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Studies on the physiological role of acetoacetyl-CoA synthetase
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AACS; acetoacetyl-CoA synthetase
ACC; acetyl-CoA carboxylase
ACL; ATP-citrate lyase

AMP; adenosine monophosphate

AP; activator protein

bp; base pairs

BSA; bovine serum albumin

cDNA; complementary DNA

ChIP; chromatin immunoprecipitation

CRE; cyclic AMP response element

C/EBP; CCAAT/enhancer binding protein
DMEM/F-12; Dulbecco’s modified Eagle’s medium: Nutrient Mixture F-12
DTT; dithiothreitol

EDTA; ethylenediaminetetraacetic acid
EMSA; electrophoretic mobility shift assay
E-MEM; Eagle’s minimal essential medium
FAS:; fatty acid synthase

FBS; fatal bovine serum

GAPDH; glyceraldehyde-3-phosphate dehydrogenase
Gusb; B-glucuronidase

HBSS; Hanks’ balanced salt solutions
HMG-CoA; 3-hydroxy-3-methylglutaryl-CoA
HMGCR; HMG-CoA reductase

HMGCS; HMG-CoA synthase

HRP; horseradish peroxidase

LPDS:; lipoprotein deficient FBS

MAP-2; microtubule-associated protein 2
NeulN; neuronal nuclei

NF'; nuclear factor

PMSF'; phenylmethylsulfonyl fluoride
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PVDF; polyvinylidene difluoride

RACE; rapid amplification of cDNA Ends

PBS; phosphate-buffered saline

PPAR; peroxisome proliferator-activated receptor

RA; retinoic acid

RNA; ribonucleic acid

rRNA; ribosomal RNA

RT-PCR; reverse transcription-polymerase chain reaction
SCOT; succinyl-CoA: 3-oxoacid CoA transferase
SDS-PAGE; sodium dodecyl sulfate-polyacrylamide gel electrophoresis
shRNA; short hairpin RNA

Sp1; stimulating protein 1

SRE; sterol response element

SREBP; sterol response element-binding protein

SSC; standard saline citrate

STZ; streptozotocin

TBS; tris (hydroxymethyl) aminometane buffer saline

WAT; white adipose tissue
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acetyl-CoA 73, acetoacetyl-CoA thiolase {2 L ¥ aetoacetyl-CoA (272 BHEE RGN B
5 E 5. eV Tl 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) synthase (EC 4.1.3.5,
HMGCS) (Z &£ Y acetoacetylCoA & acetyl-CoA 23§ES L C HMG-CoA EA S 1,
B2 HMG-CoA lyase (EC 4.1.3.4) O{ERIC XY 7 & MEEBE & acetyl-CoA ~&
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7R UREERFCBOTHLARING D, FICHBRSCEE OFERKRR R o /L
a2 — ZDRAE VBT 7RI BN T, REEE S fRIC &> TA L % acetyl-CoA 73
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R EFHINDIREBICRY | BEEEZSIEEZ, 20 X518, 7k ARIIERRFR
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BRI SN D 72Dzl 7 & MEEEEDS acetoacetyl-CoA ~ & {EMEL I D BE
Bdbbd, ZORNIIZ, FBUSAD I a2 R 7TESICHFEET 5 succinyl-CoA:
3-oxoacid-CoA transferase (SCOT) »3B53 2 Z &AM BN TS, SCOT %
succinyl-CoA 725 7 & MEEEEIZ CoA ZEB IV ARIGEME L, Zhickv 7&K

HEBEIX acetoacetyl-CoA ~ETEME(L I 5 1112 (Fig. 2),

o o O O
TR TR
CH,CCH,C-OH — CH,CCH,C-S-CoA
Acetoacetate K Acetoacetyl-CoA
Succinyl-CoA Succinate

Figure 2 CoAtransferase reaction
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EBIZ L V| ATP citrate lyase (ACL) FRERICTH D ()b Ru¥o J = BOFE
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IN6DZ L ESELZT, FHBICKIT 27 & MEFEROIEHAVEER ORET M Tz
R B FHEESIZ X 0 IEEIBTRE Zoogloea ramigera 7> 6 DNERLE BV 12 200
T v POV A bV LES &Y acetoacetyl-CoA synthetase (EC 6.2.1.16) 73¥]1%
TR SN 1D, SCOT NEEBER TH D DTt L, RKEERIL ATP OMASRE
v NV LTT & MEEER % acetoacetyl-CoA [ZiEMALTA2H MOV H—¥THbH 2 &

WA LN E o7 (Fig. 3),

CoA,Mg2 ™+
O O O O
TR TR
CH,CCH,C-OH — CH,CCH,C-S-CoA
Acetoacetate Acetoacetyl-CoA
ATP AMP+PPi

Figure 3 Acetoacetyl-CoA synthetase reaction
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(1) AACS @ promoter FEI D AEHT
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succinyl-CoA: }
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acetoa;etyl-CoA ATP-citrate lyase
synthetase (ACL)
(AACS) acetoacetyl-CoA
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HMG-CoA synthase 1 | / acetyl-CoA

HMG-CoA + carboxylase 1
HMG-CoA reductase | malonyl-CoA
(HMGCR)
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Figure | Pathway of ketone body metabolism

In extra-hepatic tissues, acetoacetate is utilized mainly for energy production through its activation by
succinyl-Co A:3-ketoacid-CoA transferase (SCOT) in the mitochondria. In the liver, acetoacetate
activation is carried out by acetoacetyl-CoA synthetase (AACS) m the cytosol Acetoacetyl-CoA is also
formed from two units of acetyl-CoA by acetoacetyl-CoA thiolase in the cytosol  Cytosolic
acetoacetyl-CoA i addition to acetyl-CoA is utilized for lipogenesis pathways, such as cholesterol
synthesis and fatty acid synthesis. Carboxylation of Acetyl-CoA is catalyzed by aceyl-CoA carboxylase 1
to produce malonyl-CoA for fatty acid synthesis. HMG-CoA is produced from acetyl-CoA and
acetoacetyl-CoA by HMG-CoA synthase 1. HMG-CoA reductase, a rate-limiting enzyme of cholesterol

synthesis, provides mevalonate of mevalonate pathway.
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TR CIR 7= X 512, AACS ORERFEHIZ 2 L AT n— VETAIDO RS0l E G
DEEA TR O - BAEMICEE T 5 Z L BPALNTR > TWBR, ZOFREIME
BIOEHPEREOFEMIITALREETH D, FxlL AACS ® mRNA ENBEAEZD
7 v METIRVHABICIS N TE LIBT3 2 &, E, MREEE ORISR M 0
SEEBEICBWTEORBRENIEMT 52 L EALMNCLTVWD 8, X512, AACS
DEETRERENERBCLIEEEZT A END | AEEPEHMROS LB L
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BIE R
Mouse AACS mRNA D&k #i

TERBFILE TS AACS ©® mRNA LARAERBRIFTHDIL, v T AND
epididymal white adipose tissue (WAT). skeletal muscle, cerebrum, cerebellum,
spinal cord, lung. spleen. liver 3 X" kidney ##&H| L total RNA %%,
Northern blot {EIZfit L7z, ZDfER. Fig. 4 1217 L 512 AACS OBEETFHBUL
epididymal WAT 3 X O kidney T%< ., brain, spinal cord 33 X U liver {28\ TiX
HEEDRBRTH o7z, £72,.SCOT 2 EFKB T 5 skeletal muscle (23 Tk AACS
DREBUTIFE A EBBE SN2 o7z, BEOFRERMNL. AACS DF BT SCOT & ik

REL ERLIEEEBICLVAH SN TS RN RIR I N,

AACS Bz F DB BA R DIRE

% ZC, AACS @ promoter fEIKZIRE T 57-H (2, 5-Rapid Amplification of
¢cDNA Ends (6>RACE) {£E% AW T~ U XDOfFRIZIIT 5 AACS #{m 7D 5K uafE
ZMEt L7, 5-RACE OFATIC L V., AACS IZBIRRBHLGA (+1) 725 Eifi-104 base
pairs (bp) OB FEETRRBREFF O EBHL NIRRT,

TFSEARCH (www.cbre.jp/research/db/TFSEARCHJ . html) ZFEH L. IEEFES

Bk A YT LT R % Fig. 5 107" F, ZOMHTIZX D, AACS BIs 1O EFiCiX,
activator protein 1 (AP1).cyclic AMP response element (CRE). stimulating protein
1 (Sp1). nuclear factor 1 (NF-1) 3 X T leucine zipper CCAAT/Enhancer binding
protein (C/EBP) family 72 ¥ OfEATFHIEIINFET DS Z BB LML R o T,
AACS B FOEEMMGRAMITIZIE, KR TATA box IIFTE L 2RDN > 72 h3,

transcriptional initiator element <> GC box N{FEL T\, Zh b OB,
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TATA-less promoter |Z L < ROENDHES|TH D Z &b 30 KiEIEH AACS DERE

