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experiments showed that activity AIC1 was competed
Previous studies have shown that the regulatory ele- out by oligonucleotides containing the binding site of

ment AIC of apolipoprotein A-I is recognized by both NFY (5). NFY is an ubiquitous transcription factor
positive and negative regulators which bind to over- which binds with high specificity to CCAAT motifs in
lapping domains. One of these activities has been des- the promoter regions of genes transcribed by RNA poly-ignated AIC1. Competition experiments showed that merase II. It is a heteromeric metalloprotein composedAIC1 could be competed out by oligonucleotides con-

of two subunits, NFYa and NFYb, which can bind totaining the binding site of the transcription factor
DNA as a heterodimer but not as homodimers (6-8).NFY. In the present study, DNA binding gel electropho-
NFY has been reported to bind to numerous promotersresis and competition assays showed that NFY and
and to control their activity (9-13). In this communica-AIC1 recognized the same binding site on element AIC.
tion we present evidence that NFY transcription factorThis site contains a CCACT motif and differs by one
binds to the regulatory element AIC of the apoA-I andresidue from the consensus CCAAT binding motif of
can transactivate the apoA-I promoter in HepG2 cells.NFY. Cotransfection of HepG2 cells with both the0177

to0148 apoA-I CAT constructs and plasmid expressing
NFYa and NFYb, transactivated the apoA-I promoter

MATERIALS AND METHODSby 1.8 fold, indicating that NFY is a positive activator
of the apoA-I gene. q 1997 Academic Press

Synthetic oligonucleotides. Oligonucleotides (GIBCO BRL, Grand
Island, NY) AIC corresponding to C region (0177 to 0148) of the
apoA-I promoter (5), NFY corresponding to C region (092 to 073) of
the albumin promoter (10) and BA2 corresponding to region 078Apolipoprotein A-I (apoA-I) is a major protein con-
to 048 of the apoB promoter (14) were used in DNA binding andstituent of high density lipoprotein (HDL). Epidemio- competition studies. The oligonucleotides were labeled with [g32P]-

logical and genetic data have shown convincingly that ATP (5000 Ci/mmol) (Dupont NEN).
low (1,2) or high (3) levels of HDL or apoA-I are associ-

Plasmid construction. The wild type of the 0177 to 0148 apoA-ated with increased or decreased risk of developing ath- I promoter region was cloned into Sma I and Asp 0718 sites of the
erosclerosis, respectively. The apoA-I gene is 2-kb long pUCSH-CAT vector as described previously (5,15). Plasmids con-
and contains four exons and three introns (4). Tran- taining subnits NFYa and NFY b (positions 165-1204 and 200-897,

respectively) (8) were cloned in frame into BamHI and EcoRI site ofsient transfection assays in HepG2 cells suggested that
the expression vector pcDNA I amp (Invitrogen Co., San Diego, CA).the hepatic transcription of the apoA-I gene is con-
The structures of the resulting constructs were verified by restrictiontrolled by four elements: A (022 to /175), B (0128 to mapping and nucleotide sequencing.

077), C (0175 to0148), and D (0220 to0190) (5). DNA
Preparation and fractionation of nuclear extracts. Nuclear ex-binding assays showed that the regulatory element is

tracts from 80 male Sprague-Dawley rat livers were prepared asrecognized by heat stable activities, designated as described previously (14). For further purification the crude extracts
AIC2, AIC4 and AIC5, as well as by heat labile activi- in NDB buffer (25mM Hepes, pH 7.6, 40 mM KCl, 0,1mM EDTA,

10% glycerol, 5 mM MgCl, 1 mM dithiothreitol) were adjusted to 40ties, designated as AIC1 and AIC3 (5). Competition
mM KCl and loaded into a 5 1 30 cm phosphocellulose column with
250 ml bead volume, equilibrated in NDB buffer containing 40 mM
KCl at a flow rate of 60 ml/h. The column was washed with 3 volumes1 Corresponding author: Research and Molecular Biology Division,

Fundac̈ão Pró-Sangue Hemocentro de São Paulo, Av. Dr. Enéas de of the same buffer and eluted with a linear gradient of 0.04-1 M KCl
in NDB buffer. The flow-through containing the AIC1 activity wasCarvalho Aguiar, 155-17 Andar, 05403-000 São Paulo, SP, Brazil.

Fax: 55(11) 289-37-63 or 55(11) 282-23-98. collected.
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Extracts from Cos-I transfected cells. Cos-I cells were maintained pression plasmids using the calcium-phosphate DNA coprecipitation
method (16). Forty hours after transfection, cells were collected byas stocks in Dulbecco’s modified Eagle’s medium supplemented with

10% fetal calf serum. Fifty to 60% confluent cells in 150-mm dishes centrifugation. Cells extracts were prepared as described by Ogami
et al. (15).were transfected with 42 mg of pcDNA-NFYa and pcDNA-NFYb ex-

