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ABSTRACT

NFY represses the promoter activities of acyl CoAdiacylglycerol
acyltransferase 2 gene by binding to CCAAT box in dpG2 cells

Young-Shin Park

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professofong-Ho Ahn)

Acyl CoA: diacylglycerol acyltransferase (DGAT, E.€.3.1.20) is an
enzyme that catalyzes the final step of triacylghpt (TG) synthesis and
expressed in various tissues including liver andtevadipose tissue. The
enzyme is known to exist in two forms; DGAT1 and AI2. Mice lacking
DGAT2 have a severe deficiency of TG synthesis watttompanying
physical symptoms. However, little is known aboute t regulatory
mechanisms controlling DGAT2 gene transcription. Tmderstand
transcriptional regulation of DGAT2 gene, we haetedmined transcription
initiation sites by 5-RACE. Serial deletion, tramst transfection and

luciferase assay of the 5’-flanking region of therfan DGAT2 gene showed



that there is an inhibitory region at -570/-495 ioeg upstream of the
translation start site. Gel shift and supershiiags demonstrated that the
transcription factor nuclear factor Y (NFY) binds €CAAT box (-499/-
495) of human DGATZ2 promoter. A chromatin immunagpéation assay
using HepG2 cells showed the binding of NFY to COABox. Furthermore,
over-expression of NFY repressed promoter actigitypGAT2 gene in a
dose-dependent manner, suggesting that NFY is vedolin negative

transcriptional regulation of the human DGAT2 gene.

Key words : DGAT2, NFY, triglyceride, metabolismramscriptional
regulation
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[. INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is beingcognized by one of the
component of obesity or type 2 diabetes mellitu8OW) which become world
epidemics. NAFLD is the most common cause of lidgsfunction, ranging from
simple fatty liver (hepatic steatosis), with benignognosis, to a potentially
advanced form, nonalcoholic steatohepatitis (NASE]) Therefore, progression

from NAFLD to NASH increases the risk for dysfumctiliver. Hepatic steatosis is



characterized by the accumulation of triglyceridenepatocytes, which is strongly
associated with insulin resistanc@riglycerides (triacylglycerols) are neutral tgi
found in most eukaryotic cells, consisting of acgiyol backbone and three long-
chain fatty acids They serve as a storage molecule of fatty adids) for energy
utilization and membrane lipid biosynthesis in thdipose tissue and skeletal
muscle. In addition, they are integral componenfs lipoprotein particles
synthesized by the liver and small intestin€hus, understandirthe molecular
mechanisms of genes involved in triglyceride sysithes crucial for elucidating the
processes that may contribute to development asigh& 2DMand other disorders
of lipid metabolism.

Diacylglycerol, the obligate precursor to TG, isrided eitherfrom the
glycerol-3-phosphate pathway or the monoacylglyiceathway and esterified to
TG by acyl CoA:diacylglycerol acyltransferg§¥GAT)>°. At present, two isoforms
of DGAT; DGAT1 and DGAT2 are identified in mammaligissue$’. DGAT1 is
highly expressed in human small intestinelon, testis, and skeletal muscle,
whereas DGAT? is mainly expressed in adipose am In humah Mice lacking
DGAT2 die shorthafter birth due to severe lipopenia with 90% ofuettbn in TG
level and impaired skin barrier functitl These results indicate that DGAT2

plays a more crucial role than DGAT1 in whole boagtabolism.



During the differentiation of NIH3T3-L1 preadipdeg into adipocytes,
DGAT1 and DGAT2 mRNA are shown to be increased, gesting the
participation of C/EBR and C/EBB™. Although DGATs are enzymes of lipid
metabolism, sterol regulatory element binding elen{8REBP) was not shown to
affect their gene transcriptiois®. In liver, X-box binding protein 1 (XBP1) is
shown to induce DGAT2 gene expressforin the primary cultured hepatocytes,
DGAT1 and DGAT2 mRNA levels were decreased by MHBRKE signaling
pathway®. However, detailed regulatory mechanisms goverttiegranscription of
DGAT2 gene is not well understood. Computer searche the 5'-flanking
sequence of DGAT2 gene showed that there are cougfleCCAAT consensus
sequences that may be responsible for the tratiscib regulation of the gene.
Over the past 10 years, numerous transcriptiomadfa binding to the CCAAT box
have been characteriZ€dTo understand a transcriptional regulation of B@T
gene in liver, we have attempted to identify a ¢ranting factor which binds to
CCAAT box. In this study, we demonstrated that Nfilvds to the CCAAT box of

DGAT2 gene promoter and plays as a repressor of IXGf&ne transcriptions.



