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ABSTRACT We have isolated and characterized a frag-
ment of the gene encoding adipose fatty acid-binding protein
(gene 422) from a 3T3-L1 adipocyte genomic library. The
5'-flanking sequence of the 422 gene contains potential regu-
latory regions for adipose-specific expression. At position -120
there is a fat-specific element that occurs in several genes
expressed as preadipocytes differentiate, and at position -393
there is a glucocorticoid regulatory element core sequence.
Chimeric constructs were prepared by ligating 858 base pairs
or 248 base pairs of 5'-flanking sequence and 22 nucleotides of
5'-untranslated sequence of the 422 gene to the bacterial gene
encoding chloramphenicol acetyltransferase (CAT); these con-
structs (A858.CAT and A248.CAT) were transfected into
3T3-L1 preadipocytes. When differentiation was initiated by
the adipogenic agents methylisobutylxanthine (a cAMP phos-
phodiesterase inhibitor), dexamethasone, and insulin, expres-
sion of both constructs increased, reaching maximal levels
within 24 hr. Both constructs were maximally induced 48 hr
before appreciable accumulation of the endogenous 422
mRNA. Expression of A858.CAT, but not of A248.CAT, was
induced by dexamethasone, which correlates with deletion of
the potential glucocorticoid regulatory element. Expression of
both constructs was induced by 8-bromoadenosine 3',5'-cycic
monophosphate, thus implicating the first 248 base pairs of
5'-flanking sequence of the 422 gene in the response to cAMP.
Indirect effects by the adipogenic factors on CAT protein or
mRNA synthesis and turnover were ruled out, since replacing
the 5'-flanking region of the 422 gene constructs with viral
promoters abolished the effects of dexamethasone and 8-
bromoadenosine 3',5'-cyclic monophosphate on CAT expres-
sion. We conclude that the first 858 base pairs of 5'-flanking
sequence of the 422 gene contains elements that mediate
activation by dexamethasone and cAMP.

Green and Kehinde (1, 2) have established several 3T3 cell
lines that differentiate into adipocytes in response to appro-
priate stimuli. The expression of adipocyte morphology by
these cells is accompanied by the specific reprogramming of
enzymatic and regulatory functions to those typical of adi-
pose cells. The accumulation of cytoplasmic triglyceride that
occurs during differentiation is correlated with a coordinate
rise in the activity of every enzyme of the pathways of de
novo fatty acid and triglyceride synthesis (3-7). In addition,
3T3 preadipocytes acquire the enzymatic capacity to mobi-
lize triglyceride (8) and respond with great sensitivity to
lipogenic (9-11) and lipolytic hormones (12). There is now
compelling evidence (13-15) that the increase in the levels of
the specific translatable mRNAs for these differentiation-
induced proteins is responsible for the observed increases in
their expression during 3T3 preadipocyte differentiation,

which in all cases thus far examined depends on increased
transcription of the corresponding genes (16-18).
We (19) and others (20, 21) have isolated a group of

cDNAs corresponding to messages whose levels are greatly
increased during adipocyte conversion. One of these
cDNAs, pAL422, encodes an adipocyte homologue of mye-
lin P2 (19). This protein (also referred to as aP2) has
sequence homology to a class of fatty acid-binding proteins
found in lipogenic tissues (19). Expression of the 422 gene is
transcriptionally activated during differentiation, leading to a
50- to 100-fold accumulation of its 0.7-kilobase (kb) mRNA
(16, 17). The complete gene has been isolated and sequenced
(22); the 422 gene contains four exons encompassing 4.5 kb
of genomic DNA. Distel et al. (23) showed that 168 base
pairs (bp) of 422 gene 5'-flanking sequence are sufficient to
drive the differentiation-dependent expression of a heterolo-
gous reporter gene in 3T3-F442A preadipocytes. Further-
more, a 28-nucleotide element was identified in this region
that inhibits the expression of the 422 gene in preadipocytes
and that appears to bind a fos-like protein.
We report here the isolation from a 3T3-L1 library, a

genomic fragment that encodes the differentially expressed
422 protein. We have sequenced the 5'-flanking region of our
genomic clone and verified the start site of transcription. In
addition, we have demonstrated that in 858 nucleotides of
the 5'-flanking region there are sequences that mediate
increased expression of a heterologous gene in 3T3-L1 cells
treated with cAMP or dexamethasone.

