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ABSTRACT Acetyl-CoA carboxylase [acetyl-CoA:carbon-
dioxide ligase (ADP-forming), EC 6.4.1.2] is the rate-limiting
enzyme in the biogenesis of long-chain fatty acids. We have
previously characterized five acetyl-CoA carboxylase mRNA
species that differ in their 5' untranslated regions but not in the
coding region. We have now characterized the exon-intron
structure of the genomic DNA that encodes the 5' untranslated
region of the mRNA. Generation of different forms of the
mRNA is the result of the selective use of two promoters and
differential splicing of five different exons. These five exons
contain a total of 645 nucleotides and they are scattered over a
50-kilobase-pair genomic DNA region that we have character-
ized.

FL63 species (14). These studies strongly suggested the
possibility that the ACC mRNA variants are generated by the
differential splicing of at least two kinds of ACC transcripts
and that transcription may be physiologically regulated by the
use of tissue-specific promoters of the ACC gene (14).
To understand the origin of these heterogeneous ACC

mRNAs and to determine the mechanisms of ACC gene
expression, we have isolated and characterized rat genomic
DNA clones spanning the 5' end ofthe ACC gene.t We report
here the exon-intron organization of that portion of the ACC
gene and evidence that alternative initiation and differential
splicing of the ACC gene transcripts is the cause of multiple
forms of ACC mRNA.

Acetyl-CoA carboxylase [ACC; acetyl-CoA:carbon-dioxide
ligase (ADP-forming), EC 6.4.1.2], the enzyme that catalyzes
the carboxylation of acetyl CoA to malonyl CoA, is the
rate-limiting enzyme for long-chain fatty acid synthesis (1, 2).
Long-chain fatty acids are integral components of cellular
membranes and energy storage in all organisms. Thus, under
various physiological conditions, a variety of regulatory
mechanisms are required for the precise regulation of ACC
activity and of fatty acid synthesis. Although extensive
studies have elucidated how allosteric controls (1) and co-
valent modification of the enzyme (3) modulate the short-
term regulation of carboxylase activity, virtually no infor-
mation is available on how this enzyme is regulated at the
level of the gene. Under different nutritional and hormonal
lipogenic conditions (4-8), ACC induction is accompanied by
an increase in the amount of ACC mRNA (9). This increase
may be due to an increase in the rate of transcription (10). We
have previously determined that there is only one copy of the
ACC gene per haploid chromosome set (11). How this gene
is regulated to meet the changing and specific metabolic
needs for fatty acids is an intriguing question.
To understand the mechanisms involved in the expression

of the ACC gene, cDNA clones from rat mammary gland
ACC mRNA were obtained (12) and the coding region of the
enzyme was sequenced (11). ACC mRNA is 410 kilobases
(kb) long, with an open reading frame of 7035 bases encoding
a protein of 2345 amino acids (11).
Our studies of the structure of the 5' untranslated region of

the ACC mRNA revealed several species of the mRNA that
share the same coding region but differ in their 5' untranslated
regions (13, 14). We have characterized three ACC mRNA
species in mammary glands-namely, the FL56, the FL63,
and the hypothetical species (13). The FL56 and the FL63
species differ at their 5' untranslated end by the presence (in
the FL63 species) of a 61-base insert located between the 5'
G+C-rich leader segment and the coding region. The analysis
of hepatic and adipose tissue mRNAs showed additional
forms of ACC mRNA, the pAU and band B species, whose
first 242 nucleotides replace the 5' end leader of the FL56 and

MATERIALS AND METHODS
Materials. Enzymes and chemicals were purchased from

the following suppliers: T4 DNA polynucleotide kinase from
United States Biochemical; Klenow fragment, calf intestinal
alkaline phosphatase, and dideoxynucleoside triphosphates
from Boehringer Mannheim; T4 DNA ligase and restriction
endonucleases from Bethesda Research Laboratories; S1
nuclease, T7 RNA polymerase, RNase-free DNase I, deoxy-
nucleoside triphosphates, and ribonucleoside triphosphates
from Pharmacia; T4 DNA polymerase from International
Biotechnologies; RNasin and pGEM vectors from Promega
Biotec; Giga Pack systems from Stratagene; [y-32P]ATP
(6000 Ci/nmol; 1 Ci = 37 GBq) from New England Nuclear;
[a-32P]UTP (3000 Ci/nmol) from ICN; dATP[a-35S] from
Amersham. All other chemicals were reagent grade.