FtE R TdH D AIREM I VRIZ S T,

AACS

rRNA %

185

Figure4 Northernblot analysisof AACS mRNA in various mouse tissues
Total RNAs were obtained from epididymal WAT, skeletal muscle, cerebrum, cerebellum,
spinal cord, lung, spleen, liver, and kidney. Hybridization was performed with a 32P-labeled

mouse AACS cDNA probe. The lower panel shows EtBr staining of ribosomal RNAs (1
ug/lane).
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TCTTGCTTGGGGGGCCCTGGACACTGACTCCTCTCTTTGTTCGGAAACCTGCAAGATTTCCTAAAG
CTCCCTTCTGTCACCTGCAAGCCACTGTGAGCAACATGGAGTCACATCCCTAGCCCTCTCTTTTCT
TTTAGTTTTAACACATGGCTTTTTAAAGTTTGCCCGGACTAGTCTTTTTCTTTTCTTTTCTTTTCTTT
CTTTTTTTTTGGTTTTTCGAGACAGGGTTTCTCTGCTGGCCTCGAACTCAGAAATCCACCTGCCTCT
GCCTCCCAAGTGCTGGGATTAAAGAAAGGTGTGCGCCACCACGCCCGGCGCCCCGGCTAGTCTTG
AACTCACTCTGTTACAAGAATAATCTTAAAGCCCAGACGCCTCTCCCACCTCTACCTCCCAAGTAT
TCCGATTACAGGGTTTTGCTTTGAGGTCCATGCTGGAGTGGAACTTACTGTCATCCTCCTGTCTTA
GTCTTTAAAGTGCTGGGTTTCAGGCTTGCCCCAGAATGTCCTGTGCTTAACGCTTTTATTTTCAGTC
TIGACGATAGACTTGAGGTCTCACTCACTCAGTATCTTATGTTACATTATATACCCCATGTATCCCT
CRE AP-1
GCTACAGCATCCCTGTGAGTGAGCACACGCGACACGGACACGCATTTTAGAGGTCTTCTGCACGC

GTTTTAGGCTTAAGACATCTCCGCAGCTAAAGTGAGTGTTGGAGGAGCAACTTAATTTGAATAAGT

GAATGAATGAACGAACGAACGAGGGCAATAAGTAAACAGAGCAACACCCGGTAAGTTGTGCAATA
C/EBP family

AGTGAGGGCGTGGAACATGCTIATCGCGCCTGCGCAGGCGAGGCACTCTTIITGGCAGCAAGCGC
E2F NF-1

CCTTTTGCAGGCGCGGCGCGGCGGAGGGTTACAGAAGAGGGCGTGGTCTC,

Spl GC box
ITCTGGAGGCGTGGCGAAGGCTGCTGGGGGTGTGACCAGGCCGGATGTCCCACAGGCCGCGLCG
+1 t-Etsl

GCGCTGGTTCAGTCTCGCGCTGTGGTTCGTCGGCGCACCGCTGATCCGCTCCACGCCTTGCGCTC

+56 TCCGCTCTCAGCCAAAGCCCGGCAGCCCCGGCCACGCAGCTCCGCAACCATG

Figure 5 Positions of potential regulatory elements in the 5’ flanking and non-coding region

+107

-968 to +104 of the mouse AACSgene

Arrow indicates the transcription start site.

Putative binding sites for transcription factors are underlined.
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AERARIAE 3 LEERE 12 3517 2 AACS mRNA L ~UL D FsET

C/EBP family iZAEAFARSLICE T A ~AZ—L X 2L —F THHZ EBHLMN
1272 5T 32 AACS @ mRNA (I epididymal WAT iIZ BV CEEB LTS (Fig.
4), =T, IEMMBOSLERIC T S AACS OREIZRFTL2HMNT, vV AD
RITBRAG A #IME C & 5 3T3-L1 ML D LB B (C 3517 5 AACS DB FRBEZ AT L7,

o7 MIREEE THEE L7z 3T3-L1 Mlals o kiFEH (10%FBS. 0.5 mM
3-isobutyl-methylxanthine, 0.25 uM dexamethasone 35 & " 0.5 pg/mL insulin) %
MER L, AERARIEA~O b A FFE LTz, Fig. 6 17T £ 512, AACS OEETHEIL
JERSOEEN AL D253 AELD 4 BRICH T TELIEMLZ, £/ 2 DR,
CEBPaf L UBDOEB AR LR, BEO®RE L —F L T C/EBPRIIAHMAAL
fbo iz, C/EBPalIARIFflE b OF I TH L0k 4 A BIZBWTEDREED £

H L7239,

0 1 2 3 4 5 6 7 (day)

AACS

C/EBPa

C/EBPB £

B-actin
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Figure 6 AACS mRNAexpression during differentiation of 3T3-L1 cells

Proliferating 3T3-L1 cells were cultured in 10% calf serum until they reached confluence.
Two days post-confluence (day 0), cells were induced to differentiate by exposure to adipocyte
differentiation inducers. The numbers indicate the days on which the cells were harvested.
Total RNA (4 pg) was reverse transcribed to cDNA, and AACS, C/EBPo, C/EBPB and B-actin
mRNAs were detected by PCR. B-actin was amplified simultaneously to serve as an internal

control.

AACS E5T O BFRBEBOEREENE

AACS BfoFDEEIEMEIZED 2 2 REFIZ B 50 & 3572912, AACS BinF D
5 KU fHI 2 pGL3 reporter vector (ZFlAiAZ, 3T3-L1 431k 4 BRICKIT 5
promoter &% luciferase assay = VW CHIE L7z (Fig. TA), TOREER, #&ET E
Jit-3bp & ELE L T, -110bp ZEA L 7= FEIZ AACS DERETEMENZE LML, -335
bp (ZHEMHT D LERBIEMNR RN L R o7, £ OFEBIZIE, RIORLEEBEERTFHEE
Ei5TéH % GC box B LU C/EBP family fEAEFINFEL TS, £ I Tinverse
PCRIEZHWTHEESNCERZEA L, BEIEE~OEEL RS L7, Fig. 7B II7F
T3&Y . C/EBP family fAHESE L TNGC box (2T 2 EREAIZ LY . AACS D
BEEESZNLTI 50%HET 5 2 LA S 272 Y | MBS 3T3-L1 Mok

BFEIC BT AACS DEREFERC B 53 2 WREMEA RIZ S iz,
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Figure 7 Functional analysis of the 5’-flanking region of AACS in 3T3-L1 cells

(A) Nucleotide numbering starts with +1 corresponding to the transcriptional start. Reporter
constructs having varying 5 ends and an identical 3’ end (+104) were transfected in 3T3-L1
cells. Luciferase activity was normalized by B-galactosidase activity. Assays were carried
out in triplicate, and error bars indicate the standard deviation. RLU, relative light units;
B-gal, B-galactosidase.

(B) 3T3-L1 adipocytes were transfected with a series of AACS promoter constructs. Schematic
representation of different mutated reporter constructs used in transfection assays. Values
are presented as percentages of the control (unmutated construct). Assays were carried out

in triplicate, and error bars indicate the standard deviation.
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HIEI T S L 72 o 72 GC box 3 LU C/EBP family #5585 EHEERT 2 v
N EEBET 2 BT, kBB GRafk:P) BLU{k4 BE (A) @ 3T3L1
MRS 7B 2 iH L electrophoretic mobility shift assay (EMSA) %17 - 7=
(Fig. 8A), € D#EH., GCbox & C/EBP family fEAESIIIZEE Y LRI E & OFE
ERRO LN, EXZOFEITBRRIET ~ VL DNA OREIZLVEE LD L
1o, EIERMZHEEERATHL Z LB LNICR T, Roklke, 2{EREORES
BT 5 L, C/EBP family f5 58S E MEERT D E 27BN 5{b4 BHE
IZBWTHEMT 5 Z Lh, AACS OEEFHHENIZIX C/EBP family NEEREE 27
7= RTREMEDSRIR S L7z, C/EBPads XU C/EBPBIdIER M /b~ R Z—1L X o
L— & Thbd, 2T HMEERFOFEE VT, super shift assay 21T-7=  (Fig.
8B). £ DR, CEBPRIZZ LRI L UKERFIZIV\ T C/EBP family A% & HHE
EHT2Z EPALNERY 72 CIEBPald b4 BBICBWTOAEATEZ L
BALMNE T2 o7, U EOHKERIT C/EBPaf L UBHIIZ AACS ORB A3 57
BEMEZTRETLHDTH S0 EMSA THH L7727 37 H & DNABSIZ2RIs S8
HHETHY . MENOREZ +5RBRL TV5 LIFEVEN., £2 T, Manick
75 C/EBPa¥ KLUB & AACS @ promoter SO EEAEZBRFTIT 2BHT,
chromatin immunoprecipitation (ChIP) assay 1T~ 7, Fig. 9 {Z "7 X 9 iZ
C/EBPa & ODFEERIZ 3T3-L1 43k 4 B HIZBWTE LI EML =2, C/EBPRD
FAEERIIEENTH - LERIC L 22 VBEIN o7, UEOERX Y,
ReRARIRE O (LB Iz 38U Tk C/EBPads AACS DRBLZFHEN9 5 ATREMED R

X7,
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Nuclear — Nuclear N X
extract + + + 4 extract I
Competitor = = + + Competitor + o
Probe Probe
Gepoxyy toor ot o+ 4 T oY W

