
An SP1-like cis-Element Is the Major DNA Motif
f
o

Q
*
o

R

d
c
t
w
e
(
d
b
p
d
f
t
t
f
p
g

e

a
n
d
a
t
l
c
c
i
4
i
o
g

s
R
k

Biochemical and Biophysical Research Communications 271, 91–99 (2000)

doi:10.1006/bbrc.2000.2585, available online at http://www.idealibrary.com on
or Differential Expression Regulation
f the Adipocyte Amino Acid Transporter

ingwei Zhu,* Jiang Zhu,* and Kan Liao*,†,1

Shanghai Life Sciences Research Center and †Shanghai Institute of Biochemistry, Shanghai Institutes
f Biological Sciences, Chinese Academy of Sciences, Shanghai, China 200031

eceived March 23, 2000
a cAMP phosphodiesterase inhibitor that increases in-
t
i

c
s
a
d
C
t
c
t
t
r
c
i
a
r
t
(
s
t
a
p
e
v
i
P
e

p
b
c
p
p
A
a
t
G

Adipocyte amino acid transporter (AAAT) is induced
uring the 3T3-L1 preadipocyte differentiation pro-
ess. In the 21819-bp 5*-upstream flanking region of
he AAAT genomic gene, six DNase I protected sites
ere identified by using the 3T3-L1 adipocyte nuclear

xtract. Results of chloramphenicol acetyltransferase
CAT) expression from the chimeric AAAT promoter-
riven CAT reporter gene indicated that one protein
inding site, from 268 to 226, was essential for the
romoter activity. However, this protein binding site
oes not contain recognition sites of the transcription
actors important for adipocyte differentiation, i.e.,
he C/EBP or PPAR family. Further analysis revealed
hat the DNA sequence, TTCAAGTCCCGCCCTCCGCT
rom 265 to 246, was the cis-element essential and
artially sufficient for inducible activity of the AAAT
ene promoter. © 2000 Academic Press

Key Words: adipocyte differentiation; Sp1-like cis-
lement; amino acid transporter; 3T3-L1 adipocyte.

The major adipose tissue expansion in mammalian
nimals occurs at birth, when the adipose tissue is
eeded for the newborn to survive the periods of energy
eprivation as well as to insulate from the low temper-
ture of the environment. On the base of this adipose
issue expansion is adipocytes differentiation. Estab-
ished preadipocyte cell lines, e.g., 3T3-L1 preadipo-
ytes that can be induced to differentiate into adipo-
ytes in cell culture, provide models with which to
nvestigate the adipocyte differentiation program (1–
). When exposed to the appropriate differentiation
nducers, including IGF-1 (or insulin at a nonphysi-
logically high concentration), dexamethasone (DEX, a
lucocorticoid) and 3-isobutyl-1-methylxanthine (MIX,

1 To whom correspondence should be addressed at Shanghai In-
titute of Biochemistry, Chinese Academy of Sciences, 320 Yueyang
oad, Shanghai China 200031. Fax: 86-21-64338357. E-mail:
liao@sunm.shcnc.ac.cn.
91
racellular cAMP), 3T3-L1 preadipocytes differentiate
nto adipocytes.

Differentiated adipocyte phenotype is the result of
oordinated expression of a large number of adipocyte
pecific genes, which has been a focus for studying
dipocyte differentiation. Large body of evidence has
emonstrated that transcription factors belonging to
/EBP family and PPAR family are the key transcrip-

ion factors regulating this coordinated adipocyte spe-
ific gene expression program (1, 4–7). In these two-
ranscription factor families, C/EBPa and PPARg are
wo of the most important transcription factors for
egulating adipocyte differentiation. Most of the adipo-
yte specific genes, such as aP2/422, Glut4, SCD1, OB,
nsulin receptor, etc. have functionally critical C/EBPa
nd/or PPARg binding sites in their transcriptional
egulatory promoter regions and their expression is
ransactivated by C/EBPa both in vitro and in vivo
8–14). In addition, transgenic expression of C/EBPa is
ufficient to induce 3T3-L1 preadipocyte differentia-
ion without hormonal stimulation (15, 16). C/EBPa
ntisense mRNA blocks hormonal induced 3T3-L1
readipocyte differentiation (17). Furthermore, ectopic
xpression of PPARg and/or C/EBPa is capable to con-
ert several fibroblast cell lines and muscle cell line
nto preadipocyte cell lines (18, 19). Thus, C/EBPa and
PARg act synergistically to induce adipocyte gene
xpression and promote adipocyte differentiation.
AAAT is an adipocyte amino acid transporter gene