MATERIALS AND METHODS
Materials. Restriction enzymes, T4 DNA ligase, DNA

polymerase (Klenow fragment), the dideoxynucleotide se-
quencing kit, and calf intestinal alkaline phosphatase were
from Boehringer Mannheim or Pharmacia. Double-stranded
form ofM13 DNA and pUC vectors were from New England
Biolabs. The simian virus 40-based expression plasmids used
in this study were those described (24-26). [14C]Chloram-
phenicol, [acetyl-3H]acetyl-CoA, and Oleoxyadenosine 5'-[a-
35S]thiotriphosphate were from New England Nuclear. 8-
Bromoadenosine 3',5'-cyclic monophosphate (8BrcAMP)
was from Sigma, and G418 sulfate was from GIBCO.

Cell Culture. 3T3-L1 preadipocytes were maintained and
induced to differentiate as described (7, 27). Briefly, differ-
entiation was induced by exposure of confluent 3T3-L1
preadipocytes to medium containing 1.7 ,uM insulin, 1 ,M
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dexamethasone, and 0.5 mM 3-isobutyl-1-methylxanthine
(iBuMeXan). After 2 days the medium containing dexameth-
asone and iBuMeXan was replaced by medium supple-
mented with only 1.7 1LM insulin. Within 24 hr, i.e., on day
3, 422 mRNA increased to virtually its maximal level, and
>95% of the cells had begun to accumulate cytoplasmic
triglyceride (16).

Isolation and Analysis of p422 Genomic Clone. Genomic
DNA from 3T3-L1 cells was digested with EcoRI and
fractionated to enrich for a 4.3-kb species that hybridizes to
the 5' end of the full-length cDNA pAL422 (19). This fraction
was cloned into AgtlO, and 4 x i05 plaques were screened
with a 5' fragment of pAL422. A positive clone was identi-
fied and shown to encode a portion of the 422 protein (Fig.
1B). Restriction fragments were isolated and subcloned into
the appropriate vector (28). M13 single-stranded DNA was
sequenced by the dideoxynucleotide chain-termination
method (29), with deoxyadenosine 5'-[a-35S]thiotriphosphate
as substrate (30). The Si-nuclease analysis was carried out as
described by Favaloro et al. (31).

Stable and Transient Transfections. Cells were stably
transfected with a 5:1 molar ratio of chimeric construct/
SV2neo (25) DNAs (15 ug per dish) by calcium phosphate
precipitation (32), followed by a 10% (vol/vol) dimethyl
sulfoxide shock. Neomycin-resistant foci appeared 10-12
days after transfection. To measure the transient expression
of transfected constructs, we developed an electroporation
protocol that used the Gene Pulser (Bio-Rad). This protocol
gives high levels of transfected gene expression, while
maintaining the adipose morphology. Confluent monolayers
of 3T3-L1 adipocytes, 4 days after inducing differentiation,
or preadipocytes maintained for an identical period, were
removed from 100-mm dishes by treatment with 0.05%
trypsin in isotonic phosphate-buffered saline (PBS). Cell
suspensions were centrifuged through fetal bovine serum
(adipocytes) or calf serum (preadipocytes), and the pellets
were washed three times with PBS. Cells were resuspended
in ice-cold electroporation buffer (0.8 mM CaCl2/0.48 mM
MgSO4/1.3 mM KH2PO4/7.36 mM Na2HPO4/2.44 mM
KCl/124 mM NaCl/5 mM glucose, pH 7.2), and 0.7-ml
aliquots, each containing the cells from one 100-mm plate,
were added to sterile chambers containing 30 ,ug of 422.CAT
construct (see Fig. 1) in 100 Al of the same buffer. This was
mixed and incubated on ice for 10 min. Adipocytes were
electroporated at 650 V at a capacitance of 25 ,uF; for
preadipocytes the voltage was 550 V. The cells were further
incubated for 10 min on ice, for 5 min at room temperature,
and then at 37°C. The cells from each 100-mm dish transfec-
ted were cultured on two 60-mm dishes in medium supple-

A
Sca1 ' start -858.cat construct-0868 -AAAATGAGTACTACATGGCTATTTACGAATGGGAAGAATA

-0758 -ATGTATTASPATTTGAAATTATAAATCTAGGCCGCTGTA
-0648 -CCAGGACTACCAGAGCTGTGCAGCGAGACTGTCTCAAAAA

kAGGCTTAI

kGCCCGCA1

mented as required. Cell extracts were prepared 48 hr after
transfection.

