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Adipocyte amino acid transporter (AAAT) is induced
during the 3T3-L1 preadipocyte differentiation pro-
cess. In the —1819-bp 5'-upstream flanking region of
the AAAT genomic gene, six DNase | protected sites
were identified by using the 3T3-L1 adipocyte nuclear
extract. Results of chloramphenicol acetyltransferase
(CAT) expression from the chimeric AAAT promoter-
driven CAT reporter gene indicated that one protein
binding site, from —68 to —26, was essential for the
promoter activity. However, this protein binding site
does not contain recognition sites of the transcription
factors important for adipocyte differentiation, i.e.,
the C/EBP or PPAR family. Further analysis revealed
that the DNA sequence, TTCAAGTCCCGCCCTCCGCT
from —65 to —46, was the cis-element essential and
partially sufficient for inducible activity of the AAAT
gene promoter. © 2000 Academic Press

Key Words: adipocyte differentiation; Spl-like cis-
element; amino acid transporter; 3T3-L1 adipocyte.

The major adipose tissue expansion in mammalian
animals occurs at birth, when the adipose tissue is
needed for the newborn to survive the periods of energy
deprivation as well as to insulate from the low temper-
ature of the environment. On the base of this adipose
tissue expansion is adipocytes differentiation. Estab-
lished preadipocyte cell lines, e.g., 3T3-L1 preadipo-
cytes that can be induced to differentiate into adipo-
cytes in cell culture, provide models with which to
investigate the adipocyte differentiation program (1-—
4). When exposed to the appropriate differentiation
inducers, including IGF-1 (or insulin at a nonphysi-
ologically high concentration), dexamethasone (DEX, a
glucocorticoid) and 3-isobutyl-1-methylxanthine (MIX,
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a cCAMP phosphodiesterase inhibitor that increases in-
tracellular cAMP), 3T3-L1 preadipocytes differentiate
into adipocytes.

Differentiated adipocyte phenotype is the result of
coordinated expression of a large number of adipocyte
specific genes, which has been a focus for studying
adipocyte differentiation. Large body of evidence has
demonstrated that transcription factors belonging to
C/EBP family and PPAR family are the key transcrip-
tion factors regulating this coordinated adipocyte spe-
cific gene expression program (1, 4-7). In these two-
transcription factor families, C’EBP«a and PPARYy are
two of the most important transcription factors for
regulating adipocyte differentiation. Most of the adipo-
cyte specific genes, such as aP2/422, Glut4, SCD1, OB,
insulin receptor, etc. have functionally critical C/EBP«
and/or PPARy binding sites in their transcriptional
regulatory promoter regions and their expression is
transactivated by C/EBP« both in vitro and in vivo
(8—14). In addition, transgenic expression of C/EBP« is
sufficient to induce 3T3-L1 preadipocyte differentia-
tion without hormonal stimulation (15, 16). C/EBP«
antisense mRNA blocks hormonal induced 3T3-L1
preadipocyte differentiation (17). Furthermore, ectopic
expression of PPARy and/or C/EBP« is capable to con-
vert several fibroblast cell lines and muscle cell line
into preadipocyte cell lines (18, 19). Thus, C/EBP« and
PPAR~y act synergistically to induce adipocyte gene
expression and promote adipocyte differentiation.

AAAT is an adipocyte amino acid transporter gene
previously isolated from a 3T3-L1 adipocyte cDNA li-
brary. It is preferentially expressed in 3T3-L1 adipo-
cytes and also in mouse adipose tissue (20). The ex-
pression of AAAT is induced during 3T3-L1
preadipocyte differentiation process. To understand
AAAT gene expression regulation, we isolated and an-
alyzed the promoter region of AAAT genomic gene. In
the present paper, we report that a proximal Spl-like
GC rich cis-element is a crucial motif for activating
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AAAT gene expression during differentiation induc-
tion. Site-directed mutations in this GC-rich motif in-
activate its promoter function.

MATERIALS AND METHODS

Materials. [*H]Acetyl-CoA and Poly(dI-dC) (dI-dC) were from
Amersham-Pharmacia Biotech. G418 was from Gibco BRL. pCAT-
basic and pCATpromoter 3 vectors were from Promega.