reviously isolated from a 3T3-L1 adipocyte cDNA li-
rary. It is preferentially expressed in 3T3-L1 adipo-
ytes and also in mouse adipose tissue (20). The ex-
ression of AAAT is induced during 3T3-L1
readipocyte differentiation process. To understand
AAT gene expression regulation, we isolated and an-
lyzed the promoter region of AAAT genomic gene. In
he present paper, we report that a proximal Sp1-like
C rich cis-element is a crucial motif for activating
0006-291X/00 $35.00
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AAAT gene expression during differentiation induc-
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ion. Site-directed mutations in this GC-rich motif in-
ctivate its promoter function.

ATERIALS AND METHODS

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

Cell culture. The 3T3-L1 preadipocytes were cultured in Dulbec-
o’s modified Eagle’s medium (DMEM) supplemented with 10% calf
erum and allowed to reach confluence. Differentiation of two-day
ost-confluent preadipocytes (designated as day 0) was initiated with
mg/ml insulin, 1 mM dexamethasone (DEX) and 0.5 mM 3-iso-butyl-
-methylxanthine (MIX) in DMEM supplemented with 10% fetal
ovine serum (21, 22). After 48 h (day 2), the culture medium was
eplaced with DMEM supplemented with 10% fetal bovine serum
nd 1 mg/ml insulin for additional 48 h, and the cells were then fed
very other day with DMEM containing 10% fetal bovine serum. The
ytoplasmic triglyceride droplets are visible by day 4 and the cells are
ully differentiated by day 6.

Isolation and analysis of genomic clones. 59 560 bp of AAAT
DNA fragment (20) was labeled with [a-32P]dATP by random-
riming method (23), and then used to screen ;1.5 million phage
laques of a genomic DNA library constructed in lEMBL3 cloning
ector containing inserts of approximately 20 kb from Sau3A partial
igested 3T3-L1 DNA (11). The hybridization was carried out in 25%
ormamide, 43 SSC, 13 Denhardt’s solution, 1% SDS, 50 mM so-
ium phosphate, pH 7.0, 0.5 mg/ml sodium pyrophosphate, and 50
g/ml denatured and fragmented ssDNA at 42°C overnight and the
embranes were washed in 13 SSC and 0.1% SDS at 50°C twice and

5°C once. Seven positive clones were isolated. A positive clone with
16-kb insert containing the longest 59 upstream region was used for

urther studies. The 16-kb insert of isolated l phage was digested
ith EcoRI and then cloned into pBluescript. Each EcoRI restriction

ragment was further digested with restriction enzymes to generate
set of subclones. Exons were identified by Southern analysis of

hese subclones using different fragments of AAAT cDNA as probes.
he borders of intron-exon were determined by sequencing the exon-
ontaining subclones. The 59 upstream flanking sequence was deter-
ined by sequencing a 1.9-kb EcoRV–SmaI fragment.

Isolation of RNA and primer extension analysis. Total RNA was
solated from non-differentiated 3T3-L1 preadipocytes (day 0) and dif-
erentiated adipocytes (day 6) by the guanidine isothiocyanate method
24). A synthetic oligonucleotide (59-CGAGCGTTTCGGGCTCTGG-39
esignated TA) which is complementary to nucleotides 104–122 of the
DNA sequence was end-labeled by [g-32P]ATP (5000 Ci/mmol) and T4
olynucleotide kinase to a specific activity of 4.5 3 107 cpm/mg. RNA
ample (6 mg of total RNA) and 6 3 105 cpm of 32P-labeled TA oligonu-
leotide primer (13 ng) were annealed at 65°C for 45 min followed by
5°C for 45 min in buffer containing 50 mM Tris–HCl, pH 8.3, 75 mM
Cl, and 3 mM MgCl2. After cooled down to room temperature, the