Cell Extracts and Chloramphenicol Acetyltransferase
(CAT) Assays. Extracts of transfected 3T3-L1 cells were
prepared, and CAT activity was assayed as described by
Gorman et al. (24) or by Neumann et al. (33) as indicated in
the figure legends. The results from both methods are
standardized to a plate (60 mm in diameter) equivalent of cell
extract added.

RESULTS
Structure of a 422 Genomic Clone. We have reported (19)

the isolation and sequence of the full-length cDNA (pAL422)
for the 422 protein, the adipocyte homologue of myelin P2,
which is expressed upon differentiation of 3T3-L1 preadi-
pocytes. To further investigate the differentiation-induced
transcription of the 422 gene (16), we have cloned a 4.3-kb
segment of 3T3-L1 DNA that contains exon 1, 122 nucleo-
tides of exon 2, and 1.7 kb of 5'-flanking sequence of the 422
gene (Fig. 1B).
We obtained the sequence of the 5'-flanking region of the

422 genomic clone, 868 bp of which is shown in Fig. LA.
Phillips et al. (22) reported the sequence of the 422 gene
isolated from a BALB/c mouse genomic library beginning at
position -509. There is good agreement between the two
sequences in the 5'-flanking region of the 422 gene (98.4%
homology); eight nucleotides are different and there are two
deletions. This slight variation in sequence may reflect the
various sources of genomic DNA used to prepare the librar-
ies.
By using Si-nuclease analysis we identified the adenine

residue at position + 1 as the major start site of transcription
(data not shown), which agrees with previous observations
(22, 34). A minor initiation site was also detected at an
adenine nucleotide at position - 8; the significance of this was
not further investigated. Transcripts beginning at either nucle-
otide occur only 3T3-L1 adipocytes, not in preadipocytes
(data not shown). At position - 33 is an A + T-rich region, and
an inverted CAAT homology occurs at position - 66. The
fat-specific element (FSE) identified by Spiegelman and co-
workers (23, 34) occurs at position - 120. In addition to the
FSE, we have also noted a potential glucocorticoid regulatory
element (GRE) (for reviews, see refs. 35 and 36) at position
-393 in the 5'-flanking region of the 422 gene (Fig. 1A).

Differentiation-Induced Expression of 422.CAT Constructs.
To assess the activity of adipogenic factor-dependent regu-
latory elements in the 422 gene, putative promoter regions,
including the start site of transcription, were spliced in front
of CAT coding sequences (see Fig. 1C and D). These con-
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FIG. 1. Partial 422 genomic clone, 5'-flanking sequence, and construction of 422.CAT chimeric genes. (A) Sequence of 858 bp of 422 gene
5'-flanking region. Relevant restriction sites are shown in subscript, and potential regulatory sequences are underlined. (B) Partial genomic
clone isolated from a 3T3-L1 genomic library. Exons are in solid bars. A858.CAT (C) and A248.CAT (D) are chimeric constructs. Sequences
were derived as follows: thin lines, M13 cloning vector; thick lines, pBR322; hatched bars, 422 gene; and open bars, CAT coding region. E,
EcoRI; H, HindIII; X, Xba I; B, BamHI; Hc, HincII; S, Sca I; N, Nsi I; P, Pst I; A, Ava I.
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structs were cotransfected with pSV2neo into 3T3-L1 preadi-
pocytes, and the activity of CAT was assayed in cell extracts
of stable transformants. Low levels of CAT activity were
observed when promoterless pSVOCAT (24) or A858( - ).CAT
(the 422 promoter region is in the antisense orientation
relative to the CAT coding sequence) was introduced into
3T3-L1 preadipocytes that were then induced to differentiate
(data not shown). Low levels of expression of the A858.CAT
and A248.CAT were maintained by 3T3-L1 cells kept in a

nondifferentiating confluent state for periods up to 12 days
(Fig. 2).
Two days after confluence, 3T3-L1 preadipocytes that had

been transfected with either A858.CAT or A248.CAT were
induced to differentiate by the addition of iBuMeXan, dexa-
methasone, and insulin for 48 hr, after which time the
iBuMeXan and the dexamethasone were removed. No loss
of adipogenic potential was seen in these transfected 3T3-L1
cells. Within 24 hr, the adipogenic factors caused a maximal
increase in CAT activity in cells that contained either of the
422.CAT constructs; this level of CAT activity was main-
tained for 2-3 days. The activity then declined and increased
after day 8 (Fig. 2). The decrease in CAT activity correlates
with removal of iBuMeXan and dexamethasone from the
medium. This time course of CAT expression differs from
the accumulation of endogenous 422 mRNA, which does not
appear until iBuMeXan and dexamethasone are removed
from the medium; maximal levels of expression of the
endogenous gene are not observed for 72-96 hr (16).
Dexamethasone and cAMP Regulatory Regions in the