II. MATERIALS AND METHODS

1. Bioinformatics of the DGAT2 DNA sequence

The genomic organization of the human DGAT2 and $h#lanking region
sequence of DGAT2 was obtained from the ENSEMBL &mirgene browser by
BLAST researching (http://www.ensembl.org/index.hir€onsensus sequences of
potential binding sites for transcription factorere predicted by using Genomenet
(http://www.genome.ad.jp/), TESS (Transcriptionriaét Search System, available
at http://www.cbil.upenn.edu/tess), Genomatrix (@eatix Software GmbH,
Munich, Germany, available at http://www.genomalg{cgi-
bin/matinspector/matinspector.pl)Jand TFSEARCH web sites (available at

http://jaspar.cgb. ki.se/cgi-bin/jaspar_db.pl).

2. 5-Rapid amplification of cDNA end (5’-RACE)

Total RNA was isolated from HepG2 cells (Americaypd Culture Collection
number HB-8065), using TRIzol reagent (Invitrogeheek, Netherlands).
Transcription initiation sites were determined byRBCE-PCR using the

5/3’RACE kit, 29 Generation (Roche, Mannheim,Germany). Briefly, fhist



strand of cDNA was synthesized fromug total RNA using gene specific reverse
primer hDGAT2 RACEL (Table 1) and purified using BEquick-spif™ (Intron
Biotechnology, Daejeon, Korea). Remaining RNA testplwas degraded by the
RNase H. The first-strand cDNAs were tailed withypd] and amplified by PCR
using the oligo dT-anchor primer and nested hDGARECE?2 primer (Table 1).
The cDNAs were second-amplified by PCR using théRPahichor primer and
nested hDGAT2 RACE3 primer (Table 1). PCRs werdopered usingPfu-X
DNA polymerase (Solgent, Daejeon, South Korea).afplify DNA regions of
high GC content, Band doctor, containing Rfu-X DNA polymerase (Solgent)
were used. PCR products were subjected to 1.2%sgael and DNA fragments
were purified with MEGAquick-spifY' (Intron), subcloned into pTOP Blunt V2
using a TOPcloner blunt V2 kit (Enzynomics, DaejeSouth Korea). Nucleotide
sequences were determined using an ABI3730XL DNAalyaer (Applied

Biosystems, CA, USA).

3. Plasmids construction.

The proximal promoter of human DGAT2 (-1340/-1) wasplified by PCR

using HepG2 cell genomic DNA. The PCR products veettecloned into th#lu |

andHind Il site of the pGL3-basic luciferase reportertoeqPromega, Wis, USA).



Serial deletion constructs of DGAT2 promoter lucfee reporter (pPHDGAT2L-
1340) were prepared by using the Deletion Kit falokSequencing (Takara Bio
Inc., Otsu, Japan). The human NFYA, NFYB and NYREINé&s were prepared by
PCR amplification using HepG2 cell cDNA. The humhifYA cDNA was

subcloned into the pcDNA3-myc-His (Promega). ThenAn NFYB and NFYC
cDNAs were subcloned into the pcDNA3-myc2. Primassd for PCR are shown

in Table 1.

4. Cell culture and transient transfection assay.

The HepG2 cells were maintained in Dulbecco's medifEagle’s medium
(DMEM) which was supplemented with 10% fetal bovieerum (FBS) and
antibiotics including 100 U of penicillin/ml, 100gvof streptomycin at 3z and
5% CQ. Transient transfections were performed using AMBEHD (Roche,
Mannheim, Germany). The day before the transfectitmpG2 cells were plated at
a density of X 1Tcells per well in a 12-well plate in 1 ml of the dilem with 10%
FBS. Five hundred nanograms of reporter plasmid PGB0 ng of pCMVB-
galactosidase control vector, indicated amountwéral expression plasmid DNAs
and 3ul of FUGENE® HD reagent were added to 100 ul medium without BB&

