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and a Sp1-like GC rich motif suppresses fatty acid
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It was identified that a Sp1-like cis-element in the
dipocyte amino acid transporter gene (AAAT) pro-
oter is the major cis-motif for its induced expression

uring the 3T3-L1 preadipocyte differentiation pro-
ess. Electrophoretic mobility shift analysis of this cis
NA element showed that the transcription factors
inding to this sequence were Sp1 and Sp3. Protein
nalysis of Sp1 and Sp3 in nuclear extracts from
T3-L1 cells at various differentiation stages indicated
hat these two transcription factors existed in nonin-
uced 3T3-L1 preadipocytes, but they did not bind to
he AAAT promoter element with high affinity. They
ere activated after differentiation induction. It was

urther demonstrated that dephosphorylation of Sp1
ncreased its binding affinity to this inducible AAAT
romoter element. © 2000 Academic Press

Key Words: adipocyte differentiation; Sp1; Sp3;
mino acid transporter; 3T3-L1 adipocyte; Sp1
ephosphorylation.

Sp1 is a zinc finger type of transcription factor,
hich binds to GC box in gene promoter (1). Sp3, often
inding to the Sp1 site, is a member of Sp transcription
actor family. Sp1 has traditionally been thought to be
mportant in activating constitutively expressed genes.

any recent findings have indicated that Sp1 also
articipates in regulation of many tissue-specific or
nducible genes expression (2–9). Compared to Sp1, the
unction of Sp3 is less clear. It could be either activator
r a repressor depending on gene promoters (10–12).
here is also report that Sp3 plays a repressive role by
ompeting with Sp1 for the binding site (13). The role
hat Sp1 and Sp3 play during adipocyte differentiation
nduction is not clear. It has been reported that Sp1
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ynthase gene expression in adipocytes of lean rat but
ot obese rat (3). Another study has indicated that Sp1
ay be negatively involved in the C/EBPa gene expres-

ion in 3T3-L1 preadipocyte (14). Beside these reports,
p1 is also indicated to activate acetyl-CoA carboxylase
ene in 30A5 preadipocyte (2, 15). Thus, Sp1 functions
s either a repressor or an activator in expression
egulation of these adipogenic genes.
Our previous study indicated that the major cis pro-
oter element of AAAT gene, an adipocyte amino acid

ransporter preferentially expressed in 3T3-L1 adipo-
yte and in mouse adipose tissue (16), is a GC-rich
p1-like motif. Mutation or deletion of this cis-element

ead to completely inactivation of the differentially in-
ucible promoter function. To understand the trans-
ctivator for AAAT promoter, we analyzed the proteins
ound to this cis promoter element. In the present
aper, we report that transcription factors Sp1 and Sp3
re the major trans-activators for AAAT promoter, and
heir binding to this Sp1-like cis-motif is differentially
nduced. In addition, dephosphorylation of Sp1 in-
reases the binding of Sp1 to this DNA motif in AAAT
ene promoter.

ATERIALS AND METHODS

Materials. Poly(dI–dC) (dI–dC) was from Amersham–Pharmacia
iotech. Anti-Sp1 and Sp3 antibodies were from Santa Cruz Biotech-
ology.

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 (17, 18). 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.



Nuclear extracts and electrophoretic mobility shift and supershift
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nalysis. Nuclear extracts from 3T3-L1 cells were prepared using
rea extraction method. 3T3-L1 cell monolayers were washed twice
ith cold PBS and once with hypotonic lysis buffer containing 20 mM
ris–HCl, pH 7.5, 10 mM NaCl, 3 mM MgCl2, 1 mM DTT, 1 mM
odium vanadate, 30 mM b-glycerol phosphate and 2 ml/ml protease
nhibitors cocktail 1 and 2 (PIC 1 and 2) (19). Cells were then scraped
rom plate into the same hypotonic buffer and incubated on ice for 5
in. NP-40 was added to the cell suspension to a final concentration

f 0.1% for preadipocytes and 0.15% for adipocytes. After homoge-
izing the cells, nuclei were pelleted by centrifuging at 500g for 5
in. The nuclear pellet was then washed once with hypotonic buffer