B
P A P A
Nuclear ) /) Nuclear e .
extract + * # extract + o+ + +
Antibody Antibody
(C EBPB) + + (C EBPu) + - +
Probe Probe
(CEBp) t t t o+ + (CEBp) t t t t+ + 4+

Figure 8 EMSA of the GC box motif and C/EBP family binding site with nuclear extracts of
3T3-L1 cells
(A) EMSA was performed with nuclear extracts from 3T3-L1 preadipocytes
(P: day 0) and adipocytes (A: day 4). 32P-labeled double-stranded consensus GC box site and
C/EBP family binding site oligonucleotides were used as probes. For competition
experiments, 100-fold excess non-labeled oligos were added before incubation.
(B) EMSA was performed with nuclear extracts from 3T3-L1 preadipocytes (P: day 0) and
differentiated adipocytes (A: day 4). A 32P-labeled double-stranded consensus C/EBP family
binding site oligonucleotide was used as a probe. C/EBPa and B antibodies were used to
supershift the DNA/protein complexes individually. Supershifts (arrow) are indicated on the
right.
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C/EBPa

C/EBPB

Normal rabbit IgG

Input

Figure9 Association of C/EBPa and B with the AACS promoter

Cross-linked DNA was prepared from 3T3-L1 preadipocytes (P: day 0) and adipocytes (A: day
4). ChIP assays were performed using the indicated antibodies, and the recovered DNA was
subjected to PCR amplification using the primers specific to the AACS proximal promoter

region. A small aliquot before immunoprecipitation was used for PCR amplification as the

input control (Input).

3T3-L1 Mlf@IZ 31T 5 AACS %8 & /{TEtE

FERHARIZ 31T 5 AACS DEREIZFTT 572012, 2 {baFE% O 3T3-L1 Mfaicis
75 AACS O & v Ry BRBZ BT Lz, AACS ORBLISk 4 B HLIKEE, ELL
AL 72 (Fig. 10A), &iZ. 2t 8 B BB 5 AACS OMFaNBIE L BT L=,
fERA# % Nile red (2 X ¥ ifea, F7-#%% propidium iodide (Z & ¥ 46 L T AACS
JRTE L W 5 & AACS I EICHREE S, Rl ADEOMBEICRET S &
WEA D& 7p o7z (Fig. 10B and C), 246 OFERIL, AACS B IREARIZLERT

B FNEEZEOMIRE TG T D TR 2 e LT D,
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-

Propidium lodide

Figure 10 Protein expression and localization of AACS in 3T3-L1 cells

(A) Proliferating 3T3-L1 cells were cultured in 10% CS until they reached confluence (day -2). Two days
post-confluence (day 0), cells were induced to differentiate by exposure to adipocyte differentiation
inducers. The numbers indicate the days on which the cells were harvested AACS and B-actin were
detected by western blotting.

(B) 3T3-L1 cells on day 8 after the initiation of differentiation were stained for AACS (green). For
visualization of lipid droplets, preparations were stained with Nile red (red).

(C) 3T3-L1 cells on day 8 were stained for anti-AACS (green). For visualization of DNA, preparations

were stained with propidium iodide (red).
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Figure 11 The effect of AACS knockdown on 3T3-L1 differentiation

(A) 3T3-L1 cells were infected with shcontrol or shAACS targeted lentivirus when cells reached
confluence. Total RNAwas extracted from 3T3-L1 cells at the indicated time. The expression of AACS
was analyzed by real-time PCR, and the mRNA levels were normalized to 185 rRNA The average
expression values in the control are indicated as 1.0. Error bars indicate the standard deviation (S.D.,
N=3); *P<0.05; **P<0.01; ***P<0.001.

(B) The 3T3-L1 cells were infected with shcontrol or shAACS targeted lentivirus when cells reached
confluence. The cells were fixed with formalin on day 8 after the initiation of differentiation. Lipid
droplets were stamed with oil red O, and the cells were microscopically examined. Left four panels; scale
bar=90 um. Right eight panels; scale bar = 40 pm.

(C) 3T3-L1 cells were mfected with shcontrol or shAACS targeted lentivirus. After 8 days of
differentiation, cells were stained with oil red O and treated with 100% isopropanol to extract the oil red O.
The solution was then measured for absorbance at 520 nm. The error bars indicate the S. D. (N=3);

**¥P<0.001.
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BITRBO bR o, £, 7 bR ETRXNF—EER~LHHET2 SCOT
DEBIIFR L EB Uo7, BIBEGHREOERETH S, ACL. acetyl-CoA
carboxylase-1 (ACC-1)*° fatty acid synthase (FAS), # L T2 L A7 1 — /L &RkEER
DEFREFER TH D5 HMGCR OB L BN BEI R 2722 &35, shAACS
DRI LHEARBICEDLIBEFICHTIATZ—F Yy MIRFELRNT L
BB NI T2,

T4k 8 HBIZHIT 5 PPARy: C/EBPadDHB # kit L7/ %E. shAACS %
ME L 7- 3T3- L1 MRICEBWTIE, MEBEERTFORGFERPELIBITILI LR

B &z o 72 (Fig. 13),
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Figure 12 Effect of ShAACS on gene expression of lipogenic enzymes and adipocytes markers in
3T3-L1 cells

3T3-L1 cells were infected with shcontrol or shAACS targeted lentivirus when cells reached confluence.
Two days postconfluence (day 0), cells were induced to differentiate by exposure to adipocyte
differentiation inducers. Total RNA was extracted from 3T3-L1 cells on day 2 after the mitiation of
differentiation. The mRNA levels of PPARy, C/EBPa, SCOT, ACL, ACC-1, FAS and HMGCR were
analyzed by real-time PCR. Gene expression was normalized to 18S rRNA. The average expression

values i the control are indicated as 1.0. The data are shown as the mean = S. D. (N=3).
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Figure 13  Effect of sShAACS on gene expression of adipocyte markers on day 8 in 3T3-L1 cells

3T3-L1 cells were infected with shcontrol or shAACS targeted lentivirus when cells reached confluence.

Total RNA was extracted from 3T3-L1 cells on day 8 after the mitiation of differentiation. The mRNA

levels of PPARy and C/EBPo. were analyzed by real-time PCR.  Gene expression was normalized to 18S

rRNA.  The average expression values in the control are indicated as 1.0. The data are shown as the

mean + 8. D. (N=3); *P<0.05; **P<0.01; ***P<0.001.
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DEREHRF 13 resistin < adipocyte amiono acid transporter gene 72 £ D g 15/l i &
BHRFORBAEZFE LT3 9049, Spl #EEEFNITA v R VTRET D84 8
BFOLRBEBICFELTEY, 72, 7 M AEER L T2 HMGCS2 D&{T
ERMICHEEL. cMyc IZX2EBEHRE LN THZLRMON TS 9, Freed 6
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Figure 14 Effect of hypocholesterolemic agents on AACS gene expression in the mouse liver

(A) The data are shown as the mean + S.D. (n=4). *** P<0.001 between control mice and mice fed
with the standard diet containing 0.4% pravastatin and 4% cholestyramine.

(B) The expression of AACS, ACL and HMGCR mRN A in the liver of mice that were fed a standard diet
(SD) or a standard diet containing 0.4% pravastatin and 4% cholestyramine (P/C) was analyzed by
real-time PCR.  The mRNA levels were normalized to GAPDH.  The standard deviation (S.D.) is shown.
The average expression values in control mice are indicated as 1.0. *P<0.05; *** P<0.001 between
control mice and mice fed with the standard diet containing 0.4% pravastatin and 4% cholestyramine.

Number of animal pairs used: n=4.
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Figure 15 Effect of hypocholesterolemic agents on gene expression transcription factor in the
mouse liver

(A) The expression of C/EBPa., C/EBPf, Spl, SREBP-1a, -1c and -2 mRNA in the liver of mice that were
fed a standard diet (SD) or a standard diet containing 0.4% pravastatin and 4% cholestyramine (P/C) was
analyzed by real-timée PCR. The mRNA levels were normalized to GAPDH. The average expression
values in the control are indicated as 1.0.  Error bars indicate the S.D.; ** P<0.01; *** P<0.001. Number
of animal pairs used: n=4.

(B) The protein expression of C/EBPa., C/EBPB, Spl, SREBP-1 and -2 in the liver of mice that were fed a
standard diet (SD) or a standard diet containing 0.4% pravastatin and 4% cholestyramine (P/C) was

analyzed by Western blotting.
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Figure 16 Effect of U18666A on lipogenic gene expression in hepatocytes

The expression of AACS, HMGCR, SREBP-2 and SREBP-1¢ was analyzed by real-time PCR. The
mRNA levels were normalized to GAPDH.  The data are shown as the mean + S.D. (n=4). The average
expression values i the control are indicated as 1.0. **P<0.01;, *** P<0.001 compared with

DMSO-treated cells.
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Figure 17 Total RNA was extracted from FBS- or LPDS-treated hepatocytes.
The expression of AACS, HMGCR and LDLR was analyzed by real-time PCR. The mRNA levels were

normalized to GAPDH.  The data are shown as the mean + S.D. (n=3). The average expression values in

the control are indicated as 1.0. ** P<0.01; *** P<0.001 compared with FBS -treated cells.
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Figure 18 Association of SREBP-2 with the promoter of AACS gene

(A) Cross-linked DNA was prepared from liver of mice that were fed a standard diet or a standard diet
containing 0.4% pravastatin and 4% cholestyramine. ChIP assays were performed using the indicated
antibodies, and the recovered DNA was subjected to PCR amplification using the primers specific to the
AACS proximal promoter region. A small aliquot before immunoprecipitation was used for PCR
amplification as the input control (Input).

