T bu— )V THW/ HMG ZHEEMRNAR NS YAV 22y 72w A TENH
CoA synthase. LDL SZ&RER T IR ITH L TIZIZF DN 572D L, ACL mRNA X SREBP-1 5
HEORISER LT & 512 SREBP-1. SREBP-2 % i# VAV =y IRIATEMERL, VT 2T —ET v
BT DT VATV 2=y 7wy AP COZERENRD A DFERE—F LT,
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Fig. 5 Differential sensitivity of the ACL, HMG CoA synthase and LDL receptor promoters to overexpressed SREBP-
1a or SREBP-2. HEK 293 cells were transfected with one of reporter genes (ACL-131, pHMG S and pLDLE;
200ng), a plasmid encoding B-galactosidase (100ng), and an indicated amount of expression plasmid, pPSREBP 1 a
(1-487) or pSREBP2(1-481), for 4h. The cells were incubated for 48 h and then lysed, and enzyme activities
were determined. The fold activation (luciferase activity in the presence of SREBP-1a or SREBP-2 versus in the
absence) is shown. The values given are the average of data from three experiments performed in triplicate.
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