Cell culture. The 3T3-L1 preadipocytes were cultured in Dulbec-
co's modified Eagle’s medium (DMEM) supplemented with 10% calf
serum and allowed to reach confluence. Differentiation of two-day
post-confluent preadipocytes (designated as day 0) was initiated with
1 pg/mlinsulin, 1 M dexamethasone (DEX) and 0.5 mM 3-iso-butyl-
1-methylxanthine (MIX) in DMEM supplemented with 10% fetal
bovine serum (21, 22). After 48 h (day 2), the culture medium was
replaced with DMEM supplemented with 10% fetal bovine serum
and 1 pg/ml insulin for additional 48 h, and the cells were then fed
every other day with DMEM containing 10% fetal bovine serum. The
cytoplasmic triglyceride droplets are visible by day 4 and the cells are
fully differentiated by day 6.

Isolation and analysis of genomic clones. 5’ 560 bp of AAAT
cDNA fragment (20) was labeled with [a-*P]dATP by random-
priming method (23), and then used to screen ~1.5 million phage
plaques of a genomic DNA library constructed in AEMBL3 cloning
vector containing inserts of approximately 20 kb from Sau3A partial
digested 3T3-L1 DNA (11). The hybridization was carried out in 25%
formamide, 4X SSC, 1X Denhardt’s solution, 1% SDS, 50 mM so-
dium phosphate, pH 7.0, 0.5 mg/ml sodium pyrophosphate, and 50
rg/ml denatured and fragmented ssDNA at 42°C overnight and the
membranes were washed in 1X SSC and 0.1% SDS at 50°C twice and
55°C once. Seven positive clones were isolated. A positive clone with
a 16-kb insert containing the longest 5’ upstream region was used for
further studies. The 16-kb insert of isolated A phage was digested
with EcoRI and then cloned into pBluescript. Each EcoRI restriction
fragment was further digested with restriction enzymes to generate
a set of subclones. Exons were identified by Southern analysis of
these subclones using different fragments of AAAT cDNA as probes.
The borders of intron-exon were determined by sequencing the exon-
containing subclones. The 5’ upstream flanking sequence was deter-
mined by sequencing a 1.9-kb EcoRV-Smal fragment.

Isolation of RNA and primer extension analysis. Total RNA was
isolated from non-differentiated 3T3-L1 preadipocytes (day 0) and dif-
ferentiated adipocytes (day 6) by the guanidine isothiocyanate method
(24). A synthetic oligonucleotide (5'-CGAGCGTTTCGGGCTCTGG-3’
designated TA) which is complementary to nucleotides 104-122 of the
cDNA sequence was end-labeled by [y-**P]JATP (5000 Ci/mmol) and T4
polynucleotide kinase to a specific activity of 4.5 X 10 cpm/ug. RNA
sample (6 ug of total RNA) and 6 X 10° cpm of **P-labeled TA oligonu-
cleotide primer (13 ng) were annealed at 65°C for 45 min followed by
45°C for 45 min in buffer containing 50 mM Tris—HCI, pH 8.3, 75 mM
KCI, and 3 mM MgCl,. After cooled down to room temperature, the
extension reaction was started by addition of a mixture to give final
concentrations of 50 mM Tris—HCI, pH 8.3, 75 mM KCI, 3 mM MgCl,,
10 mM DTT, 500 uM dNTPs, and 100 units RNase H™ reverse tran-
scriptase (SuperScriptll, Gibco BRL). The reaction mixture was incu-
bated at 37°C for 5 min and 42°C for 1 h; and was terminated by heating
at 70°C for 15 min. The DNA was obtained by ethanol precipitation and
analyzed by 6% polyacrylamide sequencing gel. To obtain the length of
the primer extension reaction product, DNA fragment containing the
first exon was sequenced by the labeled TA oligonucleotide primer using
Sanger’s dideoxynucleotide method (25).

