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Abstract

Transcriptional regulation of lipid biosynthetic

genes by FBI-1, SREBP-1a, and Spl

Hyejin Park

Department of Medical Science

The Graduate School, Yonsal University

(Directed by Professdvlan-Wook Hur)

SREBP-1a and Spl are major transcription reguladbriany genes related
with cholesterol and fatty acid biosynthesis. SRHEBPand Spl activate
transcription synergistically by binding to SRE (&-box) and GC box,
respectively. The protein interacting either witREBP-1a or Spl can be
important in the transcriptional regulation of tigenes involved in lipid
biosynthesis. We investigated whether FBI-1 coelgltate transcription of the
lipid biosynthetic genes such as, fatty acid sysgh@AS), ATP-citrate lyase

(ACL), and LDL receptor (LDLR). We observed FBIl-dgulated transcription



by Sp1l and SREBP-1a in lipogenic genes via trahsiansfection assay in SL2
cells and CV-1 cells. FBI-1 repressed transcriptibboth ACL promoter and
artificial promoter with SRE and GC box. Howevem &AS and LDLR

promoter, FBI-1 activated transcription. GST fusiprotein pulldown assay
show that the POZ domain of FBI-1 directly intesagtith Sp1ZFDBD and
SREBP-1a. Electrophoretic mobility shift assaysvaab that the POZ domain
of FBI-1 and FBI-1ZFDBD inhibit binding of Spl tthvé GC boxes of lipid
biosynthetic genes. Taken together, we found thrdéeaoalar interaction among
cis-regulatory elements, SREBP-la, Spl, and FBIsl important in

transcriptional regulation of major genes of lipitetabolism. FBI-1 acts as
transcription activator or repressor depending lo@ promoter context and

cellular context.

Key words: transcriptional regulation, fatty acighthase, ATP-citrate lyase,

LDL receptor, FBI-1, SREBP-1a, Spl
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Hyejin Park
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The Graduate Schoal, Yonsel University

(Directed by Professor Man-Wook Hur)

|. Introduction

FBI-1 (factor that_inds to the_mducer of short transcripts of human
immunodeficiency virus-1; also called Pokemon) isBaB/POZ (broad
complex, Tramtrack, and bric-a-brac/poxvirus amt Zinger) domain protein
that has been shown to modulate HIV-1 Tat transstodon and to repress
transcription of some cellular genésMolecular cloning revealed that FBI-1 is
a 61.5-kDa protein with a POZ domain at the N taewsiand Krippel-type four
C2H2 zinc fingers at the C terminus and Westeritihtp showed that FBI-1 is

a 75 kDa protein, suggesting possible posttransiatimodification.
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The POZ domain is an evolutionarily conserved pngbeotein interaction
motif found in many transcription factors, oncogemroteins, ion channel
proteins, and some actin-associated proteifise POZ domain genes, which
were first identified in a set of Drosophila andkpious, have since been found
in organisms ranging from yeast to humans. The ROZain proteins are
strongly involved in many critical cellular processsuch as development,
oncogenesis, apoptosis, ion channel activity, aadstriptiors® The domain
has been shown to form homomeric and heteromesocaions with other
POZ domains. Given the large number of POZ domamems in the higher
eukaryotes, this domain is likely to regulate mangre critical biological
processes by a combinatorial diversity of complexes

The most striking and common property of the P@mdin transcription
factors is their ability to repress transcriptioa their POZ domains, as reported
for PLZF (promyelocytic leukemia zinc finger traription factor), Bcl-6 (B
cell lymphoma transcription factor-6), FBI-1, MIZ&nd Kaisd>* The ability
of the domain to interact with other key regulatprgteins such as corepressor
proteins and other transcription factors such ag/GA, 2°'® (PLZF), Jun
proteind’ (Bcl-6), Sp1? (FBI-1), CTCE® (kaiso) appears to be important for
repression. In particular, the POZ domains of hurRéZF and Bcl-6 were
shown to interact with SMRT/N-CoR, mSin3A, B-CoRnda histone

deacetylasé€’?! By referring to the molecular mechanisms propofedthe



nuclear receptors, chromatin compaction by histaleacetylase complex
recruited by the POZ domain was suggested to reprasscriptiorf>2*