(B) Effect of siSREBP-2 on AACS and HMGCR expression in the mouse hepatocytes

The expression of SREBP-2, AACS and HMGCR mRNA was analyzed by real-time PCR. Gene
expression was normalized to 18S rRNAs. The data are shown as the mean + S.D. (n=4). The average
expression values in the control are indicated as 1.0. ¥, P<0.05; *** P<0.001 between siLuciferase (siLuc)

and siSREBP-2-treated hepatocytes.
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Figure 19 Effect of shAACS on total cholesterol in the mouse

(A)The mice were administered shAACS vector via tail-vein injection. ~ After 24 hrs, the cytosolic protein
fraction was extracted from the liver.  Total proteins were analyzed by Western blotting.

(B)The data are shown as the mean + S.D. (n=4).

(C) The mice were administered shAACS vector or shcontrol vector via tail-vein injection.  After 48 hrs,
the mice were treated with shAACS vector or shcontrol vector and were reared for 48 hrs. Protein
expression of SREBP-2 in the liver of mice that were treated with shcontrol or sShAACS was analyzed by
Western blotting.

(D) The mice were admmistered shAACS vector or shcontrol vector via tail-vein injection.  After 48 hrs,
the mice were treated with shAACS vector or shcontrol vector and were reared for 48 hrs. Gene
expression of HMGCR and LDLR in the liver of mice that were treated with shcontrol or shAACS was
analyzed by real-time PCR.
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AACS DEBEEB P A VAT u— VAEGRICEEY B2 B 5HT- 2z~ Lz,

A VAT u—ETHRIOBREIZL Y, FFEICRT 5 AACS O mRNA VLA EFER
MU (Fig. 14), ~4 707 VAL E2HWEREIZLD ., AACS OBETFEERN
SREBP-2 3 L U'SREBP-1c A L2 h T VAV x =y 7 < U ROV CHE
(ZHEMT 5 Z EBEABNERSTND Y, Zh b OfERIL SREBP-2 4 AACS DIEEE
I E T 2 AREMEZ RIE L T\ %, SREBP-2 (I A Lo ¥ v R—EE R ORE
KFTH Y, sterol response element (SRE) (ZfEA L 2 L AT v — L AROEEEETE T
&% HMGCR DRGEFRBREFEH T 255 9 AACS D promoter FEIKICIX, HFIHY
72 SREBP & &85 (SRE) NTEEL T/,

—JF . ABFFEIZI T SREBP-2 43 AACS @ promoter fEIKk & HHEMEH T 5 Z & 238
Bk 7eo7- (Fig 18A), 512, SREBP-2 % / v 7 &7 4% L HMGCR & G2
AACS DEBLBBATHZEEHONE L (Fig. 18B), LA ED#ERIZ, gz
T AACS D3EHN, FIZ SREBP-2 IZ L > THREIS WD FIREMEZ RIR L TW 5, i
5DHEELY ., SREBP-2 {3 AACS ORBLEMOEERT L HAA T T2 L #HE
INB, BkARBFFRIC LY, SREBP-2 it Spl. nuclear factor (NF)-Y. F72i% cAMP
response element binding protein (CREB) & ##RHIIZ SRE B2 % Fe > B F DOHBLZ R
BT DI ENHALNER5>TWVS ), AACS O promoter FEIIZ1% NF-1, Spl. CREB
ZLTGCbox BDFFTET HZ LA b, T b DERERT & SREBP-2 2% AACS DRBLE
RETT HEREMENRE X DB,
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ETHEPERET L2, <~V ZREFEOHFIBIZIBV T AACS ORBEEZMHIT 5 7= DI
hydrodynamics &% A L7z %, AFEIIFRICENTEBEFEZ/ v 27 ¥y T4k
DICAEN2FIETHY | shAACS ZHEALTZRER. AACS OFEBIIFRICEH S
7= (Fig 19A), ZOF, MET VAT 2 — /L ORENRED L2 L5 (Fig. 19B),
AACS A L7=sr b U BEFIRAD, 2 VAT o — UWERHICEEREB R4 2 0
oMol

FREAE D acety-CoA 5 & 1 acetoacety-CoA [INEE AR K DEE L RBH AT
HY . ZHZFI ACL B L acetoacetyl-CoA thiolase 12 L W AR &5 *) (Fig 1),
- T. AACS IZ X - T acetoacetate 7> 5 acetoacety-CoA &AL T 5 RIsit. o
R L B ENTE, LALLM, WO ACL 2+ % & BB G ik
T5—F, AIVRTFu—UZ@REBHRRN LY TEFAEE VAT r— L
H L IEBE G R D &5 O ORKIZHIA S 2 0%, MlRNO 7 & F /L EORZE R
SR IFT D ATREMESE 2 b h b,

%< OMFERERND, BEREBIZS P UBEABICLY 7 R ARERHML, =
FINF—L LTHAESND ZENRENTWA, L LAans, BrxOBREPEE 2
THETD L, ZOMMTMBEN TR LENR D> 727 b ARBR IR U2
RThrHEEZON, BEOERRETIL, 7 AN THA Sl h~ & i
HINBWEWS FREELETOND, RAOHETIE, 7 M FRIABA 2D
SR, BMRHIORBEFHICEDS Z L AREShTEY Y, ik L@ 0%
BREICBTZT FAFHOEERA /T HDTH D,

AZETIL, AACS 2% SREBP-2 IZ X VRGBS, ZORBELH N2 L AT — L\

EHICEERER LR T LALLM E L,
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RDFEEIZXT D AACS D v 7 BT DREERIN LT,
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mMRNA levels
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WRZEE BRERICB TS 7 bR AR O E
LIRTOFRICEB W T, 21X AACS ® mRNA A~ AB IV FOMICBWTE
BILHFELTWAS Z &, BLUOKRMEE OMRRMIRICRET 22 L2HALMILE
BB b OfRERIT. AACS RO FE - EICBL CEEREREZ TTHOT
bHd, T THRIZEITD AACS DABENERLHRHT 572012, Bxldwrv AH
3 MAEFE Neuro-2a M ORISR MR EM (C 51T 5 AACS 0RBLE® & it L7,
AACS DEEBEFBIOY V7 EORBIL, HRERHER ICHEVEAZ ML
(Fig. 20A and B), &iCH#EGRELGEEZ AV T, AACS OMIlRNBEL BET L7
2. AACS 130 < OMIfaE R X O growth cone (ZRTETHZ AL NS T
(Fig. 20C), LLEDOFERL S, AACS BPHRZERE L O OMREHERHC BV TEER

&E &2 B aREE S RIE X T,

B
AACS ———— —
-actin
AACS
4=
g AACS
d
B £2.5
b (=]
3 Fi
E § §291 e
E § E1 5
i ==
= ©1.04
o
& 20.54
8
go.o-

45



AACS Nucleus

Merge

Figure 20 Expression and localization of AACS during neurite outgrowth in Neuro-2a cells

(A) Cells were seeded and incubated for 24 h and then cultured in serum-free E-MEM containing 10 uM
all-trans retinoic acid. The numbers indicate the hours at which the cells were harvested. AACS and
Gusb were detected by real-tine PCR.  Gusb was used as an internal control.

(B) Cells were seeded and incubated for 24 h and then cultured in serum-free E-MEM containing 10 uM
all-trans retinoic acid. The numbers indicate the hours at which the cells were harvested. AACS and
B-actin were detected by western blotting.

(C) Neuro-2a cells were stained at 48 h with anti-AACS and Alexa Fluor 488 secondary antibody (green).

For the visualization of DNA, preparations were stained with propidium iodide (red). Scale bar =50 um.
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Figure 21 Gene expression of lipogenic factors and a ketone body-utilizing enzyme during neurite

outgrowth in Neuro-2a cells
Cells were seeded and incubated for 24 h, and then cultured in serum-free E-MEM contaning 10 pM
all-trans retinoic acid. The numbers indicate the hours at which the cells were harvested.  Gene

expression of lipogenic and ketone body-utilizing enzyme s was detected by real-time PCR.