antibiotics, and incubated at room temperaturel®min and then added to cells



that had reached 70-80 % confluence. After incobafor 5 hr, the medium was
added with 800ul of fresh medium containing 20 % FBS, and thescelkere
incubated for 24 hr. The cells were then washeddwiith phosphate buffered
saline (PBS), and lysed with 1Q0 of reporter lysis buffer (Promega). Twently
from 100ul of the cell lysate were assayed for luciferagéviig using a luciferase
assay kit (Promega) and a luminometer MicroLumaPLB96V (Berthod,
Bundoora, Australia). The pGL3-Basic vectors wesedias the negative controls.
Transfection efficiency was determined by measuifgalactosidase activity after
co-transfection of both reporter construct and pCRAgalactosidase control vector,
into the cells. Normalized luciferase activitiesreveshown as the meanS:D. of

three independent experiments in triplicate.



Table 1. Sequences of oligonucleotides used irsthidy

Name Position  Sequence (5>3) Experiment
hDGAT2-RACE1 Rev Exon GTTCCTGGTGGTCAGCAGGTTGT 5’-RACE
hDGAT2-RACE2 Rev Exon ACAGGACCCACTGGAGCACTGA 5’-RACE
hDGAT2-RACE3 Rev Exon GGAGTAGGCGGCTATGAGGGTC 5"-RACE
Oligo d[T]-anchor primer For GACCACGCGTATCGATGTC@ATTTTTTTTTTTTTTTV  5-RACE
PCR anchor primer For GACCACGCGTATCGATGTCGAC 5-BA
hDGAT2-1340 (s) Mlu | For Promoter CATACGCGTGGCACTCCCAAACCTCTCTCA Cloning
hDGAT2-1 (as) Hindlll Rev Promoter CATAAGCTTGGCTGAAGCCCGCCCAGTCA Cloning
hNFYA (s) Kpn | For Exon CGATGGTACCATGGAGCAGTATACBCAAACAG Cloning
hNFYA (as) Xba | Rev Exon CGATTCTAGAGGACACTCGGATGATCTGTGTCA Cloning
hNFYB (s) Kpn | For Exon CGATGGTACCATGACAATGGATGGIACAGTTC Cloning
hNFYB (as) Xba | Rev Exon CGATTCTAGATCATGAAAACTGAATTTGCTGAAC Cloning
hNFYC (s) Kpn | For Exon CGATGGTACCATGTCCACAGAAGGBRGATTTGG Cloning
hNFYC (as) Xba | Rev Exon CGATTCTAGATCAGTCGCCGGTCACCTGG Cloning
hDGAT2-514/-480 (s) For  Promoter GGCCGCCGGGCCGTACCAATCTCCGCGGGGGAGCG EMSA
hDGAT2-514/-480 (as) Rev Promoter CGCTCCCCCGCGGAGATTGGTACGGCCCGGCGGCC  EMSA
NFY (s) For AGACCGTACGTGATTGGTTAATCTCTT EMSA
NFY (as) Rev AAGAGATTAACCAATCACGTACGGTCT EMSA
CTF (s) For TTTTGGATTGAAGCCAATATGATAACT EMSA
CTF (as) Rev AGTTATCATATTGGCTTCAATCCAAAA EMSA
C/EBP (s) For TGCAGATTGCGCAATCTGCACT EMSA
C/EBP (as) Rev AGTGCAGATTGCGCAATCTGCA EMSA
GLUT4-LXRE (s) For CAGCCCCGGGTTACTTTGGGGCATTGCTCC EMSA
GLUT4-LXRE (as) Rev GGAGCAATGCCCCAAAGTAACCCGGGGCTG EMSA
hDGAT2-608/-587 (s) For  Promoter GCCAAAAGACAGCCCCTCCTAA ChiP
hDGAT2-415/-394 (as) Rev Promoter GAATGCGTGAGAGGAGAGCAGC ChiP
hDGAT2+5002/+5023 (s) For  Intron AGGGCCTCTGAGTGACEBABTG ChIP
hDGAT2+5195/+5216(as) Rev Intron AATCAGCCAGCAGCTCCATACC ChiP