xtension reaction was started by addition of a mixture to give final
oncentrations of 50 mM Tris–HCl, pH 8.3, 75 mM KCl, 3 mM MgCl2,
0 mM DTT, 500 mM dNTPs, and 100 units RNase H2 reverse tran-
criptase (SuperScriptII, Gibco BRL). The reaction mixture was incu-
ated at 37°C for 5 min and 42°C for 1 h; and was terminated by heating
t 70°C for 15 min. The DNA was obtained by ethanol precipitation and
nalyzed by 6% polyacrylamide sequencing gel. To obtain the length of
he primer extension reaction product, DNA fragment containing the
rst exon was sequenced by the labeled TA oligonucleotide primer using
anger’s dideoxynucleotide method (25).

Nuclear extracts and DNase I footprinting. Nuclear extracts from
T3-L1 cells were prepared using urea extraction method. 3T3-L1
ell monolayers were washed twice with cold PBS and once with
ypotonic lysis buffer containing 20 mM Tris–HCl, pH 7.5, 10 mM
92
-glycerol phosphate and 2 ml/ml protease inhibitors cocktail 1 and 2
PIC 1 and 2) (26). Cells were then scraped from plate into the same
ypotonic buffer and incubated on ice for 5 min. NP-40 was added to
he cell suspension to a final concentration of 0.1% for preadipocytes
nd 0.15% for adipocytes. After homogenizing the cells, nuclei were
elleted by centrifuging at 500g for 5 min. The nuclear pellet was
hen washed once with hypotonic buffer and once with nuclear stor-
ge buffer containing 40% glycerol, 50 mM Tris–HCl, pH 8.0, 3 mM
gCl2, 1 mM DTT, 1 mM sodium vanadate, 30 mM b-glycerol phos-

hate and 2 ml/ml PIC 1 and 2. The washed nuclei were pelleted by
entrifugation at 6000g for 20 s and resuspended in 10 pellet vol-
mes of extraction buffer containing 1.1 M urea, 0.33 M NaCl, 1.1%
P-40, 17.5 mM Hepes, pH 7.6, 1.1 mM DTT, 1 mM sodium vana-
ate, 30 mM b-glycerol phosphate and 2 ml/ml PIC 1 and 2. After
ncubated on ice for 30 min, the mixture was centrifuged at 12,000g
or 10 min. The supernatant was collected and glycerol was added to
nal concentration of 10%. The nuclear extract was aliquoted, quick-
rozen and stored at 280°C. The protein concentration of the nuclear
xtract was determined by Lowry method.
DNase I footprinting was carried out as described before (10).
AAT promoter DNA (21819 to 167) was fragmented by restriction
nzymes or BAL-31 exonuclease digestion into suitable length
21819 to 21443, 21443 to 21116, 21116 to 2716, 2843 to 2455,
475 to 167, 2372 to 167 and 2182 to 167). To label DNA for

ootprinting assay, plasmid containing the targeted DNA fragment
as digested with appropriate restriction enzyme(s) and labeled by
ll-in method to specific activity of 1.0 3 107 cpm/mg. One-end la-
eled DNA fragment was obtained by digesting the DNA with a
econd restriction enzyme and purified by polyacrylamide gel elec-
rophoresis. In each DNase I digestion reaction, 6 ng labeled DNA
ragment was mixed with 5 mg Poly(dI–dC) (dI–dC) and nuclear
xtract in 20 mM Hepes, pH 7.4, 5 mM DTT, 1 mM MgCl2, and 60
M KCl, incubated on ice for 20 min and digested with appropriately

iluted DNase I for 60 seconds. The DNA was analyzed on 6%
olyacrylamide sequence gel. The protein binding site(s), which was
rotected from the DNase I digestion, was identified by sequencing
he labeled DNA fragment using Maxam-Gilbert chemical cleavage
equencing reactions (27).