422.CAT Constructs. As shown above, the expression of
422.CAT constructs is rapidly increased by the combined
addition of adipogenic factors. To assess the contribution of
each agent to this induction, individual and various combi-
nations of adipogenic factors were added 2 days after con-
fluence to 3T3-L1 preadipocytes transfected with either
A858.CAT or A248.CAT (Fig. 3). Insulin alone had no effect
on expression of either of the two constructs under the
conditions of these experiments (data not shown). This is
consistent with the decline in CAT activity when iBuMeXan
and dexamethasone are withdrawn, and the cells are incu-
bated in medium supplemented with insulin alone (Fig. 2).
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FIG. 2. Differentiation-dependent expression of transfected
422.CAT constructs. 3T3-L1 preadipocytes were transfected with a
1:5 molar ratio of pSV2neo to either A858.CAT (A) or A248.CAT
(B). Pools of neomycin-resistant clones were expanded, and CAT
activity was assayed through 10 days of a differentiation program.
The addition of iBuMeXan, dexamethasone, and insulin (arrowhead
1) and the removal of dexamethasone and iBuMeXan (arrowhead 2)
are indicated. Open bars show the activity in 3T3-L1 preadipocytes
maintained in an undifferentiated state, and solid bars show the
activity in preadipocytes induced to differentiate. CAT activity was
assayed in extracts prepared at the times indicated as described (33).
Results are the mean of two independent observations ± the range.
CAT-activity is expressed as pmol of acetylated chloramphenicol
(Ac-CM) formed per hr per plate (60 mm) equivalent.
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FIG. 3. Factors affecting the expression of 422.CAT constructs.
Pools of neomycin-resistant 3T3-L1 preadipocytes transfected with
either A858.CAT (A) or A248.CAT (B) were maintained at conflu-
ence for 2 days, after which time they were treated for 48 hr as
follows. Treatments: 1, none; 2, 1 AM dexamethasone; 3, 1 ,M
dexamethasone plus 1.7 ,uM insulin; 4, 1 ,uM dexamethasone, 1.7
,uM insulin, plus 0.5 mM iBuMeXan; 5, 1 mM 8BrcAMP; 6, 1 mM
8BrcAMP plus 1 jLM dexamethasone; 7, 1 mM 8BrcAMP, 1 ,uM
dexamethasone, plus 1.7 ,uM insulin. Cell extracts were prepared,
and CAT activity was assayed (33). CAT activity is expressed as

pmol of acetylated chloramphenicol (Ac-CM) formed per hr per
plate (60 mm) equivalent. Results are the mean of two independent
observations ± the range.

Dexamethasone caused a rapid increase in CAT activity
when the transfected construct contained 858 bp of the
5'-flanking region (12-fold, Fig. 3A) but not when it was
deleted to position -248 (Fig. 3B). Dexamethasone plus
insulin caused a slightly greater induction of A858.CAT
expression (13-fold, Fig. 3A), but again there was no signif-
icant increase in CAT activity in A248.CAT-transfected cells
(Fig. 3B). The effect of dexamethasone on A858.CAT
expression was first seen within 4 hr and was maintained for
=4 days, after which time it decreased (data not shown). As
A248.CAT does not respond to dexamethasone, an element
between positions - 858 and - 248 must mediate the induc-
tion by glucocorticoid. The results obtained in stably trans-
formed cells were confirmed by transient expression exper-
iments (Fig. 4). Dexamethasone induced the transient
expression of A858.CAT in both preadipocytes and adi-
pocytes; thus all information required for the dexame-
thasone response is present in the 858 bp of the 422 gene. In