Rev, Reverse; For,Forward; V=A,C or G

10



5. Nuclear extracts and in vitro translated proteinpreparation.

The HepG2 cells were washed with ice-cold PBS aslipended in ice-cold
buffer A[10 mM HEPES (pH 7.9), 10 mM KCI, 0.1 mMDEA, 1 mM DTT, 1mM
PMSF, 1 mM Na/O,, 1 mM NaF, and complete protease inhibitor Cotktai
(Roche)]. The cells were put on ice for 10 min amaibated for additional 15 min
in the buffer A containing 0.5% Nonidet P-4. Thellgtewas harvested by
centrifuging at 6,000 x for 1 min, resuspended in extract buffer [20 mMRHES
(pH 7.9), 400 mM KCI, 4.5 mM MgG| 0.2 mM EDTA, 1 mM DTT, 1mM PMSF, 1
mM NaNG;, 1 mM NaF and complete protease inhibitor cocktRibche)] and
incubated on ice for 1 hr. The cell lysate cengiifd at 10,000 g for 10 min. Equal
amount of glycerol (15%) was added to the supenatiad stored at -8G until use.
In vitro translated proteins of hNFYA-myc-His, hNFYB-mycBdahNFYC-myc2
were prepared by using a coupled transcriptiorgtedion kit (Promega). Briefly,
each NFY wasgn vitro translated by adding &y of expression vector to an aliquot
of the TNT® Quick Master Mix and incubated in gubfeaction volume for 60—90
minutes at 30°C. The amount of translated proteias confirmed by western blot

analysis using anti-Myc antibody (Cell SignalingAMJSA).

11



6. Electrophoresis mobility shift assay (EMSA).

The oligodeoxynucleotide probes (Table 1) for tké ghift assays are shown in
Table 1. Complementary oligonucleotides were amtetd each other to generate
double-stranded DNA by incubating at®@5for 5 min and gradually cooled down
to 37°C. The double-stranded DNA probes were labeled VuitffP] (Amersham
Biosciences, UK) using T4 polynucleotide kinasewNengland Biolabs Inc., MA,
USA). The labeled double-stranded oligonucleotigdese purified using Sephadex
G25 spin column (Pharmacia, NJ, USA). The reaatidrture (20 |1), containing 5
pg of nuclear extract from HepG2 cells ogd3of in vitro translated proteins, 10
mM Hepes (pH 7.9, KOH), 1 mM Mg&I130 mM KCI, 1 mM EDTA , 5% glycerol
and 1pg of poly (dI-dC) were preincubated on ice in thsence of the probe for
20 min and incubated for additional 20 min on icéghwthe 50,000 cpm of
radiolabeled probe (approximately 0.02 pmol). Thaction mixtures were then
subjected to electrophoresis with a native 5% pllamide gel at 150 V for 90
min in 0.5 x TBE buffer (45 mM Tris-borate, pH 846 mM boric acid, 1 mM
EDTA). For competition experiments, excessive ueleth competitor
oligonucleotides were added to the binding reaatnixtures before the addition of
the radiolabeled oligonucleotide probe. For theessiift experiments, gg of each

antibody was added to the reaction mixture befbecaddition of the radiolabeled

12



oligonucleotide probe. The labeled probe was ttagted to the reaction mixture
and was incubated at°€ for additional 30 min, and subjected to polyaanyide

gel (5%) for electrophoresis. The anti-NFYA antiposlas purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Gels waried and exposed using a

FLA7000 image analyzer (Fuji Photo Film, Tokyo, dap

7. Chromatin immunoprecipitation (ChIP) assay.

ChIP assay was performed using ChIP Assay kit @iedBiotechnology, Lake
Placid, NY, USA) accordingto the manufacturer's instructions. Briefly,
approximately 10 cells were treated with 1% formaldehyde (final @amtration,
v/v) in cell culture medium for 10 min at 8C to cross-link proteins to DNA. The
cells were washed twice with PBS, pH 7.4 contairpngtease inhibitor cocktail
(Roche), harvested by centrifugation, resuspende2D0pl SDS lysis buffer (1%
SDS, 10 mM EDTA, 50 mM Tris—HCI (pH 8.1), and prage inhibitor cocktail)
and incubated on ice for 10 min. After incubatisapernatant was obtained by
sonication followed by brief centrifugation at 1000 x g for 10 min. The
supernatant was divided into aliquots (30Pand diluted with a 10-fold volume of
ChIP dilution buffer (0.01% SDS, 1.1% Triton X-10D2 mM EDTA, 16.7 mM