48



IR ZEEL (i R e O R 5 3

MRS REFICIT 5 AACS OIREHEEA fFHTI 2729012, AACS @ promoter
I M AEERT 25 RFORIE 2 A7, BiFE Cilk~<7- L 912, AACS (EFlEIC
BWT, 2L AT — 5% % 55 SREBP-2 IZ L > TEHEFHEIND Z LRHL
Moz, -, HRELBRERICEO T AACS ORBFELEH NI L AT o —/L
GR EHEPIT A 2 L5 (Fig. 20A and 21), fFliE L O MBSO TR D
RE#REICI VRGN TREENEZ N D, £ 2 T, ChIP assay & &9
SREBP-2 & AACS %7-iZ HMGCR @ promoter FEI & O HAE FH AW L -5 5.
MR ZEE R IO SREBP-2 O EMERASHEMT 5 2 L vbh o7 (Fig. 224), &
IZ. siRNA Zf#/H LT SREBP-2 D¥H%x /) v/ ¥ v 45 L, ACL ORBIIEH
L7edrol=p3, AACS £ X U'HMGCR ORBENF EICHD L7z (Fig. 22B), 2L ED

R LY MRERMEMRICHE O TIZ SREBP-2 78 AACS #HEHE+25 2 L0385

DI IR o Tz,
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Figure 22 Association of SREBP-2 with the promoter region of the AACS gene

(A) Cross-linked DN A was prepared from undifferentiated Neuro-2a cells (0 h) and differentiated Neuro-2a
cells (24 h). ChIP assays were performed using the indicated antibodies, and recovered DNA was
subjected to PCR amplification using primers specific to the proximal promoter region of the AACS gene
or the HMGCR gene. A small aliquot was removed before immunoprecipitation and used for PCR
amplification as an input control (Input).

(B) The expression of SREBP-2, ACL, AACS or HMGCR mRNAbwas analyzed by real-tine PCR. Gene
expression was normalized to that of GAPDH. The data are shown as the mean + S.D. (n=4). The
average expression values in the control are indicated as 1.0. ** P<0.01; *** P<0.001 between

siLuciferase (siLuc) and siSREBP-2-treated Neuro-2a cells.
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Fig. 2312”7 X 912 AACS REBITEL16.5 725 E185 (2h T THEIZHM L 7=,
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(MAP-2) OFE/N E18.5 ICBWTHMT A Z BB LML Ro7, I HIT, spine
apparatus O EEERK ¥ > /X7 B Th 5 synaptopodin DFELN E18.5 (2B VTN
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Figure 23 Effects of shAACS on expression of neuronal markers in primary neurons

(A) Brain tissue was dissected from mouse embryos at E14.5, 16.5 or 18.5.

Protein was extracted from

the brain tissue, and the expression of AACS and other proteins was assessed by western blotting.
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e, 15 DIV ICH 237 B % B #% Western blot 52 W TRFES L 237 B D%
BlatstL7- (Fig. 24), shAACS ZAUEE L 7=z Tik, AACS OFENZE |
<IHIENTEY, £72 NeuN B LU MAP-2 DFEBRNP = bo— L L ik L&
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Figure 24 Effects of shAACS on protein expression of neuronal markers in primary neurons

Primary neurons were infected with shcontrol- or shAACS-targeted lentivirus at 2 DIV, Protein was
extracted from the cultures at 15 DIV. The expression of AACS, MAP-2, NeuN, synaptopodin and
GAPDH was analyzed by western blotting. GAPDH was used as an internal control.
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BWTIEL, AACS ® mRNA IZEIZ/ ) THIGIZRHEL TV 52, KIMEEIZIBWT
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TiE, AACS OB HRIEEMRICHEVEM L, ZORBEBIZEDHEOME B &
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O synaptopodin 72 EOME~— I — RSB T HZEEALNI LT, ThHDORER
KV AACS 20 L7727 b U BRI AP HREEICBOTEERRE 2R3 2 L 39
LTI o Tz,

R ERIZRV Tt AACS O30 HMGCR ORBEEE L FHE L T\ erz
D, 7 N AENGEA ST acetoacetyl-CoA 23, 2L AT r—LERRICFHA I
HEREMEN R SNz, & HIC, AACS ORBEMENIC L » MiEflaD~— 1 —Th D
NeuN & MAP-2 OEBEMNEAD L7z (Fig. 24), BEOHEIZLY, 2L ATFa—1LE
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v FOIZBW TR T DI EBHALNE o TWD 9, £72, ARV T AACS
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FEEREITHLILEEI LN,

PR, RO acetyl-CoA B & L RIVBEOBREZEMHBLIRL X FroTEF L
CICEEREE 2R3 ERHLNICEIIDDH D, acetyl-CoA synthetase 73 &
A~ T EBFIURICHER acetyl-CoA Z G T 2BER L L THLN TV R 8D B
I, ACL MEERNICBWTE R R U7 F MBICHE L 705 acetyl-CoA #4675 2
. e DO%EBL% knockdown 95 & 3T3-L1 M0 L3ImE S h b =
EHRBALME 572 18, AACS 137 v /R 7 B OFRREZIEMNTT o DT O ME
BEOCFELTEY, £ORBEPMMUICEBERERZRZTZ L2 b, AACS BEN
HIRZREMIIVLERT EF LV ELIHET 2R b B 2 b5,

UEORERE Y AACS ITAEMAR, ATl L ORI DREE & Fds £ OV b
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DFEMFRFELRA R PEES RO RECHEEEROBMEIZ L EEIC
RBHLEZLND, AR TIX, AACS &4 Lizs b U BHRIFARES, £ERNOIRE
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DE2 DML, RERBERPHEROFERE OB LOZ DIBRICEELRMR,
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EBROH
F-EICBT 5 ER
(1) 5-Rapid Amplification of cDNA Ends (RACE)

Quickprep mRNA Extraction Kit (GE Healthcare) #f#fH L. poly (A mRNA %
ddY mouse GE X ERENMY) 7 b L7~, GeneRacer Kit (Invitrogen) #H\ T, 1
A8 cDNA ZHEREL7-t%. GeneRacer 5-primer X' AACS B=FIZFFRA:
primer &3£|Z PCR RUGICHEL 7=, g L7z PCR EWMEZ T 7L —F &L T,
GeneRacer 5-nested primer & AACS B F+ % E B & L 7= primer
(5’ AGCGCAAGGCGTGGAGCGGATCA-3) # A\ T PCR %#{T-7=, HEEI
PCR E# % pCR4-TOPO vector (Invitrogen) (ZHAAHLKIGE IZEAEZ, T 4

77— PCREBIONY VU AZFHALTCHERELT,

(2) sEEMRa

< AAEFMITH D 3T3-L1 cells 1Z Health Science Research Resources
Bank &£ 9 BA L7-. #Il@iX Dulbecco’s modified Eagle’s medium: Nutrient Mixture
F-12 (DMEM/F-12, Invitrogen) (Z 10% newborn calf serum (Invitrogen) % hl% 7=
BT, 37°C. 5%C02 DB T TEE Lz, 27Ty MREBE THEE L
L% 2 BREEREL. IEHMAS LS EHA [10% fetal bovine serum (FBS,
Invitrogen), 0.5 mM 3-isobutyl-methylxanthine (Sigma). 0.25 uM dexamethasone
(Nacalai tesque). ¥ X85 pg/mL insulin (Sigma)] 23z # L fgih#iR ~o 451k
EHE LT, Uk, 2 B Z &2 10%FBS 8L 15 pg/mlL insulin %2 & ¢ DMEM/F-12

BrdhizZc e U EBRICH L7,
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(3) RNA #hi
Total RNA [ Illustra RNA spin mini RNA Isolation Kit (GE Healthcare) F7-1%

ISOGEN (Nippon Gene) # M\ T, 3T3-L1 fifak L O~ 2R Khgsas oMt Lz,

(4) Northern blot analysis

Total RNA 10 pg 27T Ha— X5 (1%) P TESKE Lz, kEIE, SBEL
7z RNA % 20 Xstandard saline citrate (SSC) # i\ 72X ¥ 5 ) —3EIT LY
Hybond-N+ (GE Healthcare) (ZfE#EzE L, UV EEH 80°C T 2 BRI L 7Z,

Y#f# L 7- &% Hybridization buffer (5 X SSPE. 20 mM Dextran sulfate) T 42°C.
4 RIRE L. £ D%, Ready to Go DNA Labeling Beads (GE Healthcare) %\
Cla-32P] dCTP 3% L 7= AACS 0 cDNA probe %M1 %. 42°CT 18 BfIA 1 % =~
— hL7z, BE%E 2XSSC/0.1% SDS T 3 EIgEHE L, EiZ 65CITIR L7z 0.25X
SSC/0.1% SDS T 30 45/ 2 E¥Ei#E LD, Imaging plate (238 & L7z, 18 BRiiEE

3 L7=#%. Typhoon (GE Healthcare) % FVNTHEHT L 7=,

(5) Complementary DNA (¢cDNA) &K

i U7 total RNA 4 pg IZBEK 8uL Z/Mx. 65C. 3 HflA v Fa—F L7
%, TRIRLERERIEICMZ 72, 0.5 ng/ul Randam Primer (Takara). 300 U/uL
RNase inhibitor (Wako) 3 X % 200 UL M-MLV Reverse Transcriptase
(Invitrogen) #MM% 37°C. 1 BFEIRE L ¢cDNA #&8 K L7=, 65°CT 3 HiIIME LK

IRk L7k, IR FEBRICH L 7Z,

Reverse transcription-polymerase chain reaction (RT-PCR)
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3T3-L1 MR LV ARk L7- cDNA Z8%8! - L. Ex Taq polymerase (Takara) % &
LT AACS. C/EBPoa. C/EBPBE X UB-actin DBEFHEEAMEIE L 7=, FH L~
primer I FIZRT,