Nuclear extracts and DNase | footprinting. Nuclear extracts from
3T3-L1 cells were prepared using urea extraction method. 3T3-L1
cell monolayers were washed twice with cold PBS and once with
hypotonic lysis buffer containing 20 mM Tris—HCI, pH 7.5, 10 mM
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NaCl, 3 mM MgCl,, 1 mM DTT, 1 mM sodium vanadate, 30 mM
B-glycerol phosphate and 2 ul/ml protease inhibitors cocktail 1 and 2
(PIC 1 and 2) (26). Cells were then scraped from plate into the same
hypotonic buffer and incubated on ice for 5 min. NP-40 was added to
the cell suspension to a final concentration of 0.1% for preadipocytes
and 0.15% for adipocytes. After homogenizing the cells, nuclei were
pelleted by centrifuging at 500g for 5 min. The nuclear pellet was
then washed once with hypotonic buffer and once with nuclear stor-
age buffer containing 40% glycerol, 50 mM Tris—HCI, pH 8.0, 3 mM
MgCl,, 1 mM DTT, 1 mM sodium vanadate, 30 mM B-glycerol phos-
phate and 2 pl/ml PIC 1 and 2. The washed nuclei were pelleted by
centrifugation at 6000g for 20 s and resuspended in 10 pellet vol-
umes of extraction buffer containing 1.1 M urea, 0.33 M NacCl, 1.1%
NP-40, 17.5 mM Hepes, pH 7.6, 1.1 mM DTT, 1 mM sodium vana-
date, 30 mM B-glycerol phosphate and 2 ul/ml PIC 1 and 2. After
incubated on ice for 30 min, the mixture was centrifuged at 12,0009
for 10 min. The supernatant was collected and glycerol was added to
final concentration of 10%. The nuclear extract was aliquoted, quick-
frozen and stored at —80°C. The protein concentration of the nuclear
extract was determined by Lowry method.

DNase | footprinting was carried out as described before (10).
AAAT promoter DNA (—1819 to +67) was fragmented by restriction
enzymes or BAL-31 exonuclease digestion into suitable length
(—1819 to —1443, —1443 to —1116, —1116 to —716, —843 to —455,
—475 to +67, —372 to +67 and —182 to +67). To label DNA for
footprinting assay, plasmid containing the targeted DNA fragment
was digested with appropriate restriction enzyme(s) and labeled by
fill-in method to specific activity of 1.0 X 10’ cpm/ug. One-end la-
beled DNA fragment was obtained by digesting the DNA with a
second restriction enzyme and purified by polyacrylamide gel elec-
trophoresis. In each DNase | digestion reaction, 6 ng labeled DNA
fragment was mixed with 5 ug Poly(dl-dC) (dI-dC) and nuclear
extract in 20 mM Hepes, pH 7.4, 5 mM DTT, 1 mM MgCl,, and 60
mM KCI, incubated on ice for 20 min and digested with appropriately
diluted DNase | for 60 seconds. The DNA was analyzed on 6%
polyacrylamide sequence gel. The protein binding site(s), which was
protected from the DNase | digestion, was identified by sequencing
the labeled DNA fragment using Maxam-Gilbert chemical cleavage
sequencing reactions (27).

Construction and transfection of chimeric promoter-CAT gene vec-
tor. The 1.9-kb (—1819 to +67) EcoRV-Smal fragment of the AAAT
gene promoter was inserted into promoter-less pCATbasic vector to
make a chimeric promoter—-CAT reporter vector, p-1819CAT. This
vector was then digested with nuclease BAL-31 to generate a series
of 5’ deletions from which p-372CAT, p-182CAT, p-91CAT, and
p-55CAT vectors were made. Fine deletions within —74 and site-
directed mutations in —74 to +67 promoter were made by PCR with
mutated primers; and all the mutants were confirmed by sequencing.
pP1-CAT vector was constructed by inserting P1 oligonucleotide,
corresponding to the promoter sequence from —65 to —46, into
pCATpromoter vector. To make stably transfected 3T3-L1 cells a Neo
resistant gene was inserted into these chimeric promoter-CAT vec-
tors.

Chimeric promoter—CAT vectors and control pCAT vector were
transfected into 30% confluent low passage 3T3-L1 preadipocytes to
make stably transfected cell lines by the calcium phosphate precip-
itation method (28). Briefly, 20 ug CAT reporter vector DNA in 250
mM CaCl, solution was added to equal volume NaCl-Hepes—
Na,HPO, solution (280 mM NacCl, 50 mM Hepes, pH 7.12, and 1.5
mM Na,HPO,) to form DNA-calcium phosphate coprecipitate and
the mixture was added directly to the culture medium. After 8 h at
37°C in CO, incubator, cells were shocked with 10% dimethyl
sulfoxide—PBS for 3 min and then returned to incubator for 24 h in
DMEM containing 10% calf serum. G418 was added to select the
Neo-resistant cells. The antibiotic resistant foci were pooled and
propagated to make stable cell line for CAT activity analysis.