Construction and transfection of chimeric promoter-CAT gene vec-
or. The 1.9-kb (21819 to 167) EcoRV–SmaI fragment of the AAAT
ene promoter was inserted into promoter-less pCATbasic vector to
ake a chimeric promoter–CAT reporter vector, p-1819CAT. This

ector was then digested with nuclease BAL-31 to generate a series
f 59 deletions from which p-372CAT, p-182CAT, p-91CAT, and
-55CAT vectors were made. Fine deletions within 274 and site-
irected mutations in 274 to 167 promoter were made by PCR with
utated primers; and all the mutants were confirmed by sequencing.

P1-CAT vector was constructed by inserting P1 oligonucleotide,
orresponding to the promoter sequence from 265 to 246, into
CATpromoter vector. To make stably transfected 3T3-L1 cells a Neo
esistant gene was inserted into these chimeric promoter-CAT vec-
ors.

Chimeric promoter–CAT vectors and control pCAT vector were
ransfected into 30% confluent low passage 3T3-L1 preadipocytes to
ake stably transfected cell lines by the calcium phosphate precip-

tation method (28). Briefly, 20 mg CAT reporter vector DNA in 250
M CaCl2 solution was added to equal volume NaCl–Hepes–
a2HPO4 solution (280 mM NaCl, 50 mM Hepes, pH 7.12, and 1.5
M Na2HPO4) to form DNA–calcium phosphate coprecipitate and

he mixture was added directly to the culture medium. After 8 h at
7°C in CO2 incubator, cells were shocked with 10% dimethyl
ulfoxide–PBS for 3 min and then returned to incubator for 24 h in
MEM containing 10% calf serum. G418 was added to select the
eo-resistant cells. The antibiotic resistant foci were pooled and
ropagated to make stable cell line for CAT activity analysis.

Chloramphenicol acetyltransferase (CAT) assay. The cells of each
tably transfected cell line were plated into 3.5-cm plates at 2 3 104
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eaching 2-day postconfluence, the cells were subjected to differen-
iation induction protocol. At indicated times during differentiation
rocess, 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
EN buffer (40 mM Tris–HCl, pH 7.5, 1 mM EDTA, and 150 mM
aCl) at room temperature for 5 min. The cells were scraped, pel-

eted by microfuging and resuspended in 0.1 mM Tris–HCl, pH 7.8.
fter three cycles of freeze/thaw, supernatant was collected by mi-
rofuging the mixture for 10 min. The collected supernatant was
hen incubated at 70°C for 15 min followed by at room temperature
or 5 min. The precipitated proteins were removed by microfuging
he heat-treated supernatant for 10 min. One hundred and fifty
icrograms of the clarified supernatant was mixed with 50 ml of the
AT assay reaction mixture containing 0.1 M Tris–HCl, pH 7.8, 1.5
g/ml chloramphenicol, 0.2 mCi [3H]acetyl-CoA and 250 mM acetyl-
oA in a liquid scintillation vial and carefully overlaid with 4 ml
cintillation fluid. The reaction was counted for 10 cycles over 6 to
0 h. The CAT activity was calculated from the linear rate of acetyl-
hloramphenicol formation and the results were normalized to
.5-cm plate.

ESULTS AND DISCUSSION

Analysis of AAAT gene genomic clone. From total of
isolated positive clones, a clone containing 16 kb

enomic DNA insert, which has the longest 59 up-
tream region of AAAT gene was purified and the
coRI digested fragments (5, 8, and 3 kb) of this insert
ere subcloned into plasmid vector for further charac-

erization. Three exons were identified in this 16-kb
enomic DNA fragment by restriction enzyme mapping
nd Southern blot analysis; and the intron-exon
oundaries were determined by sequencing. Two ex-
ns, 1110 and 134 bp, respectively, were in an 8-kb
ragment and the third one, only 160 bp, was in a 3-kb
ragment. Southern blot analysis of 3T3-L1 cell
enomic DNA digested with EcoRI indicated that there
ere an 8- and a 7-kb EcoRI fragments hybridized by
AAT total cDNA probe and the 39 0.9-kb cDNA probe

from 1865 to 2720, Ref. 20) hybridized only the 7-kb
ragment (results not shown). Thus, it is likely that the
-kb fragment from l phage insert is part of the 7-kb
NA.
To determine the transcription initiation site, primer