AACS

Sense primer 5-TCCGCAACCATGTCCAAGCT-3

Antisense primer 5-ATCACATGCACAGCTGGATG-3

C/EBPa

Sense primer 5-AAAGCCAAGAAGTCGGTGGAC-3’

Antisense primer 5-CTTTATCTCGGCTCTTGCGC-3’

C/EBPS

Sense primer 5-GCAAGAGCCGCGACAAG-3

Antisense primer 5-GGCTCGGGCAGCTGCTT-3’

B-actin

Sense primer 5-CAGAGCAAGAGAGGCATCCT-3

Antisense primer 5-TCGGTCAGGATCTTCATGAG-3

6) LAR—Z—FF A I PO

RPCI-22 < % BAC Library (Invitrogen) %7 7L — k& LT AACS ¥ %
—Z —fEE D L% 908 bp 25 T 104 bp % PCR 2L Y #8iE L. pGL3 basic
luciferase reporter vector (Promega) ® Sma I /Hind N &|fREER ST ICHEA L7,
AACS 7uE— 4 —@IIUL T 754 <=—Z HWTPCRICE D ERIL 7=,
5’ primers

-3/4+104-Luc: 5-TTCAGTCTCGCGCTGTGGTT-3
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-110/+104-Luc: 5-GTTACAGAAGAGGGCGTGGT-3

-226/+104-Luc: 5-AACACCCGGTAAGTTGTGCA-3

-335/+104-Luc: 5-TTAGGCTTAAGACATCTCCG-3

-908/+104-Luc: 5-ACTGTGAGCAACATGGAGTC-3’
3’ primer

5-GGTTGCGGAGCTGCGTGGCC-3

F 72 B TFEREIL Pfu turbo polymerase (Stratagene) % F\ 7/~ Inverse PCR

ETIERL7- 89, GC box L C/EBPs #& & EH D BAVER! primer 1L FIZR
9, 728, antisense primer /¥ sense primer OFEMHEHES|E H -,

GC box: 5-GTGGTCTCAAGCTATCTGGCTTTCTGG-3’

C/EBPs #&E25: 5’ -CCCGGTAAGTTTACGCATAAGTGAGG-3’

(7) Promoter I D HIE

AACS Bz 7 LiKEES| %2 A A A T2 pGL3 basic luciferase reporter vector
(deletion vector) 0.4 ug & pCMV-B-gal 0.1 ug % . PLUS Reagent (Invitrogen) 3 X
U Lipofectamine (Invitrogen) %/ L C 3T3-L1 a4k 2 HBIZEA LT, 48
REEI 2 AR 2 | L, Luciferase Assay System (Promega) % f\>T promoter i&
WERE L, BB NI AT7 273 a UHIEROFEIZIE, AURORA GAL-XE (ICN)

i U CHIE L7-p-Calactosidase iM% FH 7=,

(8) & v Ry BDRH
35mm dish [Z#EfE L 7= 3T3-L1 Mg % %%t . 400 pL buffer A [10 mM Hepes-KOH

(pH7.8), 15 mM MgCl2, 10 mM Dithiothreitol (DTT), 0.4 uM
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Phenylmethylsulfonyl fluoride (PMSF), 0.1% Nonidet P-40] TREIIY -« 3%&.0 (5000
rpm, 1 3/ L7, &5 7= e84 100 pL buffer C [20 mM Hepes-KOH (pH 7.8),
420 mM KCl, 0.2 mM EDTA, 1.5 mM MgCl2, 0.5 mM DTT, 0.4 uM PMSF, 25%
Glyceroll Z/Mx THAEE L. 30 oK ETHE L=, &.L08 (15000 rpm, 15 2
M) %, Bon bEEEmEmE LCER L, o ¥ 2o ERE T,

Quick Start Bradford Dye Reagent (Bio-Rad) Z# B\ CTHIE L7-,

(9) EMSA

BN F# S B5 O ZA$ DNA % denaturation Buffer (TOYOBO), 10x Blunt
End Kinase Buffer (TOYOBO), [y32P]ATP (Perkin Elmer) # X O} Polynucleotide
kinase (TOYOBO) % A\ CHtgHiE# L. Probe Quant G-50 Micro columns (GE
healthcare) % F\\7=¥E8%, EMSA CHERT A7 —7 ¢ Lz, 5ug OS2
5 X binding buffer [75 mM Hepes-NaOH (pH7.5). 375 mM NaCl, 7.5 mM EDTA,
37.6% Glycerol, 57.5 mM DTTIi5 & O Poly (dI - dC) (Sigma-Aldrich) &{B& L.
ZR T30 pMFFE L, Bio, BEMER LAY IX7 UAF FERIGSE, 205
FZRTHE L, BREWE 4% HEERYV T 7 VLT I RALVHCERKEI L, =
NaeA A= 7T L— MZ 18 FFEIEX L7=%. Tyhoon 9410 (GE Healthcare) %
VTR L7z,
GC box ¥ L U C/EBPs & & EINILL FIZRT,
GC box: 5-GGTCTCAAGAGGCGTGGCTTTCTGG-3’

C/EBPs #&B25: 5-CCGGTAAGTTGTGCAATAAGTGAGG-3

(10) ChIP assay
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ChIP assay it Agata O DHIELRITKEZMZ EIT LT 80, 3T3-L1 Miaz 1%
formaldehyde &+ T 10 S EHEE LEE L7, & LoBE% % 1% SDS, 10 mM
EDTA i3 & Uf protease inhibitor cocktail (Sigma) #& A L7z 50 mM Tris-HC1 (pH
8.0) BRICEHBB L., Y=r—va ik r/u<F 2l Lictk, UL L
a2 IR Y BRV e, BiFIE 167 mM NaCl, 1.1% Triton X-100, 0.11% sodium
deoxycholate # X UF protease inhibitor cocktail (Sigma) * &%& L 7= 50 mM
Tris-HC1 (pH8.0) BiEZ AW TH R L7, BIKIZ Protein G-sepharose beads (GE
Healthcare) %/ 2 15min 4°C TEE L7=%. 2 ng PEEHE [anti-normal rabbit
IgG, anti-C/EBPok L O anti-C/EBPB # 11 2 — B i & ¥72, DNA-protein &k
% 300 mM NaCl. 5 mM EDTA 3 X 10 0.5% SDS % & A 72 10 mM Tris-HC] (pHS.0)
WiRE BT L, DNA-protein @7 1 A Y > 7 % 65°C4 BB+ 5 = & THE
BRL7c. Bo N8R E AW T PCR RIG & TV, BERFOEREELZRF L7, PCR
O BV 7= primer OBEFIZLATIZRT,

Sense primer: 5-GAATGAACGAACGAACGAGG-3

Antisense primer: 5-ACCACGCCCTCTTCTGTAAC-3

(1) & >3 Ehi

3T3-L1 Mz % RIPA buffer [50 mM Tris-HC1 (pHS.0), 150 mM NaCl, 1 mM
EDTA (pHS8.0), 1% Triton X-100, 1% SDS & X1} 0.1% sodium deoxycholate] (Z &
AR L &L EER (14,000 X g, 15 57 @ EiF % western blotting (2 L7z,

& R 7 B EEL., Quick Start Bradford Dye Reagent (Bio-Rad) %\ CHIE L 7=,

(12) Western blotting
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15 ng O ¥ > X7 BB % 7.5% SDS polyacrylamide gel electrophoresis
(SDS-PAGE) Z & v 4B L . polyvinylidene difluoride (PVDF) Riz7 a7 17
HEEEE Biocraft) ZAVWTEHBELEZ, 7oy x2—2 DS 77 —% NAF AT
4 HV) WIRP TR, —FFEA v Fa2X— L%, —&kHEEZFR L7 Can get
signal 1 (TOYOBO) #i#&iZi& L, 4°CT—H#E L 7=, Tween 23 H L7z Tris buffer
saline (T-TBS) % A\ T¥E##%. horseradish peroxidase (HRP) Z#A L7~ Kt
k% Can get signal 2 (TOYOBO) (Z#&R L 7=AE+P CRE, 1 RERIGS S, K
% T-TBS T#ei# % . Immobilon Western Chemiluminescent HRP Substrate

(Millipore) {2 &V BRIZ > X7 BEBRH LT,

(13) A& SFAMEE

3T3-L1 fifgs X —27 5 X L TH#E L7z, 4% paraformaldehyde # & A L 7=
phosphate-buffered saline (PBS) HCHila% 15 #MEE L72%. 0.1% (v/v) Triton
X-100 H1°C 5 srfEfE LiZ@BABE 21T 572, 3% (w/v) bovine serum albumin (BSA)
T 30 mEITrYyX L, £FDO% AACS k% M%7 Can get signal
immunostain solution A (TOYOBO) ¥+ T 4 . —W» I URHERIS 21T o 1z,
Ml % 0.1% BSA 2 &4 L7 PBS THi# L7, Alexa-fluor 488 ZRFAZ AN L
7= Can get signal immunostain solution B (TOYOBO) &ikiZi& L =i, 1 ¥RERG
L, MilanggEEdE L= N\—7 5 X% PBS (0.1% BSA) TH#¥ L7=%. Mowiol
mounting solution * AWVTH A LT,