Chloramphenicol acetyltransferase (CAT) assay. The cells of each
stably transfected cell line were plated into 3.5-cm plates at 2 X 10*
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cell/plate and cultured as described for normal 3T3-L1 cells. After
reaching 2-day postconfluence, the cells were subjected to differen-
tiation induction protocol. At indicated times during differentiation
process, cells were harvested for CAT analysis.

The CAT assay followed the protocol developed by Neumann et al.
(29). Cell monolayers were washed twice with PBS and overlaid with
TEN buffer (40 mM Tris—HCI, pH 7.5, 1 mM EDTA, and 150 mM
NaCl) at room temperature for 5 min. The cells were scraped, pel-
leted by microfuging and resuspended in 0.1 mM Tris—HCI, pH 7.8.
After three cycles of freeze/thaw, supernatant was collected by mi-
crofuging the mixture for 10 min. The collected supernatant was
then incubated at 70°C for 15 min followed by at room temperature
for 5 min. The precipitated proteins were removed by microfuging
the heat-treated supernatant for 10 min. One hundred and fifty
micrograms of the clarified supernatant was mixed with 50 ul of the
CAT assay reaction mixture containing 0.1 M Tris—HCI, pH 7.8, 1.5
mg/ml chloramphenicol, 0.2 uCi [°H]acetyl-CoA and 250 uM acetyl-
CoA in a liquid scintillation vial and carefully overlaid with 4 ml
scintillation fluid. The reaction was counted for 10 cycles over 6 to
10 h. The CAT activity was calculated from the linear rate of acetyl-
chloramphenicol formation and the results were normalized to
3.5-cm plate.

RESULTS AND DISCUSSION

Analysis of AAAT gene genomic clone. From total of
7 isolated positive clones, a clone containing 16 kb
genomic DNA insert, which has the longest 5’ up-
stream region of AAAT gene was purified and the
EcoRlI digested fragments (5, 8, and 3 kb) of this insert
were subcloned into plasmid vector for further charac-
terization. Three exons were identified in this 16-kb
genomic DNA fragment by restriction enzyme mapping
and Southern blot analysis; and the intron-exon
boundaries were determined by sequencing. Two ex-
ons, 1110 and 134 bp, respectively, were in an 8-kb
fragment and the third one, only 160 bp, was in a 3-kb
fragment. Southern blot analysis of 3T3-L1 cell
genomic DNA digested with EcoRI indicated that there
were an 8- and a 7-kb EcoRI fragments hybridized by
AAAT total cDNA probe and the 3’ 0.9-kb cDNA probe
(from 1865 to 2720, Ref. 20) hybridized only the 7-kb
fragment (results not shown). Thus, it is likely that the
3-kb fragment from A phage insert is part of the 7-kb
DNA.

To determine the transcription initiation site, primer
extension assay was carried out using a primer com-
plement to AAAT cDNA sequence from 104 to 122 (20).
As shown in Fig. 1B, the primer extended bands were
about 130 bp long, and RNA sample of adipocyte pro-
duced much stronger bands than RNA of preadipocyte.
tRNA sample did not produce any detectable band. The
transcription initiation site was determined by com-
paring the primer extended product with DNA se-
guencing which used the same primer. The result was
summarized in Fig. 1A. A putative TATA box sequence,
TTTAAT, was found at —22 bp and the cDNA sequence
previously reported (20) started at +11. The 1.9-kb
EcoRV-Smal fragment contained a 1819-bp 5" up-
stream flanking region and 67 bp untranslated cDNA
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sequence upstream of Smal site was isolated and used
for promoter analysis (Fig. 1A).