C:

v
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FIG. 4. Regulation by dexamethasone (Dex) of transiently ex-
pressed A858.CAT. 3T3-L1 preadipocytes (open bars) and adi-
pocytes (solid bars) were transfected by electroporation. After
electroporation, cells were carried in culture in medium with 10%o
(vol/vol) fetal bovine serum with (+) or without (-) 1 jM dexa-
methasone. Incubations were continued for 48 hr, at which time cell
extracts were prepared, and CAT activity was assayed (24). Results
are expressed as total cpm of chloramphenicol acetylated per plate
(60 mm) equivalent.
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addition, basal CAT activity in these transient expression
experiments was greater in adipocytes (cells subjected to the
differentiation protocol) than preadipocytes, consistent with
observations made above (Fig. 2A).
When iBuMeXan was included along with dexamethasone

and insulin, the effect on the expression of the two transfec-
ted constructs differed. This adipogenic factor reduced the
expression of A858.CAT, whereas it induced expression of
A248.CAT (Fig. 3). The 13-fold increase in A858.CAT expres-
sion induced by dexamethasone plus insulin was decreased to
a 3-fold increase when iBuMeXan was also added. Compari-
son of the same two treatments on A248.CAT expression (Fig.
3B) showed that iBuMeXan caused a 5-fold increase.
iBuMeXan, a potent cAMP phosphodiesterase inhibitor,

may accelerate differentiation of 3T3-L1 cells by increasing
the level of cAMP (37). Therefore, we also tested the effect
of 8BrcAMP on the expression of the two 422.CAT con-
structs. The expression of A858.CAT was increased 4-fold
by 8BrcAMP (Fig. 3A). Like iBuMeXan, 8BrcAMP reduced
the induction caused by dexamethasone (a 12- to a 5-fold
increase) and by dexamethasone plus insulin (a 13- to a
9-fold increase). 8BrcAMP caused a 19-fold increase in CAT
activity when added to 3T3-L1 cells transfected with the
A248.CAT (Fig. 3B). This induction by 8BrcAMP was po-
tentiated by dexamethasone (a 19- to a 45-fold increase, Fig.
3B) and by dexamethasone plus insulin (a 19- to a 50-fold
increase, Fig. 3B).

During differentiation of 3T3-L1 preadipocytes induced by
the adipogenic factors, major changes in mRNA and protein
metabolism occur (16). It seemed possible, therefore, that the
observed changes in CAT activity in cells transfected with
A858.CAT or A248.CAT and treated with adipogenic factors
were a result of nonspecific changes in mRNA or protein
metabolism-i.e., synthesis or turnover. To rule out this
possibility, we measured CAT activity in 3T3-L1 preadi-
pocytes transfected with either pSV2CAT or pRSVCAT (26)
and subsequently treated for 48 hr with adipogenic factors
(Fig. 5). These constructs differ from A24&.CAT and
A858.CAT only in the promoter sequence. Negligible changes
(maximum 1.5-fold) in CAT activity were observed in re-
sponse to adipogenic agents added to these cells. Thus, we
conclude that the cAMP- and dexamethasone-induced
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FIG. 5. Effects of adipogenic agents on expression of CAT
constructs with viral promoters. 3T3-L1 preadipocytes were trans-
fected with a 1:5 molar ratio of pSV2neo to either pSV2CAT (A) or
pRSVCAT (B). Pools of stable transformants were maintained at
confluence for 2 days, after which time they were treated for 48 hr
as follows. Treatments: 1, none; 2, 1 ,.M dexamethasone; 3, 1,M
dexamethasone plus 1.7 ,uM insulin; 4, 1 ,uM dexamethasone, 1.7
,uM insulin, plus 0.5 mM iBuMeXan; 5, 1 mM 8BrcAMP; 6, 1 mM
8BrcAMP plus 1 AiM dexamethasone; 7, 1 mM 8BrcAMP, 1 ,.M
dexamethasone, plus 1.7,M insulin. Cell extracts were prepared,
and CAT activity was assayed (33). CAT activity is expressed as
pmol of acetylated chloramphenicol (Ac-CM) formed per hr per
plate (60 mm) equivalent. Results are the mean of two independent
observations ± the range.

changes in expression of the 422.CAT constructs are medi-
ated through elements present in the promoter region of the
422 gene.

DISCUSSION
The differentiation of 3T3-L1 preadipocytes and the expres-
sion of adipose-specific genes are accelerated by iBuMeXan
and dexamethasone (16, 27, 38). Preadipocyte differentiation
induced by glucocorticoids has been observed consistently
(7, 27, 38) with 3T3-L1 preadipocytes and with the TA1
preadipocyte line (21). Furthermore, differentiation of TA1
preadipocytes and transcription of the 422 gene are greatly
increased by glucocorticoid (39). A GRE core sequence
(TGTTCT) at position - 393 in the 5'-flanking region (Fig.
lA) may be responsible for the induction of expression of the
422 gene by dexamethasone. The ability of transfected
A&858.CAT, which possesses the GRE core element, to
respond rapidly (<4 hr) to dexamethasone is consistent with
this interpretation. This is further supported by the fact that
deleting this element, as in the A248.CAT construct, elimi-
nates the response to glucocorticoid. Furthermore, prelimi-
nary studies in this laboratory (R.J.C., unpublished results),
with more detailed deletions within this region of the 422
gene, are consistent with the GRE at position - 393 mediat-
ing the effects of dexamethasone. In the 5'-flanking region of
the 422 gene there are two other potential GREs at positions
- 1470 and -1520 (J.S.C., unpublished observations).