FBI-1 has been shown to repress transcription wiesextracellular matrix
gene$ (these authors refer to FBI-1 as hcKBpxand of the ADH5/FDH
promoter.In the latter case, the proposed mechanism of sejme is the
interference of Spl binding to the GC-box by FBbdund to upstream
FBI-1 binding site located adjacéAThe mouse counterpart of FBI-1, LRF
(leukemia/lymphoma-related factor), is co-immunajpitated and co-localized
with Bcl-6.* The rat homolog of FBI-1, OCZF (osteotclast-dedizénc finger),
is a transcription repressor and is involved ineoskastogenesfé. FBI-1
represses the transcription of the tumor suppregsoe p18:F through direct
binding® (these authors refer to FBI-1 as pokemon).”P19s aberrantly
expressed in knock out mice of coding gene of FBHitb7 null MEFs.
Conversely, FBI-1 overexpression leads to overtogenic transformation.
SAGE (serial analysis of gene expression) anagtsisvs that the expression of
FBI-1 is increased in cancer tissues (available at
www.ncbi.nlm.nih.gov/UniGene/clust.cgi?ORG=Hs&CIDB5623). These
data suggest that FBI-1 or pokemon may be prot@gsme.Recently,
FBI-1 was identified as a possible active partioipan the adipocyte
differentiation process in both murine and hurmad suggested that FBI-1 may

be promoting growth arrest and terminal differeigia during adipocyte



differentiation’” Most recently, the POZ domain of FBI-1 was ideetfto
interact with the subunit of the p65 subunit of kEF-and kB.*

SREBPs (sterol-regulatory-element-binding proteingje important
regulators of mammalian lipid metaboli$fiThe SREBP-1 gene encodes two
almost identical proteins, SREBP-1a and SREBP-higlware expressed from
overlapping mRNA$? A separate gene encodes a single mRNA and priatein
SREBP-2 (Fig. 1A). The two SREBP-1 proteins arenidal except at the
extreme N-termini. SREBP-1a and 1c have differetemhini but are identical
from the common second exon onwards. SREBP-1la$asigue amino acids
from its first exon and SREBP-1c has only four @iddition to the initiator
methionine residue). The activation domain of tREBP-1 proteins is located
in this N-terminal region. SREBP-1a has a potenivaiton domain, which
interacts efficiently with co-activators such asOPEREB-binding protein
(where CREB stands for cAMP-response-element-binginotein) and the
mammalian mediator compléX.The shorter N-terminus of SREBP-1c is a
weak activation domain and interacts weakly with §ame transcriptional co-
activators. SREBPs directly activatee expression of more than 30 genes
dedicated to the synthesisd uptake of cholesterol, fatty acids, triglycesd
and phospholipidsis well as the NADPH cofactor required to syntreesinese
molecules. SREBP-1a is a potemtivator of all SREBP-responsive genes,

including those thaimediate the synthesis of cholesterol, fatty aciisd



triglycerides. SREBP-1c preferentiaiyhances transcription of genes required
for fatty acid synthesisut not cholesterol synthesis. Like SREBP-1a, SREBP
has preferentiallgctivates cholesterol synthesis.

SREBPs are uniqgue membrane-bound transcriptiororiaétnportant in
cholesterol and lipid metabolism. SREBPs are stratly composed of four
domains with two membrane-spanning regidiié.Both amino- and carboxyl-
terminal portions of the proteins project into ttyoplasm. The N-terminal
domain of approximately 480 amino acids is a bhsit¢-loop-helix leucine
zipper (bHLHZip), and it is a functionally activemion as a transcription factor.
C-terminal portion, regulatory domain, forms a céempwith the Trp-Asp (WD)
repeat of SREBP cleavage activating protein (SCXRjen cells are cultured in
medium containing sufficient cholesterol the SREBRssequestered in the ER
by two membrane spanning domains. When cellulalsievels drop, the
amino-terminal portions of the SREBPs are releasech the ER by two
ordered proteolytic events. The liberated matur&BiRs then enter the nucleus
where they activate transcription of various gemesthe fatty acid and
cholesterol metabolic pathways such as LDL recep{oP-citrate lyase, Fatty
acid synthase (Fig. 1BY®

Spl (specificity protein 1) is a sequence-specinscription factor that
binds GC box and activates a wide range of viral eellular gene¥*’ Sp1

belongs to the Krippel-like C2 H2-type zinc fingeiperfamily. The protein is



composed of several modules, N terminus inhibitoigmain (aa 1-82),
serine/threonine-rich domains (aa 87-143; aa 2483;3Butamine-rich domains
(aa 138-232; aa 51-500) important in transcripactivation, zinc finger DNA
binding domain (aa 622-720), and C terminus D danfaa 721-788). Because
almost all genes involved in cholesterol and fataielism contain Sp1-binding
GC box in their promoters and Spl often plays tcatirole in the transcription
activation of many genes, there must be a mechargguiating the activity of
Sp1l and thus the expression of cholesterol andl tiggtabolism.