nd once with nuclear storage buffer containing 40% glycerol, 50 mM
ris–HCl, pH 8.0, 3 mM MgCl2, 1 mM DTT, 1 mM sodium vanadate,
0 mM b-glycerol phosphate and 2 ml/ml PIC 1 and 2. The washed
uclei were pelleted by centrifugation at 6000g for 20 s and resus-
ended in 10 pellet volumes of extraction buffer containing 1.1 M
rea, 0.33 M NaCl, 1.1% NP-40, 17.5 mM Hepes, pH 7.6, 1.1 mM
TT, 1 mM sodium vanadate, 30 mM b-glycerol phosphate and 2
l/ml PIC 1 and 2. After incubated on ice for 30 min, the mixture was
entrifuged at 12,000g for 10 min. The supernatant was collected and
lycerol was added to final concentration of 10%. The nuclear extract
as aliquoted, quick-frozen and stored at 280°C. The protein con-

entration of the nuclear extract was determined by Lowry method.
Nuclear extract (2 mg) was incubated with 5 mg Poly(dI–dC) (dI–

C) in 20 ml binding buffer containing 10 mM Tris–HCl, pH 7.9, 50
M NaCl, 0.5 mM EDTA, 1 mM DTT, 10% glycerol and 5 mM MgCl2

n ice for 10 min. Approximately 1–2 3 104 cpm (0.5–1 ng) of 32P
nd-labeled double-strand oligonucleotide or DNA fragment was
dded to the preincubated nuclear extract mixture and then incu-
ated at room temperature for 20 min. DNA–protein complexes were
esolved on 4% polyacrylamide gels in 13 gel buffer (25 mM Tris–
Cl, pH 8.3, 190 mM glycine, and 1 mM EDTA). The gel was dried
nd autoradiographed. For competition experiments, usually 50- to
00-fold excess unlabeled competitor DNA was added to the reaction
ixture at the same time that the labeled DNA fragment was added.
ll the other steps were the same. For supershift experiments, 0.1 mg
p1 or Sp3 antibody was added to the reaction mixture and incu-
ated on ice for 10 min before the addition of labeled probe.
Sequences of oligonucleotide probes for EMSA are P1, 59-

TCAAGTCCCGCCCTCCGCTTT-39 corresponding to the sequence
rom 265 to 244 of AAAT promoter; Mp1, 59-TTCAAGTCaataCCTC-
GCTTT-39; Mp2, 59-TTCAAGTC–-CCTCCGCTTT-39; Mp3, 59-TTC-

cagCCCGCCCTCCGCTTT-39; and Sp1, 59-ATTCGATCGGGGCG-
GGCGAG-39.

Western immunoblots. Equal amount nuclear extracts (20 mg
rotein) prepared from 3T3-L1 cells at various differentiation stages
days 0, 2, 4, and 6) were subjected to 8% SDS–PAGE and then
ransferred to Immobilon-P membrane. The membrane was then
mmunoblotted with antibody against Sp1 or Sp3 and visualized by
CL.

Dephosphorylation of nuclear extract. Nuclear extract from non-
nduced day 0 3T3-L1 preadipocytes were prepared as described
bove except that vanadate and b-glycerol phosphate was removed
rom the buffer. Dephosphorylation reaction was carried out at 1 or

units calf intestinal alkaline phosphatase with 10 mg nuclear
xtract in EMSA reaction buffer at 30°C for 30 min and then 10 min
n ice. The EMSA reaction was as described above.

ESULTS

Analysis of proteins bound to AAAT promoter.
rom the AAAT promoter region (GenBank No.
F080267), a GC-rich Sp1-like DNA motif at position
f 265 to 246, 59-TTCAAGTCCCGCCCTCCGCTTT-39,
as identified as the major cis-element responsible for
ctivating AAAT gene during 3T3-L1 differentiation
101
AAT promoter, attempts were made to identify the
ognate trans-protein factors. To verify the specificity
f EMSA, probes of functional inducible promoter se-
uence (274 to 167), inactive promoter sequence (255
o 167, containing half of the cis-element) and pro-
oter sequence of 226 to 167 (lacking the cis-element)
ere used. As shown in Fig. 1A, only the nuclear ex-