It has been shown that iBuMeXan accelerates the differ-
entiation of 3T3-L1 preadipocytes by inhibiting soluble
cAMP phosphodiesterase (37). Thus elevated levels of
cAMP may affect this developmental process. In support of
this view, cAMP can augment the differentiation of 3T3-L1
preadipocytes (40). In agreement with a role for this agent in
promoting adipocyte conversion and activating the expres-
sion of adipose-specific genes, we have shown here that
8BrcAMP activates the expression of both 422.CAT con-
structs in 3T3-L1 cells. As this agent increases the expres-
sion of both A858.CAT and A248.CAT constructs (Fig. 3),
our data suggest the first 248 bp of the 5'-flanking sequence
of the 422 gene contains the regulatory element(s) that
mediates the effect of cAMP. In this region of the 422 gene,
there are no sequences with >75% sequence identity to the
identified cAMP regulatory elements (41). Moreover, the
rather long lag (4-12 hr) required for the induction of 422.CAT
expression by 8BrcAMP (data not shown) suggests that the
effect may be indirect, i.e., mediated by some factor whose
synthesis or modification is induced by cAMP. A candidate
for this factor is c-fos that is believed to bind to this region of
the 422 gene (23) and is known to be induced by cAMP in
certain cell types (42). This possibility is rendered less likely
by our observation that insulin has no effect on the expression
of the 422.CAT constructs, since it is known that insulin can
cause the induction of c-fos in 3T3-L1 cells (43). The combi-
nation of dexamethasone and iBuMeXan is more effective in
promoting differentiation of 3T3-L1 preadipocytes than either
agent alone (38). Consistent with this observation is the ability
of dexamethasone to potentiate the effect of 8BrcAMP on
A248.CAT expression, despite the fact that it has no effect by
itself (Fig. 3B). Glucocorticoid may either stabilize increased
cAMP levels or induce a factor that acts synergistically with
a cAMP-induced effector.
Our results indicate the presence in the promoter region of

the 422 gene elements that mediate the response to the
adipogenic agents dexamethasone and iBuMeXan (through
cAMP). Both these agents greatly accelerate the differenti-
ation of 3T3-L1 preadipocytes and, in their absence, the
endogenous adipose-specific genes are not expressed (16).
Consistent with a role for these various cis-acting elements
in coordinately regulating the expression of several adipose-
specific genes, GRE core sequences also occur in the
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differentially regulated gene 122, which encodes stearoyl-
CoA desaturase (J. Ntambi, personal communication). Fur-
thermore, a potential GRE is found at position -150 in the
sequence of the gene encoding glycerol-3-phosphate dehy-
drogenase (22). The FSE identified by Spiegelman and
coworkers occurs with various degrees of sequence identity
in the promoter regions of adipose-specific genes, including
those coding for glycerol-3-phosphate dehydrogenase (13 of
14 match) (23), adipsin (6 of 14 match) (34), and stearoyl-
CoA desaturase (7 of 14 match) (J. Ntambi, personal com-
munication). We do not find sequences with homology to a
GRE in the adipsin gene (22), although there is a potential
FSE (34). Interestingly, the adipsin mRNA appears later in
the differentiation program of 3T3 preadipocytes than the
mRNAs encoding 422 and glycerol-3-phosphate dehydrogen-
ase (20). Thus the combination or spatial arrangement of
regulatory elements in adipose-specific genes may be impor-
tant in determining not only the level of expression but also
the time when a gene is expressed in the developmental
program. It seems likely that such differences in the number
and organization of various regulatory signals explains the
differences in the response of A858.CAT and A248.CAT to
adipogenic agents. Similar considerations could also explain
why the time course of both chimeric constructs differs from
the endogenous gene. This work and studies by Distel et al.
(23) indicate that the regulation of adipose-specific genes
during differentiation may involve complex interactions be-
tween multiple regulatory elements within promoter regions.
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