Tris-HCI (pH 8.1), and 167 mM NaCl) and pre-cleangging a 50% slurry of

13



protein A-agarose/herring sperm DNA for 1 h. Fomumoprecipitations, 4g of
NFYA antibody, without antibody or normal rabbitGgwas added and agitated
overnight at 4°C. The complexes were collected with protein A-agarherring
sperm DNA and eluted from the beads. The eluted W& amplified by PCR
using primers for each set (Table 1). The PCR ptsdwere resolved 1.5% agarose

gel and visualized with ethidium bromide staining.

14



lll. RESULTS

1. Determination of transcription start sites of tte human DGAT2 gene

To determine transcription initiation site, 5-RACW&as performed. First
stranded DNA was synthesized from total RNA of H2peells using hDGAT2
RACEL1 primer (Fig. 1A, Table 1) and amplified by R@sing the first strand
cDNA as template and the oligo dT-anchor primeg(EA, B). For the verification
of PCR products, nested PCR was performed usingdT2GRACE 2 and RACE3
and PCR anchor primers (Fig. 1A, B). These DNAsensubcloned into pTOP
Blunt V2 and sequenced to determine putative trgotimn initiation site(s). As
shown in the box (Fig. 2), -51, -60 and -64bp (b@}€rom translation initiation
site (+1) were assumed a potential transcriptiatiation site(s). The region
upstream of these bases was used as a promot&AT Dgene (Fig. 2) and nested

hDGAT2 RACE2 primer resulted in the amplificatiohtioee major one.

15



‘afeqdiuag atyy i uatEal you-0o Sutdgdue

0] SMYRTI UOYIBAIY ) JO J3I00 3APPPE I030p PUBY {7F ISR YT Y 81 py (0- £ Sue) sjusw@en w97 dg gp]
[t (7 pue | ate() sjuatmieg W ez do gog Ajaewmxosdde p uonedrgydoe ey w paynsad sratwnd aqraads 710 R fTE
W2 zoday Swsn Yo A0V H- 5 F SEARUR 40 - .98 Suien siawnad ogroads 71w 99Af1 J0 UOHRZEI0] PAIEITR I SMOITY
WNQY ZLVD VR 30 3MINS ¥ A d IDVA - § 44U0B T LV Wewmy jo ayis yre)s uondiisues) jo sisieuy T ‘514

1IP0I YD d 2 BUBI PAULING + £30vH 21O aY Pund oy yYd 9 001
sjnpoId YI d g aue| paung = £30vH ZIVOaY sund oyue ydd  § - I\\\ mmm
S19NPOId YD d | BUBI PAULING + £30vd 21O au lownd Joyaue ydyd - == “/f 00F
sjnposd YD d | Bue| pauLIng = £30VH ZIVOaY sownd joyue y)d € _ 00s
¥NOD uens 1 + Zovdziyoqy Jawnd woysue Tilpobio g —
¥NO2 puens 1 = ZAovdziyoqy ‘ewnd joyaue [ijpobio =
Aay 104
aedwa) Jd %L aue’]
1auid
9 ¢ v £ Z L NN
uolBai Bulpod D
uoiBai paje|sueaiun _u
T L33vd 230vd £30%d
4002 ZYoQu  zlvoau  Zlvoau
- - -
¥NO? Z21v¥o0ay 8 Z 9 g P| £ < l %3