ract from 3T3-L1 adipocytes caused significant DNA-
rotein interaction in EMSA. Little protein–DNA in-
eraction was observed with 3T3-L1 preadipocyte
uclear extract. Several trans-protein-probe complexes
ere found with labeled 274 sequence probe and adi-
ocyte nuclear extract. The EMSA pattern of 255 se-
uence probe significantly differed from that of 274
equence probe (Fig. 1A). It had only 3 strong protein–
robe complexes, which were also produced by 274
robe, but lacked those slow-moving protein-probe
omplexes found with 274 probe. 226 to 167 sequence
robe produced no protein-DNA complex at all. These
MSA results were in consistence with the results of
romoter functional analysis and DNase I footprinting
data published in another paper). They also confirmed
he observation from DNase I footprinting that only
uclear extract of adipocyte bound to this DNA region.
To ascertain the specificity of these trans-proteins,

ompetition experiment was conducted (Fig. 1B). The
roteins interacted with 255 sequence probe could be
ompeted off by excess unlabeled 255 probe or 274
robe. However, proteins bound to 274 probe could
nly be competed off by unlabeled 274 sequence, not by
55 probe. Since DNA sequence from 265 to 246 is

he cis-element, P1 oligonucleotide corresponding to
his sequence was used in competition experiment with
74 probe. As shown in Fig. 1B, unlabeled P1 oligonu-

leotide competitor was just as effective as unlabeled
74 probe. Almost all the proteins bound to 274 probe

ould be competed off by P1 oligonucleotide.
EMSA results suggested that the trans-proteins

ound to the DNA promoter region were differentially
nduced, as nuclear extract of preadipocytes did not
ind to the promoter (Fig. 1A). Investigations were
ade to determine the differentiation stage at which

hese trans-proteins were activated or induced. EMSA
sing promoter sequence probe (274 to 167) and nu-
lear extracts prepared from 3T3-L1 cells at various
ifferentiation stages showed that trans-proteins
ound to DNA probe were activated or induced imme-
iately after the hormonal stimulation for 3T3-L1
readipocyte differentiation (Fig. 1C). Nuclear extracts
rom induced 3T3-L1 cells (from day 1 to day 6) all
roduced similar protein–probe interacted complexes,
hile nuclear extract from noninduced cells (day 0) did
ot bind to the labeled probe. Since the DNA probe of
74 to 167 contained the putative TATA-box basic
romoter, a DNA probe without the TATA-box basic
romoter (274 to 226) was prepared for EMSA. The
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esult presented in Fig. 1D indicated that without the
utative TATA box, DNA probe bound fewer trans-
roteins. Nevertheless, these trans-proteins were also
ifferentially induced. These results suggested that
he activation or induction of these trans-activators
ccurred in the early differentiation induction stage.

FIG. 1. Electrophoretic mobility shift assay (EMSA) of proteins
ound to AAAT promoter. (A) EMSA with labeled AAAT promoter
robes. (32P-26) refers to 32P labeled promoter DNA fragment from
26 to 167, (32P-55) refers to DNA from 255 to 167 and (32P-74)

efers to DNA from 274 to 167. (P) indicates the nuclear extract
repared from 3T3-L1 preadipocytes (day 0 cells without induction)
nd (A) indicates the nuclear extract from 3T3-L1 adipocytes (day 6
ells after differentiation induction). (B) EMSA competition experi-
ent using 50-fold excess of unlabeled DNA probes. (32P-55) and

32P-74) refer to the labeled DNA probes, which are the same as in A.
uclear extract was from 3T3-L1 adipocytes. (2) indicates no com-
etitor DNA was added. (226), (255) and (274) indicate the com-
etitor DNA fragments, which were 226 to 167, 255 to 167 and
74 to 167. (P1) indicates P1 oligonucleotide added as competitor

referring “Experimental Procedures” for sequence). (C) EMSA with
uclear extracts prepared from 3T3-L1 cells at indicated differenti-
tion stages. (32P-74) is DNA probe. (D0) to (D6) refer to nuclear
xtracts prepared from day 0 noninduced 3T3-L1 preadipocytes (D0)
o 3T3-L1 adipocytes 6 days after differentiation induction (D6). (D)
he same EMSA as in (C) except that DNA probe is shorter. It
ontained only the Ps1 site, from position 274 to 226.
102
nducible cis-element as Sp1 and Sp3. The sequence
f the inducible cis-element P1 contains a potential
kx-2.5 binding site and a potential Sp1 binding site.
AT assay indicated that Nkx-2.5-like sequence in the
romoter was not functionally critical (data published
n another paper); nevertheless, the possibility of Nkx-
.5 as the transcription factor was not completely ruled
ut. Labeled oligonucleotide of P1, produced mobility-
hifted complexes in EMSA, while labeled Nkx-2.5
ligonucleotide (20) and 11-bp probe, 59-TTTCAA-
TCCC-39 containing only the Nkx-2.5 like sequence of