xtension assay was carried out using a primer com-
lement to AAAT cDNA sequence from 104 to 122 (20).
s shown in Fig. 1B, the primer extended bands were
bout 130 bp long, and RNA sample of adipocyte pro-
uced much stronger bands than RNA of preadipocyte.
RNA sample did not produce any detectable band. The
ranscription initiation site was determined by com-
aring the primer extended product with DNA se-
uencing which used the same primer. The result was
ummarized in Fig. 1A. A putative TATA box sequence,
TTAAT, was found at 222 bp and the cDNA sequence
reviously reported (20) started at 111. The 1.9-kb
coRV–SmaI fragment contained a 1819-bp 59 up-
tream flanking region and 67 bp untranslated cDNA
93
or promoter analysis (Fig. 1A).

DNase I footprinting analysis of AAAT gene 59 flank-
ng sequence. To determine the potential regulatory
NA elements in AAAT gene promoter, DNase I foot-
rinting analysis was conducted to find protein binding
ites. Nuclear extracts from 3T3-L1 adipocytes and
readipocytes were used to carry out DNase I foot-
rinting analysis. Six DNase I protected sites were
dentified in the 1.9-kb AAAT promoter DNA (21819 to
67) with 3T3-L1 adipocyte nuclear extract (Fig. 2).
hese DNase I protected sites were clustered in two
egions. Two sites, 21272 to 21249 and 21017 to
1002, were located relatively far away from the tran-

cription initiation site (Figs. 2A and 2B). The 21272
o 21249 site appeared to be protected by nuclear
xtracts from both 3T3-L1 preadipocytes and adipo-
ytes, while the 21017 to 21002 site appeared to be
ore adipocyte specific. The other four sites were lo-

ated in the proximal promoter region (Figs. 2C–2E).
he sites at 2259 to 2234, 2222 to 2200 and 268 to
26 were protected only by the nuclear extract of
T3-L1 adipocytes. The site at 2146 to 2121 was pre-
ominantly protected by adipocyte nuclear extract and
o some extends by preadipocyte nuclear extract as
ell. Within the 21819-bp promoter region, no DNase
footprinting site was found only protected (or predom-

nantly protected) by nuclear extract of preadipocyte.
ll six footprinting sites were preferentially protected
y nuclear extract of adipocyte. Thus, AAAT promoter
as unlikely to be activated by de-repression during
ifferentiation induction. Sequence comparison of
hese sites with database of transcription factor recog-
ition sites revealed that the site at position 2222 to
200 was for transcription factor NF-1. Sequence ho-
ologous to the complement sequence of GC box/SP1-

inding site was found in the footprinted region at
259 to 2234, 2146 to 2121 and 268 to 226, while

he footprinted region at 2258 to 2234 also contained
C/EBPb site. A notable aspect for the site at position
68 to 226 is that it has two repeat sequences,
CTCCGCCTTTTCAAGTCCCGCCCTCCGCTTTTT-
AAGTC.

Functional analysis of AAAT promoter by activating
AT reporter gene expression during 3T3-L1 cell differ-
ntiation induction. To identify which of these
rotein-binding sites were essential for differentially
nducing AAAT expression during 3T3-L1 preadipo-
ytes differentiation, DNA fragments of AAAT pro-
oter with a series of 59-deletion or site-directed mu-

ations were inserted into promoter-less pCATbasic
ector. These AAAT promoter CAT reporter chimeric
ectors were stably transfected into 3T3-L1 preadipo-
ytes, and CAT activity in these stable cell lines dur-
ng differentiation induction was measured (Figs. 3A
nd 3B).
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Previously, we have reported that the expression of
AAT mRNA is dramatically induced after the differ-
ntiation induction in 3T3-L1 cells, although it has a
ow basal expression level in preadipocyte (20). This
rompts us to investigate the promoter region impor-
ant for the inducible promoter activity not for the low
asal activity. To identify the inducible promoter re-
ion, we compared the CAT activities before and after
ifferentiation induction in the same promoter-CAT
ector stably transfected cell line. If the cell line shows
n increased CAT activity after differentiation induc-
ion, it indicates that the promoter construct contains
he inducible DNA element. Otherwise, the promoter
onstruct is inactive no matter how much basal pro-
oter activity it has. Therefore, all the comparisons
ere made within the same promoter-CAT construct
nd the same stably transfected cell line. This elimi-
ates all the variations caused by different cell lines or
ector constructs. As shown in Table 1, cell lines trans-
ected with pCATbasic, p11CAT or p-55CAT vector all
ad relatively low CAT activity. The most important
oint is that the CAT activities in these cell lines did
ot respond to the stimulation of differentiation induc-
rs. They remained at relatively low level both before
nd after the differentiation induction. In contrast, the