In SREBP target gene promoters, SRE, NF-Y or Spidibg site is
frequently found and NF-Y and Sp1 directly bindSBEBP® * Through the
binding, NF-Y and Spl seem involved in recruitmehftbasic transcription
machinery. SREBP-1 and Spl activate transcriptiorergistically by binding
to SRE (or E-box) and GC box, respectivel{. The protein interacting either
with SREBP-1 or Spl can be important in the trdptonal regulation of the
genes involved in lipid biosynthesis.

Fatty acid synthase (FAS), one of the main lipogemizymes, converts
dietary calories into a storage form of energy. Tthenscription factors,
specificity proteins 1 and 3 (Spl and Sp3), nucfaator Y (NF-Y), upstream
stimulatory factor (USF), and sterol regulatory nedmt binding protein-1
(SREBP-1) have cognate binding sites on the pranadtéhe FAS gene. It is

demonstrated that SREBP and Spl synergisticallysetthe FAS promoter in



Drosophila SL2 cells, which lack endogenous Spls Wemonstrated that the
SREBP and Spl proteins interact together in theradss of DNA through a
small region in Spl called the buttonhead domaitd)(and the DNA
binding/dimerization domain of SREBP.

ATP-citrate lyase (EC 4.1.3.8, ACL) is a cytos@iizyme which catalyzes
the formation of acetyl CoA and oxaloacetate fratrate and CoA. ACL, an
enzyme catalyzing the first step in biosynthesifaty acids, is induced during
the lipogenesis and cholesterologenesis. It wasrtegh that the change in the
expression of Spl family proteins play an importeoie in activation of the
ACL promoter by glucos®& ACL plays an important role in fatty acid and
cholesterol biosynthesis and is highly controlled diet at the transcription
level.

Cellular sterol balance is efficiently maintainedéfeedback mechanism.
When cellular sterol levels are low genes involiedholesterol synthesis and
uptake are activated. When sufficient cholestey@massed they are efficiently
shut off. The protein involved in cholesterol umak a cell surface receptor
that rapidly internalizes cholesterol-rich low dén$ipoprotein (LDL) particles
from outside the cell. Transcription from the LDé&ceptor gene is efficiently
regulated by cholesterol, and its simple promatecdmposed of three related
sequence elements referred to as repeats 1-3 doopstream of a TATA box-

like element. Repeats 1 and 3 bind the universaistription factor Spl.



However, repeat 2 binds SREBPs. The SRE-1 functas conditionally
positive element activating expression only whemnatlevels are low. It cannot
function efficiently by itself even when presentnmultiple copies. In the native
LDL receptor promoter the adjacent binding site fi@nscription factor Spl
located in repeat 3 is also requiféd.

Because FBI-1 is the gene most abundantly expreisséte process of
terminal differentiation of pre-adipocyté€sand FBI-1 and Sp1l interact with
each other and repress the transcription activatyoBp1? we investigated and
found that SREBP and Spl are involved in proteotgn interactions with
FBI-1. We also determined that these interactions anportant in the
transcriptional regulation of lipid biosyntheticrges. This may have significant

implication in understanding how FBI-1 can playaatpn lipid biosynthesis.
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Figure 1. Domain structures of human SREBP-1a andREBP-2 and model
for the sterol-mediated proteolytic release of SREBs from membranes.
(A) The sequence of SREBP-1c (not shown) is idahtic that of SREBP-1a
except for a shortened Nfrminal acidic domain (24 amino acids in SREBP-
1c versus 42 amino acids in SREBP-#a)B) Model for the sterol-mediated
proteolytic release of SREBPs from membranes. S@GA® sensor of sterols
and an escort of SREBPs. When cells are depletsteadls, SCAP transports
SREBPs from the ER to the Golgi apparatus, where proteases, Site-1
protease (S1P) and Site-2 protease (S2P), actrg@llyeto cut and release the
NH,-terminal bHLH-Zip domain from the membrane. ThelbHZip domain
enters the nucleus and binds to a sterol respoleseert (SRE) in the
enhancer/promoter region of target genes, actiyakiair transcriptiord!
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[I. Materials and Methods

1. Plasmids

Mammalian and insect cell expression vector for émr8pl, pCMV-Spl
and pPacSp1 were kind gifts from Dr. Robert TjipeDNA3-FBI-1 and pPac-
FBI-1 plasmids were reported by elsewhBrgG5-1x (SRE+GC)-Luc and
pG5-2x (SRE+GC)-Luc plasmids were prepared by alprane or two copies
of annealed oligonucleotides composed of SRE andb®C(Top strand, 5'-