he cis-element, did not formed any protein-probe com-
lex. This was confirmed by competition assay, as pro-
eins bound to P1 probe could not be competed off by
ither unlabeled Nkx-2.5 or 11-bp probe (results not
hown). In addition, Nkx-2.5 mRNA was not detected
n 3T3-L1 adipocyte or mouse adipose tissue by North-
rn blot using Nkx-2.5 cDNA probe or RT-PCR with a
air of primers from mouse NKx-2.5 sequence (results
ot shown). Thus, transcription factor Nkx-2.5 could be
uled out.
Since Sp1-like sequence, 59-GTCCCGCCCT-39, in

he cis-element is functionally important as mutations
n this region completely inactivated the inducible pro-

oter function, proteins bound to P1 probe and Sp1
robe were compared. Results shown in Fig. 2A indi-
ated that both labeled P1 and Sp1 probes produced
he same mobility-shifted complexes in EMSA; and
hey were each other’s competitor. As transcription
actor Sp1 is first identified in HeLa cells nuclear ex-
racts from HeLa cells and 3T3-L1 adipocytes were
ompared for their binding to P1 and Sp1 probes.
gain, both P1 and Sp1 probes produced the same
rotein-probe complexes in EMSA with HeLa cell nu-
lear extract (Fig. 2B). These results suggested that
p1 is one of the transcription factors bound to P1
equence. Since Sp3, another Sp1 family transcription
actor, also recognizes Sp1-binding sequence, it is pos-
ible that Sp1 and Sp3 both bind to P1 sequence in
T3-L1 adipocytes. Using EMSA supershift with anti-
odies against Sp1 and Sp3, it was clear that both Sp1
nd Sp3 recognized and bound to this cis-element in
AAT promoter. Of the three major protein-P1 com-
lexes in EMSA, two were by transcription factor Sp3
nd the upper most complex band was by Sp1 (Figs. 3A
nd 3B).
CAT expression analysis with mutated AAAT pro-
oter showed that mutations in Sp1-like core region

nactivated the inducible promoter activity, while mu-
ation in Nkx-2.5-like region did not affect the pro-
oter function (data published in another paper).
hus, their ability to affect the binding of Sp1 and Sp3
o the promoter element was analyzed (Fig. 2C). The
esults showed that unlabeled Pm1 and Pm2 probes,
orresponding to the mutation in Sp1-like sequence
see Materials and Methods for sequences) were unable
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o compete for P1 oligonucleotide probe, while unla-
eled Pm3, corresponding to the mutation in Nkx-2.5-
ike sequence, completely competed off Sp1 and Sp3
rom P1 probe. This EMSA result is entirely consistent
ith the results of promoter functional analysis with
AT reporter gene.

Differentiation-activated binding of Sp1 and Sp3 to
1 in AAAT promoter. Northern analysis of AAAT
RNA indicates that its expression is activated during

T3-L1 cell differentiation induction and is adipocyte
pecific (16). Results from promoter analysis supported
hat AAAT promoter activity and the binding of trans-
ctivators was induced during 3T3-L1 cell differentia-
ion induction. However, Sp1 and Sp3 are ubiquitous
ranscription factors. Thus, possibilities are considered
hat Sp1 and Sp3 undergo an activation process during
T3-L1 cell differentiation process. Consistent with the

FIG. 2. Identification of transcription factor binding to AAAT p
2P-labeled P1 oligonucleotide and Sp1 binding oligonucleotide were
repared from differentiated 3T3-L1 adipocytes. (B) Comparison of
xtract. The probes were labeled P1 and Sp1 oligonucleotides. (C) E
dipocyte nuclear extract were used in EMSA. 100-fold excess u
xperiment. M5, M6 and M7 are mutated P1 oligonucleotide corres
ethods for sequences). (D) Binding of transcription factor Sp1 to P1 a