16



- 1340
-1280

-1220

-1160
-1100

- 1040

- 980

-920

- 860

- 800

- 740

- 680

-620

- 560

- 500

- 440
-380

-320

- 260

- 200

- 140

gt ggcactcc
ccacagttgc
E- Box

ttttctaaca

cctattcatt
ctctttttat

ttcccatttt
tagt ct at ct
ccactccccc
ctcgcttgtc
cgt gagcat c
gt at aggt gc

gt t gagat ac

cgcatctttg

ccctctgect

accaatctcc

NFY, CTF,

gcgecececttg
ggagcaggct

caaacctctc

ctgggctcca

ctttatgect

aat gggcaaa

accttatctc

acagat at gg
gatt ccaaac
agcccagggc
ccggcecegttg
ccaagggcag

t ct gt gaggt

ccagccct aa

ct gccaaaag

tcagttcaag

gccact ccag

atctttctge

ccattctgga

atttacttct

aaact gaggc
ctgctgtgca
agagtcttct
t caccagt ga
aacct gggct

ttcttaataa

cct aact aat
HNF4

acagcccctc

gcaccgcacg
E- Box,

gcgggggagce
C/ EBP

gaagcagggc
gct ggccage

tgcttggttt

gcccggggt c

t cagagct gc
cccgggceccg

cacaagcaag tggcgcgggc ggcggcttag
E- Box

ctgccccegtt

gt gaggt gat
SREBP- 1

aaagtgttgc

CTCTGCTGEG GICTAGGECTG TTTCTCTCGC

GIGICCTAGC CGCCCAGCCT CGACGCCGTIC

cacccgcgcec

ggcccccagce

tttgccctca

atgctttcta

caaagt acct

t caagagagg
ccaacctctc
ctactctgtg
ct gt gt gcgg
gat ctggctg
agagat ggaa

cctgatacca gtgaccaaaa

tctcacttca gcctcatttt
cctgccccaa acatgctgge
I RS
caccttccat ctgcaaaatt
E- Box
t gt gccagac act acct agg
cacaaaaata ataattatta
I RS
cagggcaaga
t gggaagt gc
gttccat agc

act ggact cc
accagcgccc
cccectggttt
ctgtctctgc tgccccccag

ggt ccccagce acccagcagg

agtttgggtg
Spl
gcgggacctt

agccagaagc

USF1

ct aaagagt a
t ccccgecceg
Sp1l

ggact gaggg

tctcctctca

cgccaagcag

aacggcccgce

gCTCCGGGAC

GCCACCACTG

CCGGGACCCC

aaggcccgac cccctgcacg
Spl
ggt act ggcc gccgggecgt

agcgagggga at aaccgggc

cgcattcccc ggatccgcge
agcct caggt gcggttcccc
E- Box

cccgecccgec gegt cggegce

GCCAGCGCCG CGGCTGCCEC

GCCGCCGEECC GCAGCTCCAG

E- box
TGTGCTCTGC GCGAAGCCCT

- 80
-20

GGCCCCGEGG GOCGREAGCAT [dGGCCAGEEG CGCGRGEGTGA AGCGRCTTCC CGCAGEGCCG
TGACTGGEECG GGCTTCAGCC ATGAAGACCC TCATAGCCGC CTACTCCGGG GICCTGCGCG

+1

17



Fig. 2. Nucleotide sequence of the’-Hanking region of the human DGAT2

gene.The transcription initiation site(s) were deterntdingy sequencing of PCR
products (Fig. 1). Boxed Gs at —51, -60 and -64otietranscription initiation sites.
+1 denotes translation initiation site. The seqgeewics'-flanking region of DGAT2
gene was obtained from pHDGAT?2L-1340. Putative inigdsites for trans-acting

factors are shown.
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2. ldentification of trans-acting factors responsilte for regulating DGTAZ2 gene

promoter

In an attempt to understand a mechanism of humaATR@ene expression,
we first cloned human DGAT2 promoter. To identifyetregulatory regions of
DGAT2 genewe prepared 5 serial deletion constructs generhiedPCR. Nine
human DGAT2gene promoter-luciferase reporter constructs (-159249/-1, -
333/-1, -495/-1, -570/-1, -695/-1, -851/-1, -10224nd -1340/-1) were subjected to
transient transfection using HepG2 cell line. TRARE search suggested that
there are several consensus sequences which himttiption factors. The mRNA
level of mouse DGAT2 was shown to be affected Isylin in adipocytes or dietary
status in adipocytes and livér These data suggest that transcription factors
involved in the insulin-regulated gene regulatisach as SREBP-1, USF1, USF2,
NFY, and Spl may be possible regulators of DGATRegexpression. To confirm
the possibility, we performed luciferase assay véipression vectors for these
trans-acting factors and hDGAT?2 (-1340/-1) repodenstruct in the HepG2 cells.
Of all the transcription factors tested, only NFacteased the promoter activity by
50% (data not shown). Furthermore, over-expresbnNFY repressed the
promoter activity of DGAT2 gene in a dose-dependmainner (Fig. 3). Serial