DNA #8183 5792, propidium iodide (Calbiochem) % ¥:aA&l L LCTHEML
7o BTN U72 FMEIZHEV 2 REUE RIS & TIT o 72%., #A8% 1 mg/mL RNase 25

PBS 1212 UL.RNA % 53 X ¥ 7, % D% propidium iodide ¥E#ZH T 15 HHEIFFER.
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PBS (0.1% BSA) &#k T L. Mowiol mounting solution %\ CHIREZE A L
2o T ¥ # )VE 813 Confocal laser scanning microscope (Bio-Rad) %/ L THUS
L7z,

FEWhE & AR L+ 2 BT, MM % Nile red Wako) AW TG LT, 2 KHUE
Kitt% . #la% 5 pg/mL Nile red J&#RH CH&E L7z, #ifa4% PBS (0.1% PBS) Tk

% L7-t%. Mowiol mounting solution W THE A L7,

(149) 71 L AFHE

Lenti-X 293T #fa (Takara) % 100 mm poly-L-lysine plate IWAKI) [Z#f& L,
pGreenPuro shRNA vector (System Biosciences) 3 X ¢ packaging mix
(Invitrogen) %, VART7 27 v a LERIC I VEA LT, BEAK 14 FFREIEE L, 5
% 10% FBS/D-MEM (Z22# U 7-#% 48 BFRIEER U TR 2 B L 72,

AACS OREBRE ) v 7 X7 FTH2HIC, 4 DOEM % short hairpin RNA
(shRNA) #&&Et L7z, £/, 22 b 7 —Zid luciferase (pGL3) ¥ LU LacZ (2%t
3% shRNA #5% & LEMA L7, UTICEDOERS|Z R,
shAACS #1: GTTCAGTGGAATCGTCTAC
shAACS #2: CCGTGTGGTCGGCTATCTA
shAACS #3: ACAGTGTGTTCCTGGATGA
shAACS #4: GGCAGAGAGGAGATCGTGA
shcontrol #1 (shLuciferase): CTTACGCTGAGTACTTCGA
shcontrol #2 (shLacZ): ATCGCTGATTTGTGTAGTC
a7 Nx s MREBIZR o7 3T3-L1 MlIC T A VA ZE L, 2 B&ICHEaEEEE

WICRE LTz, 2 A2 &I Z AT L, BIZR LRI total RNA Z2HhH L 72,
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(15) Oil red O #:fa

St E% 8 H @ L7z 3T3-L1 #ifd % 10% formalin ¥A#KH T=HIE, 10 53R E
E L7, k% 60% isopropanol THei§ L7=#. oil red O (1.8 mg/mL) Z4LE L,
20 Syt U7z, HIRR A BRPREE T CHRBE. 100% isopropanol % %L L oilred O &
Faf L7, sl L-BROREE L, oX&EER 2 AV 520 nm OF R TRIE L

7':,
—o

(16) Real-time PCR

Total RNA 1 pg 7> 5 PrimeScript RT reagent kit with gDNA Eraser (Takara) %
T cDNA Z &/ LT, {EHEEF D primer 35 LU SYBR Green PCR Master
Mix (SYBR Premix Ex Taq, Takara) % fl X . Applied Biosystems StepOne
(Applied Biosystems) %M L T PCR K& %1T> 72, Standard curve iE% F\\ T
HEEM O EEEITV, 18S ribosomal RNA (18S rRNA) #NiEE#ERRTF & L THEH
L7z, Primer /X GeneBank % #:!Z Primer Express software (Applied Biosystems)
ZER L TEE L7z, Primer OEFI%E LA TIZRT,
18S rRNA
Sense primer 5°-TTCGTATTGCGCCGCTAGA-3’
Antisense primer 5-CTTTCGCTCTGGTCCGTICTT-3’
AACS
Sense primer 5°-CTGGTCTGTCCGGTCGTATATG-3’
Antisense primer 5’-GTGAGTAGACGATTCCACTGAACTTC-3’

PPARYy
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Sense primer 5’-GCCCACCAACTTCGGAATC-3’
Antisense primer 5’-TGCGAGTGGTCTTCCATCAC-3’
C/EBPa

Sense primer 5’-AAAGCCAAGAAGTCGGTGGAC-3’

Antisense primer 5’-CTTTATCTCGGCTCTTGCGC -3’

BT D ER

(D) <72

ddY RO~V X 6 #ls CRRERGY) (ZBEFEG ) = 2 LEER), F2id
0.4%pravastatin (Sankyo Co., Ltd.) 33 X' 4% cholestyramine (Bristol-Myers
Squibb KK) #&H L7=R% 3 Bl G 272, T+ X TOEMERITIEEKRKRZEY
KBREAZOEKBEZT, BRECHVET LI

(2) IR

< U ZADO[H#IZ 6 BicDO~ T A XY HEE L @ERICHRE SN FTEICWEEL M
ML 8, FFlEIZ 05 mM ethylene glycol tetra-acetic acid ¥ X % 10
mM4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid % & & L 7= Hanks
balanced salt solutions (HBSS) %##i L. &i{Z 5 mM CaCle & F 0.05% collagen I
(Worthington bio. Co.) ¥R % it UTHIRE % RIBE L 7=, FI&E L 7-MAa% 150 mesh
IZ & DiEid L HBSS T 3 Elgk# L7z, Mig% 10% FBS. 1 uM insulin 3 LT 1 yM
dexametasone % & F L 7= Williams’ medium E (Invitrogen) #5#id < 37°C.5% CO2
DEMT T 3 WFHREE Lz, £ O®%EEH% 10% FBS %/ 72 Williams’ medium E

WZASHA L EBRICHE U7z, MM U18666A % ALFE L 18 FFfE#1Z total RNA Z[E[UX L
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T real-time PCR EIZER L7, £7-. I L AT — B EROEDIC, Hias
lipoprotein deficient FBS (LPDS) T 48 Bfff]4L# L. total RNA ZHhiH U real-time

PCR iEICHA LTz,

(3) RNA #it
Total RNA (% Illustra RNA spin RNA Isolation Kit (GE Healthcare) ¥ 7=1%

ISOGEN (Nippon Gene) % F\C, #IREFEFMRL X ORI H#H L7,

(4) Real-time PCR

fhH L7- total RNA @5 % 1 pug %, PrimeScript RT reagent kit with gDNA
Eraser (Takara) %M LT cDNA 24/ L7z, ZEHBET O primer 3 & O SYBR
Green PCR Master Mix (SYBR Premix Ex Taq, Takara ¥ 721X SYBR select, Life
technologies) % /%, Applied Biosystems StepOne (Applied Biosystems) % {# F
LT PCR KI&%1T-7, Standard curve k% AW CHEIEEHO EEEZITV, 188
rRNA ¥ 7213 glyceraldehyde-3-phosphate dehydrogenase (GAPDH) % WNiZE#E:
+& LT L7, Primer % GeneBank % %:iZ Primer Express software (Applied
Biosystems) Zf#f L CTekEt L7z, #H L7 primer OEF% LI TFIZRT,
18S rRNA
Sense primer 5’-TTCGTATTGCGCCGCTAGA-3’
Antisense primer 5’-CTTTCGCTCTGGTCCGTCTT-3"
GAPDH
Sense primer 5’-CATGGCCTTCCGTGTTCCTA-3’

Antisense primer 5°-GCGGCACGTCAGATCCA-3’
70



AACS

Sense primer 5°’-CTGGTCTGTCCGGTCGTATATG-3’
Antisense primer 5-GTGAGTAGACGATTCCACTGAACTTC-3’
ACL

Sense primer 5’-TGGAGGCAGCATTGCAAAC-3’
Antisense primer 5’-TCTCACAATGCCCTTGAAGGT-3’
HMGCR

Sense primer 5’-GTGCTGAGCAGCGACATCAT-3’
Antisense primer 5’-TGTACAGGATGGCGATGCA-3’
C/EBPa.