uclear extract prepared from noninduced 3T3-L1 preadipocytes; (D
tion induction; (D4) and (D6) nuclear extracts prepared from day 4
103
revious results, binding of transcription factors Sp1
nd Sp3 to P1 probe were differentially induced as
hown in Fig. 2D. To determine the change of Sp1 and
p3 protein amount during differentiation process,
estern immunoblotting analysis was conducted. The

esult indicated that Sp1 protein existed at high level
n both noninduced and induced 3T3-L1 cells (Fig. 4A).
lthough Sp3 was markedly increased in differenti-
ted cells than noninduced cells, there was still signif-
cant amount of Sp3 protein in noninduced 3T3-L1
readipocytes (Fig. 4B). Thus, it was unlikely that the
ncreased binding of Sp1 and Sp3 to AAAT promoter
as due to increased protein level of Sp1 and Sp3.

Involvement of dephosphorylation in Sp1 activation
uring differentiation induction. Since Sp1 and Sp3
roteins existed at high level in noninduced 3T3-L1
readipocytes, yet they did not bind to AAAT promoter

oter inducible cis-element as Sp1 family transcription factors. (A)
d to conduct EMSA and competition analysis. Nuclear extract was
SA using 3T3-L1 adipocyte nuclear extract and HeLa cell nuclear
A competition experiment. Labeled P1 oligonucleotide and 3T3-L1

beled oligonucleotides indicated in the figure were added in the
ding to the mutations for CAT assay (Fig. 3C and Materials and
Sp1 oligonucleotides during 3T3-L1 cell differentiation process. (D0)
uclear extract prepared from 3T3-L1 cells two-day after differenti-

lls and day 6 differentiated 3T3-L1 adipocytes.
rom
use
EM
MS
nla
pon
nd

2) n
ce



i
o
t
a
3
i
t
w
b
t
d
a
5
p
a

l
S
t
fi

D

t
a
2
t
h
P
e
g
C
r
m
d
i
s
s

(
c
a
m
s

t
3
P
a
v
F

E
3
r
(
a
p
a
c
t
p
(
t
w
w
(
E

Vol. 271, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
n high affinity. Phosphorylation or dephosphorylation
f Sp1 and/or Sp3 was considered to be involved in
heir activation. After treatment with calf intestinal
lkaline phosphatase, nuclear extract of noninduced
T3-L1 preadipocytes (day 0 cells) exhibited markedly
ncreased P1-binding activity, especially for Sp1 pro-
ein (Fig. 5A). The binding of Sp3 to labeled P1 probe
as also increased after the phosphatase treatment,
ut to a less extend than Sp1. Thus, a dephosphoryla-
ion step could be involved in the activation of Sp1
uring differentiation induction process. Western blot
nalysis confirmed this observation. As shown in Fig.
B, after dephosphorylation by calf intestinal alkaline
hosphatase, Sp1 protein changed from double-band to
single-band. Thus, the upper Sp1 protein band is

FIG. 3. EMSA supershift with anti-Sp1 and anti-Sp3 antibodies.
A) DNA probes were labeled P1 and Sp1 oligonucleotides and nu-
lear extract was prepared from 3T3-L1 adipocytes. 0.1 mg of Sp1
ntibody and/or 0.1 mg Sp3 antibody were added in EMSA. (B) One
icrogram of Sp3 antibody was added in EMSA, and the rest was

ame as in A.

FIG. 4. Western immunoblotting analysis of Sp1 and Sp3 pro-
eins in 3T3-L1 cell differentiation process. Nuclear extracts from
T3-L1 cell at several differentiation stages were subjected to SDS–
AGE and transferred to membrane. After immunoblotting with
nti-Sp1 antibody (A) or anti-Sp3 antibody (B), the proteins were
isualized with ECL. The nuclear extracts are the same as used in
ig. 6D.
104
ikely to be the phosphorylated form. The change of
p3 protein was not as significant as Sp1 protein, but
here might be some minor changes as indicated in the
gure.