aattcAAAATCACCCCACTGCAAITCGATCGGGGCGGGGGAG-3,

antisense strand, 5-aattcTCGCCCCGCCCCGATCGAATTGTCSGGGT-
GATTTTG-3) into pG5 luciferas&coR1 (Promega, Madison, WI, USA).
Fatty acid synthase promoter-luciferase reportemegecAS 1 (FAS-
150/+65), FAS 2 (FAS-135/+65), FAS 3 (FAS-150/-78TR), LDLR-tk-Luc
and pPac-SREBP-1a insect cell expression vectog Wiedly provided by Dr.
Timothy F. Osborne of University of California, ine. ATP-citrate lyase
promoter-luciferase reporter gene, pCMV-SREBP-1ER0-SREBP-la
generous gifts from Dr. Kyung-Sup Kim. pGEX4T3-P@4 and pQE30-
POZy,.1 plasmids were reported elsewh&do make recombinant Spl zinc
finger protein, cDNA fragment encoding ZF DNA bindiregion from amino
acids 624 to 718 of Spl was cloned into pTrcHisBression vector/Kpnl-

EcoR1 (Invitrogen, Carlsbad, CA, USA). Two oligofeatides (5’ PCR primer:

12



#484, Spl-622-Kpnl: 5-ACGTGGTACCAAACAGCATATTTGCCAG 3
PCR primer: #563, Sp1ZF3’: 5-GATCTCTAGAGAATTCCTAACCAGAG-
CTACACCTGGGCCTC-3’) was used to PCR the ZFDBD regaut of Spl
cDNA using following amplification condition: 94 denaturation 5 min, 30
cycles of amplification , 94C 30 sec, 55C 30 sec, 7ZC, 30 sec, extension
72°C 10 min.). PCR product was digested with Kpnl-Ec@Ril cloned into

pTrcHisB.

2. RT-PCR of FBI-1 mRNA in C57BI/6J mice andob/ob C57BI/6J mice

Total RNA was isolated from abdominal adipose tsswsing TRIzol
reagent (Invitrogen)}cDNAs were synthesized using 1 mg total RNA, random
hexamer (10 pmol), and superscript reverse trgotsse Il (200 units) in 2Q:0
using reverse transcription kit (Invitrogen). PCRerev performed by using
following amplification condition: 94C denaturation 5 min, 35 cycles of
amplification reaction, 94C 1 min., 60 C 45 sec, 72C 1.5 min, final

extension reaction at 72 10 min.

3. Cell culture and Transient transfection
CV-1 cells were cultured in Dulbecco’'s modified E&gmedium (DMEM)
(Gibco BRL) supplemented with 10% fetal bovine ser(FBS) (Invitrogen).

CV-1 cells were seeded onto 6-well plates and grdem 24 hrs before

13



transfection. The cells were transfected with gg2 of plasmid DNA mixture
by using Lipofectamine Plus reagent (Invitrogen)cading to the
manufacturer's protocols. Briefly, the plasmid DilAd 3 ¢ of PLUS reagent
were mixed in 100u{ Opti-MEM (Gibco BRL) and then added 10@ of
containing 3¢ of Lipofectamine reagent were added. The cellewesished
with PBS and supplied with 80@( of serum free Opti-MEM. After 15 min of
incubation, Lipofectamine-DNA mixtures were addetbiwells. The cells were
transfected for 3 hrs with the plasmid, then gramvBMEM supplemented with
10% FBS. The cells were harvested 48 hrs aftesfieation and lysed in 100
wl of reporter lysis buffer (Promega), and cell debwas removed by
centrifugation and the supernatant was collectedciferase assays were
conducted with 540 of cell extracts and 5@{ of luciferase assay reagent
(Promega). Luciferase activity was normalized3hyalactosidase activity.
Drosophila SL2 cells were cultured in Schneider'soddphila medium
(GIBCO BRL) supplemented with 10% fetal bovine seruSL2 cells were
seeded onto 6-well plates and grown for 12 hrs reefwansfection in
Schneider’'s Drosophila medium without FBS. Thescelere transfected with
2.4 pug of plasmid DNA by using Cellfectin reagent (Inaigen) according to
the manufacturer's protocols. Briefly, the plasmMA and 3 w{ of Cellfectin
reagent were mixed in 10@{ Schneider’s Drosophila medium with FBS.

After 45 min of incubation, Lipofectamine-DNA mixes were added into

14



wells. The cells were transfected for 24 hrs whk plasmid, then grown in
Schneider’'s Drosophila medium supplemented with FB&. The cells were
harvested 48 hrs after transfection and lysed th 20 of reporter lysis buffer
(Promega). Luciferase activities were measuredgudlie Luciferase Assay

reagent. Luciferase activity was normalized3byalactosidase activity.