DNase | footprinting analysis of AAAT gene 5’ flank-
ing sequence. To determine the potential regulatory
DNA elements in AAAT gene promoter, DNase | foot-
printing analysis was conducted to find protein binding
sites. Nuclear extracts from 3T3-L1 adipocytes and
preadipocytes were used to carry out DNase | foot-
printing analysis. Six DNase | protected sites were
identified in the 1.9-kb AAAT promoter DNA (—1819 to
+67) with 3T3-L1 adipocyte nuclear extract (Fig. 2).
These DNase | protected sites were clustered in two
regions. Two sites, —1272 to —1249 and —1017 to
—1002, were located relatively far away from the tran-
scription initiation site (Figs. 2A and 2B). The —1272
to —1249 site appeared to be protected by nuclear
extracts from both 3T3-L1 preadipocytes and adipo-
cytes, while the —1017 to —1002 site appeared to be
more adipocyte specific. The other four sites were lo-
cated in the proximal promoter region (Figs. 2C-2E).
The sites at —259 to —234, —222 to —200 and —68 to
—26 were protected only by the nuclear extract of
3T3-L1 adipocytes. The site at —146 to —121 was pre-
dominantly protected by adipocyte nuclear extract and
to some extends by preadipocyte nuclear extract as
well. Within the —1819-bp promoter region, no DNase
I footprinting site was found only protected (or predom-
inantly protected) by nuclear extract of preadipocyte.
All six footprinting sites were preferentially protected
by nuclear extract of adipocyte. Thus, AAAT promoter
was unlikely to be activated by de-repression during
differentiation induction. Sequence comparison of
these sites with database of transcription factor recog-
nition sites revealed that the site at position —222 to
—200 was for transcription factor NF-1. Sequence ho-
mologous to the complement sequence of GC box/SP1-
binding site was found in the footprinted region at
—259 to —234, —146 to —121 and —68 to —26, while
the footprinted region at —258 to —234 also contained
a C/EBP site. A notable aspect for the site at position
—68 to —26 is that it has two repeat sequences,
CCTCCGCCTTTTCAAGTCCCGCCCTCCGCTTTTT-
CAAGTC.

Functional analysis of AAAT promoter by activating
CAT reporter gene expression during 3T3-L1 cell differ-
entiation induction. To identify which of these
protein-binding sites were essential for differentially
inducing AAAT expression during 3T3-L1 preadipo-
cytes differentiation, DNA fragments of AAAT pro-
moter with a series of 5’-deletion or site-directed mu-
tations were inserted into promoter-less pCATbasic
vector. These AAAT promoter CAT reporter chimeric
vectors were stably transfected into 3T3-L1 preadipo-
cytes, and CAT activity in these stable cell lines dur-
ing differentiation induction was measured (Figs. 3A
and 3B).
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FIG. 2. DNase | footprinting sites in AAAT gene promoter. The DNase | footprinting assay was described under Materials and Methods.
Six protein-binding sites were identified within —1819 AAAT promoter. Two were in distal promoter region: (A) —1272 to —1249 and (B)
—1017 to —1002. Four were in proximal promoter region: (C) —259 to —234 and —222 to —200, (D) —146 to —121 and (E) —68 to —26. D6
indicates the nuclear extract prepared from day 6 differentiated 3T3-L1 adipocytes and DO indicates the nuclear extract from day 0 3T3-L1
preadipocytes. The numbers (0, 5, 10 ug, etc.) indicate the amount of nuclear extract proteins used in the reaction. Maxam-Gilbert chemical
cleavage sequencing reaction was used to determine the DNase | protected positions.

Previously, we have reported that the expression of CAT activities in stable cell lines transfected with
AAAT mRNA is dramatically induced after the differ- p-1819CAT, p-372CAT, p-182CAT, or p-91CAT vector
entiation induction in 3T3-L1 cells, although it has a were also relatively low before induction, but they went
low basal expression level in preadipocyte (20). This up dramatically after stimulation by differentiation
prompts us to investigate the promoter region impor- inducers. The increase of CAT activity in these cell
tant for the inducible promoter activity not for the low lines after hormonal induction was 10- to 25-fold over
basal activity. To identify the inducible promoter re- the non-stimulated basal level. Although there were
gion, we compared the CAT activities before and after some variations of basal CAT activities and induced
differentiation induction in the same promoter-CAT CAT activities between these stable cell lines, the re-
vector stably transfected cell line. If the cell line shows sponse of their promoter constructs during differenti-
an increased CAT activity after differentiation induc- ation induction was similar.
tion, it indicates that the promoter construct contains The CAT activity induced by —1819 promoter con-
the inducible DNA element. Otherwise, the promoter struct started on day 2 after differentiation induction;
construct is inactive no matter how much basal pro- and the high CAT activity was maintained through the
moter activity it has. Therefore, all the comparisons differentiation process. This CAT expression pattern
were made within the same promoter-CAT construct mimicked the endogenous AAAT gene expression. (Ta-
and the same stably transfected cell line. This elimi- ble 1). It appears that this —1819 promoter region
nates all the variations caused by different cell lines or includes most of the cis DNA elements important for
vector constructs. As shown in Table 1, cell lines trans-  differentially induced AAAT gene expression. Similar
fected with pCATbasic, p+1CAT or p-55CAT vector all results were observed with the —3.3-kb AAAT pro-
had relatively low CAT activity. The most important moter reporter vector (results not shown). However,
point is that the CAT activities in these cell lines did the CAT activity induced by —372, —182, or —91 pro-
not respond to the stimulation of differentiation induc- moter construct was only transiently increased during
ers. They remained at relatively low level both before differentiation induction. Their CAT activity levels fell
and after the differentiation induction. In contrast, the down in terminally differentiated adipocytes. This phe-