ISCUSSION

Most genes induced during adipocyte differentia-
ion process, such as 422/aP2, Glut4, SDC1, OB, etc.
re trans-activated by C/EBPa and/or PPARg (21–
5), which are two most important transcription fac-
ors in adipocyte differentiation regulation. They
ave a common feature that there is C/EBPa and/or
PARg binding DNA motif in their promoters. How-
ver, AAAT gene, an adipocyte differentially induced
ene (16), did not contain a functionally important
/EBPa or PPARg binding motif in its promoter,
ather it had a functionally important Sp1-like
otif, which is responsible for its adipocyte

ifferentiation-induced expression (data published
n another paper). This implicated Sp1 family tran-
cription factors in the transcriptional regulation of
ome of the adipocyte-specific genes. In the present

FIG. 5. Activation of Sp1 and Sp3 by dephosphorylation. (A)
MSA with nuclear extracts treated with phosphatase. Day 0
T3-L1 preadipocyte nuclear extract was used in dephosphorylation
eaction. 32P-labeled P1 oligonucleotide was used as the DNA probe.
C) nuclear extract without treatment. (2) nuclear extract incubated
s in dephosphorylation reaction but without the addition of phos-
hatase. (1u) nuclear extract treated with one unit of calf intestinal
lkaline phosphatase. (2u) nuclear extract treated with two units of
alf intestinal alkaline phosphatase. (2u 1 inh) nuclear extract
reated with two units of calf intestinal alkaline phosphatase in the
resence of 1 mM sodium vanadate and 30 mM b-glycerol phosphate.
B) Western blots of nuclear extract with or without phosphatase
reatment. Noninduced day 0 preadipocyte nuclear extract treated
ith (1) or without (2) 2 units of calf intestinal alkaline phosphatase
as subjected to Western immunoblotting with anti-Sp1 antibody

Sp1) or anti-Sp3 antibody (Sp3). The proteins were visualized with
CL.
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p1 and Sp3 were the trans-activators bound to this
nducible cis-motif in AAAT promoter. Promoter
unctional analysis with CAT activity expression
uggests that binding of Sp1-like cis-motif by Sp1
nd Sp3 is only sufficient for activating the promoter
uring early differentiation induction. In differenti-
ted adipocyte, Sp1 and Sp3 still bind to the pro-
oter (Fig. 2), but they are not able to activate the

romoter. It is possible that some modification on the
p1 or Sp3 may inactivate their function in adipo-
yte. Thus, Sp1 and/or Sp3 are activated during
T3-L1 preadipocyte differentiation induction, then
ind and activate AAAT promoter. In late differen-
iation stage, their binding to the promoter is still
ssential, but is not functionally sufficient. Some
ther transcription factors may be required for acti-
ating AAAT promoter in terminally differentiated
dipocyte.
Since high level of Sp1 and Sp3 proteins exists in

T3-L1 preadipocyte, increased binding of Sp1 and
p3 to AAAT promoter after induction is likely due to
rotein activation. Our result indicates that the ac-
ivation of Sp1 might involve a dephosphorylation
tep, as treatment of noninduced 3T3-L1 preadipo-
ytes nuclear extract with calf intestinal alkaline
hosphatase significantly increased the binding af-
nity of Sp1 to P1 cis-element (Fig. 5). It is not clear
he phosphorylation state of Sp1 in preadipocyte.
he phosphatase treatment reduced Sp1 to a single
and that seems to exist before the treatment. Mul-
iple phosphorylation may be one of the reasons that
p1 did not bind to DNA with high affinity before the
hosphatase treatment. Many studies have indi-
ated that phosphorylation and dephosphorylation of
p1 regulate its DNA binding activity (15, 26 –31).
epending upon systems, phosphorylation and de-
hosphorylation of Sp1 may play a different role. In
eneral, the phosphorylation state of Sp1 is an im-
ortant regulatory modification for Sp1 activity. It
as been shown that regulation of PTPase activity
uring 3T3-L1 preadipocyte differentiation induc-
ion is important for the cell differentiation (32).
hus, the activation of Sp1 by dephosphorylation
uring differentiation induction might be related to
his PTPase activity regulation.

The role of Sp3 in AAAT gene differential expres-
ion is less clear. In our study, the binding of Sp3 are
lways accompanied by Sp1 vice versa, and they both
ere activated after the differentiation induction. It

s possible that Sp1 and Sp3 act synergistically to
ctivate AAAT promoter during differentiation in-
uction. Combining with our previous studies, it is
lear that transcription factors Sp1 and Sp3 binding
o the Sp1-like cis-element activates AAAT gene ex-
ression during 3T3-L1 cell differentiation induc-
ion. Thus, it is possible that Sp1 family transcrip-
105
ifferentiation.
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