4. Preparation of recombinant His-Spl1ZF, His-SREBPta, His-POZgp, 4,
GST-POZp,.;, GST-FBI-1ZFDBD proteins in E. coli

To prepare bacterially overexpressed recombinargiof proteins,
PGEXAT3-POZgs.;, PGEX4T3-FBI-1ZFDBD pQE30-POZ.; pQE30-
SREBP-1a, pTrcHisB-Sp1ZFDBD plasmids were transéarmnto E. coli
(BL21-DE3). To purify proteins from bacteria tramshed by pGEX4T series
expression plasmid vectors, bacteria were growi2d@ ml of LB broth to
Ag=0.7 at 37C , and induced with 0.1 mM of IPTG farernight at 23T .
Bacteria were collected by centrifugation and lysetth cold lysis buffer (1x
PBS, 2 mM EDTA, 1 mM PMSF, 0.2 mg/ml lysozyme). Bai@ were
disrupted by sonication (amplitude 50 %, cycle @®,sec.; Fisher Scientific,
USA). Disrupted mixture was centrifuged at 12,0péhrat 4 'C and aluble
fractions of lysate were incubated with 2 ml of G&yhrose resin (Peptron,

Taejeon, Korea) for 2 hrs at@ . After washing, fmbyproteins were eluted

15



with 2 ml of elution buffer (15 mM GSH, 50 mM Tr4€l, final pH 8.0), and
dialyzed with 1000 volume of cold PBS for overnightd C .

To purify proteins from bacteria transformed by [BDQEand pTrcHisB
derived expression plasmids, bacteria were growg20@ ml of LB broth to
Ago=0.7 at 37C , and induced with 0.1 mM of IPTG fdn§ at 23C. To over
express His-SREBP-1a, expression was induced bjnMaf IPTG for O/N at
23 C. To over express HBp1ZFDBD, expression was induced by 0.2 mM of
IPTG for O/N at 18C To over express His-PQ4. 1, induction was made with
1 mM of IPTG for 6 hrs at 3@C Bacteria were collected by centrifugation and
lysed with cold lysis buffer (50 mM NgRQ,, 300 mM NaCl, 10 mM
Imidazole, 1 mM PMSF, pH 8.0). Bacteria were disedpby sonication
(amplitude 50 %, cycle 0.5, 30 sec). Disrupted orxtwas centrifuged at
12,000 rpm at 4C andbhuble fractions of lysate were incubated with 2afl
Ni*-NTA resin (Qiagen, Hilden, Germany) for 2 hrs at’4 After washingthe
resin with washing buffer (50 mM NaPQ,, 300 mM NacCl, 20 mM Imidazole,
1 mM PMSF, pH 8.0), bound proteins were step-grabtlieeluted with 2 ml of
elution buffer (50 mM N#HPQ,, pH 8.0, 300 mM NacCl, 50, 75, 100, 150, 250
mM Imidazole), and dialyzed with 1000 volume of&®BS for overnight at

4C.
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5. In vitro protein-protein interaction

To investigate interaction between the SREBP-Ihthe POZ domain of
FBI-1, purified GST protein (fig) and GST-POZ protein (#g) were bound to
GSH-agarose (5Q4 slurry) (Peptron, Taejeon, Korea) for 1 hr in 500
TNE buffer (50 mM Tris HCI, pH 8.0, 1 % Nonidet B;42 mM EDTA, and
one tablet/50 ml protease inhibitor mixture (Roch&nnheim, Germany) at
4 C. Agarosébound GST or GST-POZ protein was collected by rifeigtion
at 3000xg for 1 min at 4C and ashed four times with cold TNE buffer.
Agarose-bound GST or GST-POZ protein was incubaigd 5 ;g of 6x His-
SREBP-1 in binding buffer (25 mM Tris HCI, pH7.% MM NacCl, 0.25 %
Nonidet P-40, 15 mM-mercaptoethanol) for 6 hrs at@ . After the agaros
protein complex was washed three times with coldETibuffer, the bound
proteins were resolved by 15 % SDS-PAGE and sudgletd Western Blot
analysis using anti-SREBP-1 antibody (1:1000 dilutifor mouse primary
monoclonal antibody against SREBP-la and 1:200@tickl for rabbit

secondary anti mouse antibody) (Santa Cruz Biotdolgy, CA, USA).

6. Electrophoretin Mobility Shift Assay (EMSA)
The oligonucleotide probes (500 picomoles each3r8 8nM Tris-HCI ,
pH=8.0, 16.7 mM MgGl 166.7 mM NaCl ) were annealed by heating af(93

for 5 min and cooling down slowly to room temperatuAfter diluting the
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solution containing the annealed oligonucleotideth water to 50 mM Tris-
HCl , pH 8.0, 10 mM MgGl 100 mM NaCl, 100 picomoles of annealed
oligonucleotides for EMSAs were labeled with-}fP] ATP and Klenow
enzyme (Roche, Mannheim, Germany) by incubatingr®® at 37 C .a-3P
labeled, double-stranded oligonucleotides werefipdriwith PROBER" spin
column (iNtRON biotechnology, Seoul, Korea). Sedqesn of various
oligonucleotides used in EMSA are as follows (ahly top strand is shown):