FIG. 1. Structure and sequence of AAAT gene 59 upstream flanki
ntranscribed flanking region of AAAT genomic gene and part of the
Nase I protected sites identified in Fig. 2. A putative TATA box wa

ite was indicated as position 11. Primer extension analysis was con
was yeast tRNA, lane 2 was total RNA from day 0 3T3-L1 preadip
CTG were the sequencing analysis of the first exon using the same l
nd the small arrow points the direction of transcription.

FIG. 2. DNase I footprinting sites in AAAT gene promoter. The D
ix protein-binding sites were identified within 21819 AAAT promo
1017 to 21002. Four were in proximal promoter region: (C) 2259

ndicates the nuclear extract prepared from day 6 differentiated 3T3
readipocytes. The numbers (0, 5, 10 mg, etc.) indicate the amount of
leavage sequencing reaction was used to determine the DNase I pr
95
AT activities in stable cell lines transfected with
-1819CAT, p-372CAT, p-182CAT, or p-91CAT vector
ere also relatively low before induction, but they went
p dramatically after stimulation by differentiation

nducers. The increase of CAT activity in these cell
ines after hormonal induction was 10- to 25-fold over
he non-stimulated basal level. Although there were
ome variations of basal CAT activities and induced
AT activities between these stable cell lines, the re-
ponse of their promoter constructs during differenti-
tion induction was similar.
The CAT activity induced by 21819 promoter con-

truct started on day 2 after differentiation induction;
nd the high CAT activity was maintained through the
ifferentiation process. This CAT expression pattern
imicked the endogenous AAAT gene expression. (Ta-

le 1). It appears that this 21819 promoter region
ncludes most of the cis DNA elements important for
ifferentially induced AAAT gene expression. Similar
esults were observed with the 23.3-kb AAAT pro-
oter reporter vector (results not shown). However,

he CAT activity induced by 2372, 2182, or 291 pro-
oter construct was only transiently increased during

ifferentiation induction. Their CAT activity levels fell
own in terminally differentiated adipocytes. This phe-

region and the transcriptional initiation site. (A) The sequence of 59
st exon from 21819 to 1130. The underlined sequences indicate the
bold face letter at position 222 to 217. The transcription initiation

cted using TA primer. (B) Result of primer extension analysis. Lane
tes and lane 3 was total RNA from day 6 adipocytes. Lanes labeled
led TA primer. The big arrow points the transcription initiation site

se I footprinting assay was described under Materials and Methods.
. Two were in distal promoter region: (A) 21272 to 21249 and (B)
234 and 2222 to 2200, (D) 2146 to 2121 and (E) 268 to 226. D6
adipocytes and D0 indicates the nuclear extract from day 0 3T3-L1

clear extract proteins used in the reaction. Maxam-Gilbert chemical
cted positions.
ng
fir

s in
du
ocy
abe
Na
ter

to 2
-L1
nu
ote
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omenon was observed in all of these short promoter
ectors transfected stable cell lines. These results sug-
ested that some important cis-elements might locate
n the promoter region between 21819 to 2372, which
s important for sustaining AAAT expression in adipo-
yte. However, these potential cis-elements could only
e functional in the presence of the proximal cis-
lement Ps1 (268 to 226). Without this proximal cis-
lement, 21819DPs1 promoter, containing all the
ther cis-elements, was inactive in response to induc-
rs’ stimulation (Table 1).
From these CAT activity analysis, the border of min-

mum functional inducible promoter was determined
n position between 291 and 255, since p-91CAT vec-
or transfected cells exhibited markedly increased CAT
ctivity after induction while p-55 CAT transfected