deletion revealed that -570/-495bp region is resida for the decreased promoter
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activities. These results indicate that -570/-495@ymtains negative-response

elements, of which sequence is a conserved CCAXTBeCCAAT-3") (Fig. 4).
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CCAAT
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Fig. 3. DGAT2 promoter activities are repressed by NFY.A schematic
representation of putative CCAAT box in the humadA¥2 promoter (a). Human
DGAT2 promoter is repressed by NFY in a dose-ddpehmanner. Expression
plasmids of NFY or the control plasmid (pcDNA3) waransfected with DGAT2
promoter reporter construct (pHDGAT2L-1340) intop@2 cells (b). Normalized
luciferase activities are shown as meaB8.b of three independent experiments in

triplicate and are expressed as fold increaseveltd the basal activity.
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Fig. 4. Determination of NFY binding site in the human DGAT2 promoter. Five
hundredug of NFY expression vectors was transfected witleta® constructs of
DGAT2 promoter (50Qug) into HepG2 cells. The effect of NFY (black bar) the
promoter activity was compared with that transfdcteith pcDNA (grey bar).
Normalized luciferase activities are shown as meaf.D of three independent
experiments in triplicate and are expressed as ifaltkase relative to the basal

activity.
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3. Identification of NFY binding sites in the humanDGAT2 promoter

In order to identify cis-element(s) binding NFY, p{&2 nuclear extracts @n
vitro translated NFYA, NFYB and NFYC were incubated widdiolabeled -514/-
480bp fragment and EMSA were performed (Fig. 5)e Hddition of a 200-fold
molar excess of unlabeled NFpYobe completely abolished the band formed by
DNA-protein interaction (Fig. 5A, lane 3), but ubtded CTF, C/EBP and LXRE
probes failed to compete the binding of NFY compteiFig. 5A, lane 4-6). These
results indicate the specific binding of NFY comple the CCAAT box within
human DGAT2 promoter. Moreover, addition of antiN¥Fantibody caused the
supershift of the NFY band (Fig. 5A, lane 7). EM8g&ingin vitro translated NFY
showed similar results. Incubation with NFYA-mycsHNFYB-myc2 and NFYC-
myc2 with the probe formed strong protein-DNA coexl(Fig. 5B, lane 7,
indicated by arrow) and the band was weakened Ibgisauthentic NFY consensus
sequences (Fig. 5B, lane 6,7). The band was suftedshy anti-Myc antibody (Fig.
5B, lane 10). These data suggest that NFY binth¢oQCAAT box (-499/-495) of

DGAT2 promoter.
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s Bl invitro | NFYA-myc2 - — 4+ — — + + + + + +
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Fig. 5. NFY binds to CCAAT box of DGAT2 promoter. Radiolabeled -514/-480
bp (50,000 cpm) fragment was incubated with HepGdear extract (5 pg) (a), or
recombinant NFYA-myc-His, NFYB-myc2 and NFYC-myc2xtares (3 pl) (b),
which were prepared bin vitro translation. Fifty thousand cpm of NFY, CEBP,
CTF, and LXRE consensus sequene&se labeled and used as competitors. For
competition assay, 200-fold molar excess of colwbprwas added. For supershift
assay, 2 ug of anti-NFYA and anti-Myc antibody weed. The reaction mixtures
were subjected to 5% (w/v) non-denaturing polyaanjtle gel. NFY; nuclear factor
Y, CEBP; ccaat/enhancer binding protein, CTF; ccaat-bindiagscription factqr

LXRE; liver X receptor element.
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4. NFY subunits bind to CCAAT box in the DGAT2 promoter

To identify NFY binding to DGAT2 promoter at thellcdar level, chromatin
was extracted from HepG2 cell line and precipitdd®tA with anti-NFYA antibody
or IgG antibody. The immunoprecipitated DNA by axBEYA antibody was
amplified using hDGAT2 primers (Fig. 6A). As showm Fig. 6B, NFY form a
complex with the DGAT2 promoter in HepG2 cells tgh binding to the CCAAT

sequence of -499 /-495bp region.
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\, CCAAT \,
O —{eu] H——— oz —— I
-394 +5216
B
-608/-394 +5002/+5216
5% Input No Ab IgG NFY 5% Input No Ab 19G NFY
el - -