LDLR Spl: 5-GATCGCAACTCCTCCCCCTGCTA-3;;

FAS Spl: 5-GATCTGGCCGGGCGGCGCAGCCA-3;

ACL Spl: 5-GATCCGATGGGGGCGGGGAAAAG-3..
Each binding reaction was carried out in 20 of binding buffer containing 10
mM HEPES, pH 7.6, 75 mM KCI, 1 mM EDTA, 10 % Glyokr500 ng
poly(dl-dC), 2 mM DTT, and purified recombinant Xss tagged Spl ZFDBD
(280 ng), GST-FBI-1 ZFDBD (280 ng), and the POZ domof FBI-1
polypeptides (160 ng - 640 ng). 1/Z of Anti-Xpress antibody against
Spl1ZFDBD (Invitrogen, CA, USA) was added to thediiig mixture in some
EMSA reactions for super-shift assays. The proB¥NA complexes were
resolved from free probe by 6 % non-denaturing @olylamide gel
electrophoresis at room temperature in 0.5x TBEr(88 Tris-Borate, 2 mM
EDTA, pH 8.3) buffer. The dried gels were exposeXray film at -70C  with

a Kodak intensifying screen (Kodak, NY, USA).
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I1l. Results

1. FBI-1 is expressed more irob/ob C57BL/6J mice compared to normal
C57BL/6J mice

Recently, FBI-1 was identified as a possible actpagticipant in the
adipocyte differentiation process in both mice #mdnanand suggested that
FBI-1 may be promoting growth arrest and termindéfecentiation during
adipocyte differentiatiof’

First, we tested expression level of FBI-1 in moadmose tissue (Fig. 2).
Total RNA was extracted from normal mouse adipissué and obesab/ob
mouse adipose tissues. RT-PCR was performed tosureahe mRNA
expression of mouse FBI-1 (also called LRF) in rdrmouse andb/ob mouse
adipose tissues. We observed higher FBI-1 mRNA ievebeseob/ob mouse.

Based on this initial observation, we suspectetl FBd-1 may play a role
in lipid metabolism and there might be correlatlmetween FBI-1 expression

and fat mass.
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ob/ob
C57BLI6J

C57BL/6J

FBI-1 <4— 390 bp

GAPDH <4 452 bp

Figure 2. The expression of FBI-1 mRNA inob/ob C57BL/6J mice and
normal C57BL/6J mice. RT-PCR analysis of mRNA of FBI-1 and control
GAPDH. Total RNA was isolated from the abdominapade tissues of normal
C57BL/6J and ob/ob C57BL/6J mouse with TRIzol reagent. Two
oligonucleotides were used to amplify the POZ-domai FBI-1 (390 bp).
Amplification of mouse GAPDH mRNA with the oligoneotides designed to
anneal to conserved regions of mouse and human GIAEIDNA resulted in
452 bp PCR productob/ob C57BL/6J mouse shows higher level of FBI-1
MRNA than control C57BL/6dnouse. Control, mRNA of GAPDH does not
show difference.
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2. FBI-1 represses transcriptional activation by SEBP-1a and Spl, and
also represses synergistic activation by SREBP-1ané Spl on artificial
promoters in SL2 cells and CV-1 cells

Spl is an important transcription activator of tpaic genes by
collaborating with SREBP. We reported previouslgtt®plZFDBD interacts
with the POZ domain of FBI-# Accordingly, the molecular interaction of Spl
and FBI-1 suggest a possibility that FBI-1 may pkayole in transcription
regulation of lipid biosynthetic genes by affectigither Spl or SREBP, or the
synergistic interaction between Spl and SREBP.

To investigate whether FBI-1 affects the transaiptof the lipogenic
genes, we tested whether ectopic expression oflRBfects the SREBP-land
Spl-mediated transcription of the artificial proerstwith the SRE and GC box
in the proximal promoters (Fig. 3A). The proximabmoters of lipogenic genes
such as FAS, ACL, and LDLR have SRE or E-box, ai@H@®xes in various
configurations. We introduced artificial reportelomoter with SRE and GC-
box (pG5 1X(SRE+GC box) Luc:1x(SRE+GC); pG5 2x(SBE+box) Luc:
2X(SRE+GC)), SREBP-1a, Spl, and FBI-1 expressi@smpids in various
combination into Drosophila SL2 cells lacking mantiaratranscription factors
to test the possible molecular interaction amonmgelregulatory factors (total
plasmid 2.4ug: reporter plasmid reporter 0)8y, each transcription factor

expression plasmids, 0.44g, pCMV-{-Gal, 0.4 ug). After 48 hrs of
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cotransfection with calcium phosphate or Cellfedfinvitrogen, CA, USA),
cells were harvested, and analyzed for luciferase gxpression.