FIG. 1. DNA binding gel electrophoresis and supershift assays using the regulatory element AIC as probe. A: DNA binding assays of
fractions eluted from a phosphocellulose column. Lane 1: 3 mg of crude nuclear extracts; lane 2 and 3: 3 and 1 ml of flow-through from the
phosphocellulose column, respectively; lanes 4 and 5: 3 and 1 ml of fractions eluted with 0.5 M KCl, respectively. B: DNA binding assays
using 3 mg of crude nuclear extracts (lane 1), 3mg AIC1 activity (lane 2) and 3 mg of Cos-1 extracts expressing NFY (lane 3). C: DNA binding
and competition assays to the AIC oligonucleotide probe using AIC1 activity in the absence (lane 1) or presence (other lanes) of competitor
oligonucleotides: AIC (lane 2), NFY (lane 3) and BA3 (lane 4). The arrow indicates the position of the band from AIC1 transcription factor.
D: Gel supershift assay using extracts of Cos-1 cells transfected with NFY or nuclear extracts from HepG2 in the presence (/) and absence
(0) of NFY a antibodies and AIC oligonucleotide probe. Lanes 1 and 2: extracts from Cos-1 cells in presence and absence of NFY a antibody,
respectively. Lanes 3 and 4: extracts from untransfected Cos-1 cells in the presence and absence of antibodies, respectively. Lanes 5 and
6: nuclear extracts from HepG2 in the presence and absence of antibodies, respectively. The position of the supershifted DNA protein
complex is indicated by the arrows. Note that the mobilities of the DNA protein complex formed with NFY and AIC are identical.
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DNA binding gel electrophoretic assays. DNA binding gel electro- gonucleotides containing CCAAT box binding se-
phoretic assays were performed using the crude nuclear extracts of quences. The AIC1 activity can be separated from the
Cos-I cells transfected with plasmids expressing NFY or partially other activities which bind to element AIC by fraction-purified nuclear fractions containing AIC1. Three mg of nuclear pro-

ation of nuclear extracts on a phosphocellulose column.tein extracts, extracts of Cos-I cells expressing NFY, or partially
purified extracts containing AIC1, were preincubated for 15 min at As shown in Figure 1A, the AIC1 activity does not bind
47C in a 20 ml reaction containing 25 mM Hepes, pH 7.6, 8% Ficoll, to the column and is recovered in the flow-through frac-
40 mM KCl, 1 mM dithiothreitol, 3 mg of double-stranded poly(dI- tion which has 40 mM KC1 concentration. DNA bind-
dC), 5 mM MgCl2, in the presence or absence of 20 ng of competitor ing assays show that the AIC1 activity of crude nuclearoligonucleotide sequences per reaction. Then, 30,000 cpm of [g-32P]-

extracts, as well as extracts fractionated on phosphocel-ATP NFY and AIC oligonucleotides were added, followed by incuba-
tion for 30 min at 47C. Free DNA and DNA-protein complexes were lulose column, form DNA protein complexes with the
resolved on a 4% polyacrilamide gel in 1 X TAE buffer (6.7 mM Tris, regulatory element AIC, which have similar mobility
3.3 mM sodium acetate, 1 mM EDTA, pH 7.9). After the run, the with the complex formed with Cos-1 extracts express-
gels were dried into DE81 paper and exposed to X-ray film (15). ing NFY (Fig. 1B). Competition experiments showed

Gel supershift assay. Monoclonal antibody NFYa was obtained that the AIC1 activity can be competed with the homol-as described (16). The anti-NFYa was diluted 1:2 and incubated with
ogous oligonucleotide AIC as well as with oligonucleo-nuclear extracts for 30 min on ice. Double-stranded oligonucleotide
tides which contain the binding site of NFY (Fig. 1C).AIC labeled with [g-32P]ATP was added, followed by incubation for

30 min on ice. After electrophoresis, the . gels were dried onto DE81 Therefore, AIC1 recognizes the consensus sequence
paper and exposed to X-ray film. CCAAT from NFY element as well as imperfect CCACT

Cell transfections and chloramphenicol acetyltransferase assays. sequence from AIC element. These results suggest that
HepG2 cells were maintained as stocks in Dulbecco’s modified Eagle’s the presence of sequence CCACT is enough to promote
medium supplemented with 10 % fetal calf serum. Fifty to 60% con- the binding of AIC1 transcription factor to apoA-I pro-fluent cells in 30-mm dishes were transfected using the calcium-

moter. AIC1 activity was competed out partially by oli-phosphate DNA coprecipitation method (17). The transfection mix-
ture contained 3 mg apoA-I CAT construct, 1 mg of pcDNA I amp gonucleotide BA3 (Fig. 1C). A common feature of regu-
plasmid, 1 mg of RSV-b-galactosidase plasmid and increasing concen- latory elements BA3 and AIC is that both bind to iden-
trations of each the pcDNA-NFYa and pcDNA-NFYb. Cells were tical forms of fast migrating heat-stable activities (5,
harvested 42 h post-transfection and lysed by freeze-thawing. CAT 14). DNA binding and supershift assays showed thatassays were performed as described by Neumann et al. (18). The b-

the DNA protein complex formed with element AICgalactosidase activity of the cell lysates was determined spectropho-
using either Cos-1 extracts expressing NFY or crudetometrically by monitoring the hydrolysis of the synthetic substrate

O-nitrophenyl galactoside, at 410 nm (19). The b-galactosidase activ- nuclear extracts from rat liver nuclei is supershifted
ity of the cell extracts was utilized to normalize for variability in the with NFY. The findings demonstrate that NFY and
efficiency of transfection. AIC1 (Fig. 1 D) have similar antigenic properties and

therefore the two proteins may be identical or may beRESULTS AND DISCUSSION
members of a larger family. The fact that monoclonal

Previous studies have shown that AIC1 binds to the antibody NFYa supershifted both these complexes sug-
gests that the proteins involved are related. In contrastregulatory element C of apoA-I and is competed by oli-

FIG. 2. Effect of NFYa-NFYb heterodimers on the transactivation of the minimal apoA-I promoter under the control of the element
AIC in HepG2 cells. The normalized CAT activity is expressed as percentage of the activity obtained with the apoA-I-CAT plasmids. Results
are expressed as means { SD of at least 5 independent transfections in the presence of the increasing amounts (50, 100, 250 and 500 ng)
of each of the pcDNA-NFYa and pcDNA-NFY-b plasmids. (0) corresponds to plasmid absence (basal).
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