Fig. 6. Chromatin immunoprecipitation (ChlIP) assay. Schematics of the
genomic DNA structure of DGAT2 gene. The regionnmstn -608/-394bp and the
first intron (+5002/+5216) in the DGAT2 gene wemapified (a). HepG2 cells
were treated with formaldehyde to cross-link endoges proteins and DNA.
Samples of sonicated chromatin were immunoprecigitepreimmune IgG (fg)
and anti-NFYA antibody (21g). DNAs in the presence or the absence of antiseru
were immunoprecipitated and PCR amplified usingnpri pairs specific to the -
608/-394bp region. To confirm the same amount ofomiatins used in

immunoprecifitation between groups, input chromg®8o input) and chromatin
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were incubated in the absence of antiserum (No Afee) amplified PCR fragments

were resolved in 1.5% agarose gel.
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IV. DISCCUSION

Transcriptional regulations occured by the intdgrat of cis-elements
generally exist in the promoter regions of genes taansacting factors acting at a
distance. Computer searches of human DGAT2 genaqgies suggested a couple
of cis-elements that may contribute to the regulatiorD&AT2 gene, including
SREBP-1, C/EBP and NFY. Transient transfectionthe$e factors to HepG2 cells
revealed that NFY showed repression of DGAT2 premaictivity. NFY is a
transcription factor ubiquitously expressed andcfiams in the form of trimers of
subunits A, B and €% In the formation of trimeric NFY, tight associati of
NFYB and NFYC subunits is necessary before bindingunit A’. The trimers
confer the specificity and affinity for specific P\sequenc®. The N-terminal part
of the NFYA is responsible for NFYB and NFYC assticn and the C-terminal is
required for DNA bindiny. Primary structures of NFY subunits deduced from
cDNA sequences are well conserved among sp&tesioinformatics of the 5'-
flanking region of the human DGAT2 gene suggestediresence of a couple of E-
boxes. Because the promoter region of human DGAeie gs not defined yet, we
have determined the transcription initiation sige5»>RACE. Serial deletion study,
EMSA and ChIP assay of the promoter suggestedNRat binds to -499/-495bp

region.
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NFY serves as either an activator or as a repreN§of is reported to bind to
SOX3 and GAS6 gene promoter and activate their gerpressiorfé®
Furthermore, NFY exerts its transcriptional efflegtinteracting with partner trans-
acting factors such as Spi’, C/EBR1 ?® and SREBP*°3"%2% |n particular, in
connection with SREBP, NFY plays a key role in tegulations of genes involved
in lipid metabolism, such as 3-hydroxy-3-methylgiyi-CoA reductasd farnesyl
diphosphate syntha¥e acetyl-CoA carboxylagé and fatty acid synthas&. In
contrast, NFY was shown to repress PNRC1 and SCGB&e expression by
direct binding to the CCAAT box of their promot¥rS. The activating effect of
NFY is shown to be mediated by interaction with @3®r by recruiting TFIID to
the promoter¥=% The negative role of NFY on its target genesrisvikn to be
mediated by recruiting histone deacetyafses

In this study, we demonstrated that the promotévigcof DGAT2 gene is
repressed by the transfection of NFY to HepG2 cdilse promoter activity of
DGAT2 was decreased in a dose dependent mannerhaWe identified and
characterized the CCAAT box located at -495/-57@bphuman DGAT2 gene
promoter, which binds NFY. In this study, DGAT2 geexpression is repressed by
NFY, however, the significance of NFY-mediated D@AGene regulation in terms

of lipid metabolism, obesity, and type 2 diabetesds further study.
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V. CONCLUSION

1. By using 5 RACE PCR, we obtained three of différelanscription start
sites at -51, -60 and -64bp in the DGAT2 promatdtich is considered to

be crucial.

2. NFY inhibit the expression of the DGAT2 gene viaedt binding on the

CCAAT box in the human DGAT2 promoter.

3. We reported the transcriptional regulation of hurDdBAT2 gene for the

first time in this study.
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Abstract (in Korean)
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