With 1x(SRE+GC) and 2x(SRE+GC) in Drosophila SL2IszeSpl
activated transcription by more than 4-7 fold, B&I-1 did not activate or
repress transcription significantly (Fig. 3B, 3@)terestingly, SREBP-1a did
not activates transcription in 1x(SRE+GC) constraot rather appeared to
repress transcription by 80% and FBI-1 activataddcription by SREBP-1a by
4 fold, up to the control level. With 2x(SRE+GC) nstructs, SREBP-1a
activates transcription by 2.4 fold and FBI-1 regsed transcription by SREBP-
la by 20 %. Interestingly, FBI-1 repressed Spl déeet transcription only by
20-10 % both in 1X(SRE+GC) and 2x(SRE+GC) constr8gtl and SREBP
showed synergistic transcription activation (7.748&d), which is potently
repressed by FBI-1 as much as 43-54% (Fig. 3B, Af@)ough action of FBI-1
by SREBP-1a or Spl is inconsistent, we observedlFiipresses synergistic
activation by Sp1 and SREBP-1a.

To investigate whether FBI-1 has any effect ondcaiption regulation by
SREBP-1a and Spl on the artificial promoter withESBnd GC-box in
mammalian cells, we carried out transfection assaysfrican green monkey
kidney CV-1 cells. The cells were cotransfectechwiBl-1, SREBP-1a, Spl
expression vectors, and artificial promoter-lucf® reporter gene fusion

plasmids with 1X(SRE+GC) and 2x(SRE+GC) (total ik 1.2 ug: reporter
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plasmid reporter 0.4ig, each transcription factor expression plasmidz @,
pCMV-B-Gal, 0.2 pg). After 48 hrs of cotransfection of plasmids with
lipofectamine plus reagent (Invitrogen), cells wheevested, and analyzed for
luciferase gene expression.

In artificial promoter-luciferase reporter genensoucts, 1x (SRE+GC)
and 2x (SRE+GC), ectopic Spl weakly transactivataxscription by 1.6-1.3
fold, probably because of already enough endoge8pdsn CV-1 cells. FBI-1
rather potently repressed Spl-dependent transmrictivation by 50-72%.
Constitutive active form of SREBP-la (a.a.1-490)tepdy activated
transcription by 12-31 fold and cotranscfection 1 and SREBP further
activated transcription 17-41 fold. Strong transtton activation by SREBP-1a
or cotrasfected SREBP-1a and Spl was potently sepdeby cotransfected
FBI-1 by 80-62 % and 88-70 %, respectively (Fig., 3E). Although FBI-1
appeared to repress transcription activation byeeiSpl or SREBP-1a, it is
unclear whether FBI-1 really repress SREBP-1a iytlvecause endogenous
Sp1l can be critical in transcriptional activatidrS|REBP-1a (Fig. 3D, 3E). One
possible scenario is that FBI-1 represses Spl hnsl abolishes synergistic
transcription activation by Spl and SREBP-la on ix¢SRE+GC) and
2X(SRE+GC) construct, as we observed with in DrbdaSL2 cells (Fig. 3D,

3E).
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Figure 3. The transcriptional regulatory roles of BI-1, SREBP-1a and Spl
on the artificial promoters in SL2 cells and CV-1 ells. FBI-1 potently
repressed synergistic transcription activation by otransfected Spl and
SREBP-1a. (A) The structures of artificial promoter reportgene fusion
plasmid constructs with either 1x (SRE+GC-box) ®r(3RE+GC-box). SRE
was adapted from well characterized SREBP bindleghent of LDLR gene
promoter. GC-box was from the consensus sequen8¥4® promoter. SRE is
recognized by SREBP and GC-box is bound by Spl, fapscription start
point, Luc, luciferase. (B, C) Transient transfentassays in the promoters with
proximal 1x (SRE+GC) and 2x (SRE+GC) by Spl, SREHBPand FBI-1 in
SL2 cells. Spl is a more potent activator than SREB, and when Spl and
SREBP-1a are cotransfected, strong transcriptitmation is observed. FBI-1
had weak or no effect on transcription activation $1 and SREBP-la.
However, FBI-1 potently repressed synergistic trapson activation by
cotransfected Spl and SREBP-la. (D, E) Transiaemstection assay of the
promoters with proximal 1x (SRE+GC) and 2x (SRE+®§)Sp1l, SREBP-1a,
and FBI-1 in monkey kidney CV-1 cells. Ectopic Spiakly activated
transcription and SREBP-1a potently activated tapson. When Spl and
SREBP-1a are cotransfected, addictive transcriativation is observed. FBI-
1 potently repressed transcription either by SpSREBP-1a, and also inhibited
addictive transcription activation by cotransfecual and SREBP-1a.
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3. FBI-1 represses transcriptional activation of Ipid biosynthetic genes
(FAS) by SREBP-1ain SL2 cells