Sense primer 5’-AAAGCCAAGAAGTCGGTGGAC-3’
Antisense primer 5’-CTTTATCTCGGCTCTTGCGC-3’
C/EBPB

Sense primer 5°’-GCAAGAGCCGCGACAAG-3’
Antisense primer 5’-GGCAGCTGCTTGAACAAGT -3’
Spl

Sense primer 5’-CCCCAGGTGATCATGGAACT-3’
Antisense primer 5’-CCTTCTCCACCTGCTGTCTCA-3’
SREBP-2

Sense primer 5’-TGTGAACCTGGCCGAGTGT-3’
Antisense primer 5’-CGCTGTCAGGTGGATCTCAA-3’
SREBP- 1a

Sense prmer 5°- TAGTCCGAAGCCGGGTGGGCGCCGGCGCCAT-3’
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Antisense primer 5’-CCTGTCTCACCCCCAGCATA-3’

SREBP-1¢

Sense primer 5’-ATCGGCGCGGAAGCTGTCGGGGTAGCGTC-3’
Antisense primer 5’-CCTGTCTCACCCCCAGCATA-3’

LDLR

Sense primer 5’-GCCGACCTGATGAATTCCA-3’

Antisense primer 5’-GCAGTCATGTTCACGGTCACA-3’

(5) Western blotting

B-RICHT 2 EROMEBH,

FEDOFRRIILUTOBY TH D,

Rabbit anti-Spl (1:2500; Millipore), rabbit anti-C/EBPB (1:1000; SantaCruz), rabbit
anti-C/EBPa (1:1000;, SantaCruz), rabbit ant-SREBP-2 (1:500; SantaCruz)., rabbit
anti-SREBP-1 (1:500; SantaCruz), rabbit anti-GAPDH (1:2500; SIGMA), rabbit anti- AACS
%) (12500). horseradish peroxidase (HRP)-conjugated goat anti-rabbit 1gG (1:2500, GE

Healthcare) 3 X TF goat antrmouse IgG (1:22500; GE Healthcare),

(6) ChIP assay

ChIP assay (X Agata 5D FHEERICKEEZMZET L7 8, 3T3-L1 #ilg%E 1%
formaldehyde #&#EH C 10 77ERE LEE L 72, & Lo BE% M % 1% SDS, 10 mM
EDTA 5 X U} protease inhibitor cocktail (Sigma) &% L7z 50 mM Tris-HC1 (pH
80) BKICHBEL L, Yob—Yal itk rsua~vFrailrL-%, BUOuELL

FfaEEZ B Y BV 2, BT 167 mM NaCl, 1.1% Triton X-100. 0.11% sodium
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deoxycholate ¥ &£ U} protease inhibitor cocktail (Sigma) # & & L 7= 50 mM
Tris-HC1 (pHS8.0) &K% AW THIR L7z, BHKIZ Protein G beads (VERITAS) %/
% 15min 4 C CEHELZH%. 2 ng O MEH A [anti-normal rabbit IgG,
anti-SREBP-2 (Abcam) % il x —Me/)& X272, DNA-protein #4464 300 mM
NaCl, 5 mM EDTA 3 X1 0.5% SDS #& A 72 10 mM Tris-HC1 (pHS8.0) &% % H
WTHH L., DNA-protein @7 11 XY 7 % 65°C4 BRI 2 2 & TMER L7,
BN 7K % NucleoSpin Extract I (Macherey-Nagel) BV CHHRIL, PCR
FOSIZAER L7z, %5 L7 primer OEFNILLTFIZRT,

Sense primer: 5-GTGGAACATGCTTATCGCGC -3

Antisense primer: 5-CAGCAGCCTTCGCCACGCCT -3

(7) RNA T

SREBP-2 D3I #4572 SREBP-2 (%4 5 g% & # 4 siRNA (siSREBP-2,
Dharmacon) M L7=, F{REEETMEIZ 40 nM @ siSREBP-2 % Lipofect AMINE
RNAiMAX Reagent (Invitrogen) Z IV TEA L, 24 FrE]{2(C total RNA % fliiti % 5

A : Py

(8) Hydrodynamics 1%

< U AD AACS BIZFIZFFRAIZR shRNA Z5%E L7z, ~ U A EEIZIBVT AACS O
B 2 MH 3 5 7212, hydrodynamics & ZBEICHRE SN FEIHE> TETLE
68 v R DREFENRD DMK & LB D PBS (AR L7 50 ug @ plasmid & 5 #LLAN
ST U7, 18 BEflR, MKE K OB A IR LU T O ERICER LT,

shRNA B4
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5’-CTGGTCTGTCCGGTCGTAT-3’

5’-GAAGGCTTACTTCTCCAAA-3’

9) MFEFD = L AT a— LiEERIE
BRE L 72 i 5 OB B 1T Wako cholesterol E-test (Wako) % FV T, cholesterol oxidase

BIZEVBRIELE, BIEFEIGBO 2 ha—It#$ 5,

F=EICET 5 ER
(1) &Mk

~ U A EFHBIME T H 5 Newo-2a #fEi% Health Science Research Resources Bank
L VA L7, 10% FBS (Invitrogen) % & A L 7~ Eagle’s minimal essential medium
(E-MEM, Invitrogen) iz EH L. 37°C, 5% CO2 DOLMAT TREE L=, 5.0%X10°
cells/mL DEEETHEME L, 24 FEEEE#E % 10 uM retinoic acid (RA, Sigma) 2 3o Il iE

E-MEM BEHitp CEEE L, #RERHE LR LT,

(2) RNA fig#H7

RNease mini kit (Qiagen) ¥ 7213 Illustra RNAspin Mini Isolation K it (GE Healthcare) %
£/ L T Newro-2a il L ¥ total RNA Zfilith L 72, BE & RERIC, fiH L7 total RNA
226 ¢cDNA %A L. SYBR Green PCR Master Mix (SYBR Premix, Takara) D712 k =
—/LZHE L reaktime PCR %#1T>7-, #%&IX Applied Biosystems StepOne (Applied
Biosystems) Z{#f L. B-glucuronidase (Gusb) or GAPDH % WIEE#E#ELETFE LT,
standard curve ¥EIZ K 0 BERE A YT L7, FH L7 primer % LLFIZRT,

AACS
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S-CTGGTCTGTCCGGTCGTATATG-3'

5'-GTGAGTAGACGATTCCACTGAACTTC-3'

HMGCR

5'-GTGCTGAGCAGCGACATCAT-3'

5'-TGTACAGGATGGCGATGCA-3'

HMGCS1

5'-GACATTGCTATATATGCCACAGGAA-3'

5'-CAGGGCCACAGCTCCAACT-3'

ACL

5'-TGGAGGCAGCATTGCAAAC-3'

5'-TCTCACAATGCCCTTGAAGGT-3'

ACC1

5"TGAAGCAGATCCGCAGCTT-3'

5"GGTGAGATGTGCTGGGTCATG-3'

ACC2

5"ATACTTTCAGAAACGACCATATTCGA-3'

5-CGCCATACAGACAACCTTGTTC-3'

FAS

5" AAGTGTCTGGACTGTGTCATTTTTACA-3'

5" TTAATTGTGGGATCAGGAGAGCAT-3'

SCOT

5"GGAAAAGGCAAATCCGGTAAG-3'

5-GCGGCTCGCTTGATGATC-3'
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(3) Western blotting

F1EZIBATHIEROTEZSR,

(4) LB RFMEE

Neuro-2a #ifa % 7 X — 7 5 X L CH#E LT~ 4% paraformaldehyde Z& 4 L7~ PBS
HCcHifa g 15 2EIEE L%, 0.1% (v/v) Triton X-100 H1 T 5 5 KE Li%i& A
2iTo72, 3% (wh) BSAF T30 M7 uvd 7L, 0% AACS k&4 72
Can get signal immunostain solution A (TOYOBO) &i&ET T 4 . —BeFHIEH
ERISZIT > T2, Hild% 0.1% BSA #5248 L7z PBS Tk L7-%. Alexa-fluor 488
T RFUEE AR L7 Can get signal immunostain solution B (TOYOBO) &Iz iE
UEIE. 1 B XG L7z, i % 1 mg/mL RNase % &3¢ PBS (23& L . RIiZ propidium
iodide BT T 15 »[EFFE L7=%. PBS (0.1% BSA) B THEHE L. Mowiol
mounting solution # W THIREEZHALKZ, 7 ¥ ¥ VE#IL Confocal laser

scanning microscope (Bio-Rad) #{#fH L THE L7,

(5) ChIP assay

B IEIIET OEROE B,

(6) RNA F i

SREBP-2 MO ¥ % M]3 % 72512 SREBP-2 \Zxtd 5 % & # siRNA (siSREBP-2,
Dharmacon) % L 7z, Neuro-2a #lifi@{Z 40 nM @ siSREBP-2 % LipofectAMINE RNA
MAX Reagent (Invitrogen) % BV TEA L, 24 B EE#&% 10 uM RA (Sigma) & To &

15 E-MEM BsHip CRz U, H1Z 24 FREIEE3E L 7274 total RNA A [EIN L 7=,
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(T IR RN

< U ADORMEENREEMRIT. BEH 14 B BORROME AV GREICHRSE
EN-FABELRE LESRLZ Y, HEE L~ KMEE % 15 units papain
(Worthington) 38X 0.01% DNasel (Roche) HC 20 HREEE L7-, ML 2%
MACS Supplement B-27 (Miltenyi Biotec), 2 mM L-glutamine (Invitrogen) ¥ X
X penicillin/streptomycin % & ¢¢ Neurobasal medium (Miltenyi Biotec) £5#1iZ &R
L. poly-L-lysine =— h5 4 v = (IWAKI) (ZHEREL 7z, 3 H#%IZ 4 uM Cytosine

B-D-arabinofiranoside % il 2 FEFFFE MR D HEFE A FHE L 7=,

® UA /L AFER

B-EIZETA2EROEE SR,

MR A BRELZZBRICVANVARRGXE, 2 BRICEETHBL-, L. 5
P

HZLITH LRI # LRGN D 16 BERICEBRICH LTz,
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