FIG. 1. Structure and sequence of AAAT gene 5’ upstream flanking region and the transcriptional initiation site. (A) The sequence of 5
untranscribed flanking region of AAAT genomic gene and part of the first exon from —1819 to +130. The underlined sequences indicate the
DNase | protected sites identified in Fig. 2. A putative TATA box was in bold face letter at position —22 to —17. The transcription initiation
site was indicated as position +1. Primer extension analysis was conducted using TA primer. (B) Result of primer extension analysis. Lane
1 was yeast tRNA, lane 2 was total RNA from day 0 3T3-L1 preadipocytes and lane 3 was total RNA from day 6 adipocytes. Lanes labeled
ACTG were the sequencing analysis of the first exon using the same labeled TA primer. The big arrow points the transcription initiation site
and the small arrow points the direction of transcription.
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B

Wt CTCCGCCTTTTCAAGTCCCGCCCTCCGCTTTTTCAAGTCACGCCCCTCCGCCTTTAAT——-t0 +67
M1 CTCCGCCcccgtggaTCCCGCCCTCCGCTTTTTCAAGTCACGCCCCTCCGCCTTTAAT--~t0o +67
M2 CTCCGCC-————=—— TCCCGCCCTCCGCTTTTTCAAGTCACGCCCCTCCGCCTTTAAT---to +67
M3 CTCCGCCTTTTCAAGTCCCGCCCTCCGCTceccgtggaTCACGCCCCTCCGCCTTTAAT-~~t0o +67
M4 CTCCGCCTTTTCAAGTCCCGCCCTCCGCT———————— TCACGCCCCTCCGCCTTTAAT---to +67
M5 CTCCGCCTTTTCAAGTCaataCCTCCGCTTTTTCAAGTCACGCCCCTCCGCCTTTAAT-—-to +67
M6 CTCCGCCTTTTCAAGTC----CCTCCGCTTTTTCAAGTCACGCCCCTCCGCCTTTAAT---to +67
M7 CTCCGCCTTTTCccagCCCGCCCTCCGCTTTTTCAAGTCACGCCCCTCCGCCTTTAAT---to +67

FIG. 3. Chimeric AAAT promoter-CAT reporter vector constructs. (A) A series of AAAT promoter fragments were inserted into
pCATbasic vector to construct the reporter vectors. Ds1, Ds2, Ps3, NF1, Ps2, and Ps1 were six DNase | protected sites found in —1819 AAAT
promoter. The promoter DNA fragments in chimeric vectors were started from the positions indicated and ended at +67 Smal site. (B)
Site-directed mutations were introduced into —74 to +67 promoter; and these mutated promoters were then inserted into pCATbasic vector.
A Neo-resistant gene was inserted into these vectors to give a selection marker. Stable cell lines harboring these reporter vectors were made

by transfecting 3T3-L1 preadipocytes.

nomenon was observed in all of these short promoter
vectors transfected stable cell lines. These results sug-
gested that some important cis-elements might locate
in the promoter region between —1819 to —372, which
is important for sustaining AAAT expression in adipo-
cyte. However, these potential cis-elements could only
be functional in the presence of the proximal cis-
element Ps1 (—68 to —26). Without this proximal cis-
element, —1819APsl promoter, containing all the
other cis-elements, was inactive in response to induc-
ers’ stimulation (Table 1).