In proximal promoter of rat FAS gene, SRE, GC-band E-box
(recognized by bHLH type transcription factors) gmeesent. Because of
additional E-box that can be recognized by SREBRslaeported by othefs.
we divided the promoter into two constructs showrfigure 4A in order to
study the function of E-box and SRE in term of s@iptional regulation by
SREBP-1a, Spl and FBI-1.

In all three FAS1, 2, 3 constructs tested, Splvatdd transcription by 89,
88 fold (FAS 1, 2), 3.4 fold (FAS 3). SREBP-1a eates transcription potently
by 76, 38 fold (FAS1, 2), 1.2 fold (FAS3) dependomgthe types of promoters
(Fig. 4B-D). We could observe lower relatives tiaipion activity in FAS3. It
appears that having intact GC-box-E-box elementsritecal in transcription
activation by Spl or SREBP-1a. In all constructte@, FBI-1 alone did not
affect the transcription of reporter gene (Fig. @B-In FAS 1, 2, 3, FBI-1 did
not repress transcription by Sp1l significantly. Mfigspect to SREBP-1a action,
FBI-1 repressed transcription by SREBP-1a by 4%AS1, 49 % in FAS2
construct. However, in FAS3, FBI-1 did not affa@nscription by SREBP-1a.
It appears that FBI-1 represses transcription byngcon SREBP-la and
depends on the presence of E-box rather than SREASBnpromoter (Fig. 4B-

D).
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Once Spl and SREBP-1a are cotransfected, tranearias increased
by two fold compared to Spl or SREBP-1a dependeanstription activation
in FAS1, possibly suggesting an additional effedtsvo transcription factors.
In FAS2 or FAS3 promoters, cotransfection of twotdas did not result in
transcription activation over either Spl or SREBPdependent transcription
and rather decreased transcription by half in FARRvever, in FAS2, FBI-1
activated transcription by Sp1l and SREBP-1a byfdd FBI-1 did not affect
transcription activation by SREBP and Spl in FASd BAS3 (Fig. 4B-D).

These data suggest that in FAS1 and FAS2, FBI-hrapfly repressed
transcription activation by SREBP-la and no sigaifiit effect on Spl
dependent transcription, suggesting that the E-lmximportant in the

transcription repression by FBI-1 (Fig 4B-D).
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4. FBI-1 represses transcription activation by SplHowever FBI-1 further
activates transcription activation of lipid biosynthetic genes (FAS) by
SREBP-1a and cotransfected Spl and SREBP-1a in CVetlls

In mammalian CV-1 cells, Spl did not particularstigate transcription
above the control pGL2 basic or pSYNt-Luc (TATA bat HMG-CoA
synthetase cloned in pGL2 basic in case of FASBABL, 2, and 3 constructs
tested, probably because of endogenous Spl (Fig)45REBP-1a potently
activated transcription by 11, 21.7, 6.3 fold defigg on the types of promoters.
Although FBI-I repressed transcription activatiop 8pl by 60, 36, 20%,
interestingly, FBI-1 activated transcription by SB#=1a by 1.6 fold in FAS1
and 3.8 fold in FAS2 construct where E-box juxtagab® Spl binding GC-box.
However, in FAS 3 lacking E-box, FBI-1 represseanscription by 47 %.
Overall transcription level of FAS2 construct is lafast 2-4 fold higher
compared to FAS1. Presence of additional SRE upstref GC-box has
lowered overall transcription level compared to BASf which the reason is
obscure.

FBI-1 further activated transcription contributegd SREBP-1a and Spl in
FAS1 by 2.5 fold, FAS2 by 3 fold, once FBI-1, SpidaSREBP-la were
cotransfected. This is rather unexpected becauskl F®as known as
transcription repressor in general due to the measef POZ-domain that can

interact with corepressors molecuté$! In FAS3 lacking E-box, FBI-1
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repressed transcription by 64 % as we have seemtificial promoters with
SRE and GC-box (Fig. 4E-G). These data suggesint@S promoter, FBI-1
can act as transcription activator and the E-bexparticularly important in the
transcription activation by SREBP-1a and FBI-1.

In FAS promoter, relative configuration of GC-bomdaE-box, potential
hydrophobic interaction between HLH of SREBP-1a BQ¥ domain of FBI-1
may result in transcription repression by FBI-1Sh2 cells and transcription

activation by FBI-1 in CV-1 cells.
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