FIG. 3. Chimeric AAAT promoter-CAT reporter vector constr
CATbasic vector to construct the reporter vectors. Ds1, Ds2, Ps3, NF
romoter. The promoter DNA fragments in chimeric vectors were s
ite-directed mutations were introduced into 274 to 167 promoter; a
Neo-resistant gene was inserted into these vectors to give a selectio

y transfecting 3T3-L1 preadipocytes.
96
ells did not. The inducible cis-element was most likely
he Ps1 site, which is located in the position of 268 to
26 (Fig. 1A). The result from p-1819DPs1CAT (21819

o 167 with deletion between 270 to 226) confirmed
he role of Ps1 site in activating gene expression after
ifferentiation induction. It also indicated that the
resence of Ps1 site was required for sustaining the
ene expression in terminally differentiated adipocyte,
ven though itself was not enough to maintain the gene
xpression in adipocyte.
To find the core sequence of cis-element within this

s1 site, promoter-CAT vectors with fine deletions and
ite-directed mutations were constructed and stably
ransfected into 3T3-L1 preadipocytes (Fig. 3B); and
heir ability to induce CAT expression was tested. To
larify the CAT analysis results, all the CAT activities

. (A) A series of AAAT promoter fragments were inserted into
Ps2, and Ps1 were six DNase I protected sites found in 21819 AAAT
ted from the positions indicated and ended at 167 SmaI site. (B)
these mutated promoters were then inserted into pCATbasic vector.
arker. Stable cell lines harboring these reporter vectors were made
ucts
1,
tar
nd
n m
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rom these mutated promoter vectors were subtracted
y corresponding CAT activities from pCATbasic vec-
or. As shown in Table 2, all constructs with promoters
onger than 265 could induce the CAT expression dur-
ng the differentiation induction. Shorter than that,
he promoters were inactive, i.e., CAT activities re-
ained at basal level during the entire differentiation

nduction process. In addition, CAT expression analy-
is of mutated promoters indicated that the two re-
eated sequences were functionally different. Substi-
ution (M1) or deletion (M2) in the first repeat largely
nactivated the promoter, while substitution (M3) or
eletion (M4) in the second repeat had no effect on the
romoter activity (Fig. 3B and Table 3). Based on these
esults, it was concluded that the sequence of DNA
is-element essential for the inducible promoter activ-
ty is around 265 to 246, TTCAAGTCCCGCCCTC-
GCT.

CAT Activity Induced by the AAAT Pro
during the Differenti

Day 0 Day 1

CATbasic 1.2 6 0.2 2.4 6 0.5 3
11CAT 0.6 6 0.2 1.3 6 0.3 1
-55CAT 0.8 6 0.1 1.2 6 0.2 1
-91CAT 2.2 6 0.2 42.7 6 6.6 50
-182CAT 6.5 6 0.5 45.5 6 5.0 47
-372CAT 7.6 6 0.3 51.7 6 3.0 71
-1819CAT 1.8 6 0.2 2.9 6 1.6 9
-1819 DPs1CAT 1.2 6 0.1 1.1 6 0.2 2
AAT mRNAa 0.16 0.14

Note. The CAT activity was expressed in picomoles per hour of acety
ransfections were carried out and three stable cell lines were obtain
atterns during differentiation induction. The results in this table w

a The amount of mRNA was expressed as relative density determ

TABLE 2

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

Day 0 Day 1 Day 2 Day 3 Day 4 Day 6

-74CAT 0.4 14.1 25.6 23.8 12.6 7.0
-69CAT 2.8 5.2 24.0 18.2 11.5 7.5
-65CAT 0.6 18.5 24.5 16.4 3.2 2.8
-63CAT —a 0.8 1.0 0.4 0.2 —
-62CAT — — 0.1 0.6 — —