From these CAT activity analysis, the border of min-
imum functional inducible promoter was determined
in position between —91 and —55, since p-91CAT vec-
tor transfected cells exhibited markedly increased CAT
activity after induction while p-55 CAT transfected
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cells did not. The inducible cis-element was most likely
the Psl site, which is located in the position of —68 to
—26 (Fig. 1A). The result from p-1819APs1CAT (—1819
to +67 with deletion between —70 to —26) confirmed
the role of Ps1 site in activating gene expression after
differentiation induction. It also indicated that the
presence of Psl site was required for sustaining the
gene expression in terminally differentiated adipocyte,
even though itself was not enough to maintain the gene
expression in adipocyte.

To find the core sequence of cis-element within this
Ps1 site, promoter-CAT vectors with fine deletions and
site-directed mutations were constructed and stably
transfected into 3T3-L1 preadipocytes (Fig. 3B); and
their ability to induce CAT expression was tested. To
clarify the CAT analysis results, all the CAT activities
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TABLE 1

CAT Activity Induced by the AAAT Promoter in Stably Transfected 3T3-L1 Cells
during the Differentiation Induction Process

Day 0 Day 1 Day 2 Day 3 Day 4 Day 6
pCATbasic 12+02 24 +05 3.8+0.8 44 =04 40=1.0 42+ 0.6
p+1CAT 0.6 0.2 1.3*0.3 19+04 0.8*0.1 21*05 1.0x0.1
p-55CAT 08*0.1 1.2*0.2 16 04 21+04 3.6+0.2 3.3+03
p-91CAT 22*+02 42.7 = 6.6 50.9 £ 8.1 29.8 + 3.2 5.8*+0.9 45+1.0
p-182CAT 6.5*05 455 5.0 47.8 £3.2 33.8£45 7.3*x20 74=x20
p-372CAT 7.6 =03 51.7 + 3.0 71.8 = 10.6 51.8 + 4.9 246 2.1 13.2 =47
p-1819CAT 18+0.2 29*+16 9.9 =*20 94+11 19.6 = 2.0 54.6 + 4.8
p-1819 APS1CAT 12+0.1 1.1=*0.2 22*03 3.4+0.2 0.6 +0.1 1.3*0.2
AAAT mRNA?® 0.16 0.14 1.40 2.10 2.90 2.40

Note. The CAT activity was expressed in picomoles per hour of acetyl-chloramphenicol formation. For each vector, three independent stable
transfections were carried out and three stable cell lines were obtained. All three stable cell lines exhibited similar CAT activity expression
patterns during differentiation induction. The results in this table were averages of three samples from one stable cell line.

® The amount of mMRNA was expressed as relative density determined by scanning the Northern blot film with a densitometer.

from these mutated promoter vectors were subtracted
by corresponding CAT activities from pCATbasic vec-
tor. As shown in Table 2, all constructs with promoters
longer than —65 could induce the CAT expression dur-
ing the differentiation induction. Shorter than that,
the promoters were inactive, i.e., CAT activities re-
mained at basal level during the entire differentiation
induction process. In addition, CAT expression analy-
sis of mutated promoters indicated that the two re-
peated sequences were functionally different. Substi-
tution (M1) or deletion (M2) in the first repeat largely
inactivated the promoter, while substitution (M3) or
deletion (M4) in the second repeat had no effect on the
promoter activity (Fig. 3B and Table 3). Based on these
results, it was concluded that the sequence of DNA
cis-element essential for the inducible promoter activ-
ity is around —65 to —46, TTCAAGTCCCGCCCTC-
CGCT.

TABLE 2

CAT Activity Induced by the Fine-Deleted AAAT Promoter
in Stably Transfected 3T3-L1 Cells during the Differentia-
tion Induction Process

Day 0 Day 1 Day 2 Day 3 Day 4 Day 6
p-74CAT 0.4 14.1 25.6 23.8 12.6 7.0
p-69CAT 2.8 5.2 24.0 18.2 115 7.5
p-65CAT 0.6 18.5 245 16.4 3.2 2.8
p-63CAT — 0.8 1.0 0.4 0.2 —
p-62CAT — — 0.1 0.6 — —