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

a — indicates that the CAT activity from this cell line is less than
hat of pCATbasic control at the corresponding time point.
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TRANSFAC database search reveals that this se-
uence contains two potential transcription factor
inding sites: a sequence from 265 to 258, 59-
TCAAGTC-39, is almost the same to Nkx-2.5 binding
otif, which is 59-TTCAAGTG-39; and a sequence from
60 to 251, 59-GTCCCGCCCT-39, is closely related to

he Sp1 motif, 59-GGGGCGGGGC-39. Based on this
nformation, mutations in these two sequences were

ade (Fig. 3B). M5 and M6 were mutations in Sp1-like
equence, while M7 was mutation in Nkx-2.5 recogni-
ion sequence. CAT expression from these mutated
romoters clearly indicated that the Sp1-like sequence
s the functional cis-element as two mutants of Sp1-
ike sequence (M5 and M6) both inactivated the pro-

oter while mutant of Nkx-2.5 sequence (M7) had
ittle effect on the promoter function (Table 3).

ter in Stably Transfected 3T3-L1 Cells
n Induction Process

y 2 Day 3 Day 4 Day 6

6 0.8 4.4 6 0.4 4.0 6 1.0 4.2 6 0.6
6 0.4 0.8 6 0.1 2.1 6 0.5 1.0 6 0.1
6 0.4 2.1 6 0.4 3.6 6 0.2 3.3 6 0.3
6 8.1 29.8 6 3.2 5.8 6 0.9 4.5 6 1.0
6 3.2 33.8 6 4.5 7.3 6 2.0 7.4 6 2.0
6 10.6 51.8 6 4.9 24.6 6 2.1 13.2 6 4.7
6 2.0 9.4 6 1.1 19.6 6 2.0 54.6 6 4.8
6 0.3 3.4 6 0.2 0.6 6 0.1 1.3 6 0.2
.40 2.10 2.90 2.40

hloramphenicol formation. For each vector, three independent stable
All three stable cell lines exhibited similar CAT activity expression
averages of three samples from one stable cell line.
by scanning the Northern blot film with a densitometer.

TABLE 3

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

Day 0 Day 1 Day 2 Day 3 Day 4 Day 6

t 0.4 14.1 25.6 23.8 12.6 7.0
1 —a — 0.3 0.2 0.6 0.3
2 — 0.3 — 0.5 0.4 0.3
3 0.6 11.6 15.6 12.0 7.0 1.6
4 1.0 3.0 23.0 17.2 9.6 2.0
5 — 0.4 0.3 — 0.1 0.7
6 0.1 0.3 0.2 — 0.5 —
7 2.2 12.8 31.2 28.0 2.6 4.0

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

a — indicates that the CAT activity from this cell line is less than
hat of pCATbasic control at the corresponding time point.
mo
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CAT expression induced by P1 DNA element. All
he results indicated that Sp1-like sequence was the
ssential cis DNA motif. An oligonucleotide named P1,
orresponding to 265 to 246, was inserted into CAT
romoter vector to test if P1 element was also sufficient
or promoter function. Compared with pCATpromoter
ontrol vector, P1 sequence did not affect the CAT
xpression level before differentiation induction. It in-
reased the CAT activity expression only after differ-
ntiation induction (Fig. 4). Similar to the previous
AT analysis with AAAT promoter constructs, the P1
equence induced CAT activity was decreased in the
ifferentiated 3T3-L1 adipocytes. Nevertheless, com-
ared to pCATpromoter control, P1 element signifi-
antly increased CAT expression from the vector dur-
ng early differentiation induction. Based on this
esult, P1 DNA element is at least partially sufficient
or the AAAT promoter.

In summary, our present work has demonstrated
hat a Sp1-like cis-element is the important motif for
AAT gene differential expression. This Sp1-like motif

s sufficient for AAAT promoter to induce gene expres-
ion during early differentiation induction. No DNA
otif similar to recognition sequence by transcription

actors belonging to C/EBP or PPAR families was found
ssential for AAAT promoter function. The present
tudy suggested that Sp1 family transcription factors
ight be involved in the regulation of adipocyte spe-

FIG. 4. CAT expression induced by P1 cis-element during
T3-L1 cell differentiation process. (A) CAT reporter vectors. P1
ligonucleotide was inserted into pCATpromoter vector. A neo resis-
ant gene was constructed into the vectors for selection. (B) Stable
ell lines transfected with pCATpromoter or pP1-CAT promoter vec-
or were obtained and subjected to differentiation induction protocol.
he CAT expression during differentiation process was measured.
he CAT activity is measured as picomoles per hour of acetyl-
hloramphenicol formation.
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nduction.
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