TRANSFAC database search reveals that this se-
guence contains two potential transcription factor
binding sites: a sequence from —-65 to —58, 5'-
TTCAAGTC-3', is almost the same to Nkx-2.5 binding
motif, which is 5'-TTCAAGTG-3'; and a sequence from
—60 to —51, 5'-GTCCCGCCCT-3', is closely related to
the Spl motif, 5'-GGGGCGGGGC-3'. Based on this
information, mutations in these two sequences were
made (Fig. 3B). M5 and M6 were mutations in Spl-like
sequence, while M7 was mutation in Nkx-2.5 recogni-
tion sequence. CAT expression from these mutated
promoters clearly indicated that the Sp1-like sequence
is the functional cis-element as two mutants of Spl-
like sequence (M5 and M6) both inactivated the pro-
moter while mutant of Nkx-2.5 sequence (M7) had
little effect on the promoter function (Table 3).

TABLE 3

CAT Activity Induced by the Mutated AAAT Promoter in
Stably Transfected 3T3-L1 Cells during the Differentiation
Induction Process

Day 0 Day 1 Day 2 Day 3 Day 4 Day 6
wt 0.4 14.1 25.6 23.8 12.6 7.0
M1 —= — 0.3 0.2 0.6 0.3
M2 — 0.3 — 0.5 0.4 0.3
M3 0.6 11.6 15.6 12.0 7.0 1.6
M4 1.0 3.0 23.0 17.2 9.6 2.0
M5 — 0.4 0.3 — 0.1 0.7
M6 0.1 0.3 0.2 — 0.5 —
M7 2.2 12.8 31.2 28.0 2.6 4.0

Note. The CAT activity was expressed in picomoles per hour of
acetyl-chloramphenicol formation. CAT activity from the promoter-
less pCATbasic vector transfected cell was used as basal activity and
subtracted from each CAT analysis sample. The results in this table
were averages of two samples from one stable cell line. Transfections
and CAT analysis were repeated once to confirm the observation.

# — indicates that the CAT activity from this cell line is less than
that of pCATbasic control at the corresponding time point.
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Note. The CAT activity was expressed in picomoles per hour of
acetyl-chloramphenicol formation. CAT activity from the promoter-
less pCATbasic vector transfected cell was used as basal activity and
subtracted from each CAT analysis sample. The results in this table
were averages of two samples from one stable cell line. Transfections
and CAT analysis were repeated once to confirm the observation.

® — indicates that the CAT activity from this cell line is less than
that of pCATbasic control at the corresponding time point.
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FIG. 4. CAT expression induced by P1 cis-element during
3T3-L1 cell differentiation process. (A) CAT reporter vectors. P1
oligonucleotide was inserted into pCATpromoter vector. A neo resis-
tant gene was constructed into the vectors for selection. (B) Stable
cell lines transfected with pCATpromoter or pP1-CAT promoter vec-
tor were obtained and subjected to differentiation induction protocol.
The CAT expression during differentiation process was measured.
The CAT activity is measured as picomoles per hour of acetyl-
chloramphenicol formation.

CAT expression induced by P1 DNA element. All
the results indicated that Spl-like sequence was the
essential cis DNA motif. An oligonucleotide named P1,
corresponding to —65 to —46, was inserted into CAT
promoter vector to test if P1 element was also sufficient
for promoter function. Compared with pCATpromoter
control vector, P1 sequence did not affect the CAT
expression level before differentiation induction. It in-
creased the CAT activity expression only after differ-
entiation induction (Fig. 4). Similar to the previous
CAT analysis with AAAT promoter constructs, the P1
sequence induced CAT activity was decreased in the
differentiated 3T3-L1 adipocytes. Nevertheless, com-
pared to pCATpromoter control, P1 element signifi-
cantly increased CAT expression from the vector dur-
ing early differentiation induction. Based on this
result, P1 DNA element is at least partially sufficient
for the AAAT promoter.

In summary, our present work has demonstrated
that a Spl-like cis-element is the important motif for
AAAT gene differential expression. This Sp1-like motif
is sufficient for AAAT promoter to induce gene expres-
sion during early differentiation induction. No DNA
motif similar to recognition sequence by transcription
factors belonging to C/EBP or PPAR families was found
essential for AAAT promoter function. The present
study suggested that Spl family transcription factors
might be involved in the regulation of adipocyte spe-

98

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

cific gene expression during adipocyte differentiation
induction.
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