Methods. Construction ofgenomic library. High molecular
weight genomic DNA (60 ug) purified from rat liver was
digested with Mbo I (3 units) in a total vol of 600 ,ul. Aliquots
(100 ,ul) were removed and EDTA was added (8 ,ul, 0.5 M) to
stop the reaction at intervals of 10, 15, 25, 35, 45, and 55 min
after initiation. All the aliquots were then pooled and sub-
jected to fractionation by 0.35% agarose gel electrophoresis
at 4°C for 24 hr. The fragments with a size of 15-30 kilobase
pairs (kbp) were eluted with an electroeluter (IBI). DNA
fragments (1 ,g) were ligated at 15°C overnight with EMBL3
vector (2 ,g) that had been digested with both EcoRI and
BamHI. The ligation products were packaged in vitro ac-
cording to the procedure described by Stratagene. The orig-
inal genomic library of =1.3 x 106 recombinants was directly
screened without amplification.
Probe labeling. cDNA fragments used to screen the ge-

nomic library were subcloned into either pGEM3 or pGEM4
plasmids, and 32P-labeled RNA probes were obtained by
transcribing the linearized subclones in vitro.
Genomic library screening. For screening, the genomic

library was plated at a density of =3 x i04 plaques per

Abbreviations: ACC, acetyl-CoA carboxylase; CAT, chloramphen-
icol acetyltransferase.
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150-mm plate. Nitrocellulose filter lifts were prepared from
the plates as described (15). The filters were prehybridized
for 4 hr in a solution containing 5x SSC (1x SSC = 0.15 M
NaCI/0.015 M sodium citrate), 50% formamide, 5x Den-
hardt's solution (lx Denhardt's solution = 0.02% bovine
serum albumin/0.02% Ficoll/0.02% polyvinylpyrrolidone),
250 ,ug of tRNA, and 1 mM EDTA at 50'C. The 32P-labeled
probe was added and the hybridization continued for at least
15 more hr at 500C. Nitrocellulose filters were then washed
two times at room temperature with lx SSC containing 0.1%
SDS, followed by another two washes in 0.1 x SSC contain-
ing 0.1% SDS at 68TC. Filters were air dried and subjected to
autoradiography. The positive clones were plaque purified.

Restriction mapping ofthe genomic clones. A phage DNA
(15) (=1 ,tg) was digested with a single restriction enzyme and
precipitated with ethanol using glycogen (25 pug) as a carrier.
After washing with 75% ethanol, the DNA in the pellets was
labeled with [_y-32P]ATP and T4 polynucleotide kinase as
described by Taylor et al. (16). The end-labeled DNA frag-
ments were precipitated with ethanol and resuspended in 50
,ul of water. Aliquots (10 ,l) were subjected to the second
restriction enzyme digestion. After digestion, aliquots of the
digestion mixture (3 ,ud, =1.5 x 106 cpm) were fractionated by
0.8% agarose gel electrophoresis. The gel was dried between
stacks of paper towels and then subjected to autoradiogra-
phy. A restriction map of the genomic DNA was obtained by
comparison of the digestion pattern of single restriction
enzyme with that of double enzymes (15).
RNA preparations. Total RNA was prepared from the

mammary glands of lactating rats on days 5-7 postpartum,
using a slight modification (17) of the method described by
Cathala et al. (18).
DNA sequencing. DNA fragments were routinely sub-

cloned into pUC19 and then into M13mpl9 or M13mpl8 (15).
DNA was sequenced in both orientations by the dideoxynu-
cleotide chain-termination method (19) using original M13
subclones and their deletion derivatives generated according
to the method of Dale et al. (20).

Expression plasmid construction and transfection. A 1147-
bp fragment flanking the 5' end of exon 1 (including 136 bp of

0 (kb)

A.

10 20

the exon) and a 1052-bp fragment flanking the 5' end of exon
2 (including 57 bp of the exon) were inserted in front of the
chloramphenical acetyltransferase (CAT) gene of the pCAT-
B' plasmid (21). The resulting plasmids, P1-CAT and P2-
CAT, were introduced into 30A-5 adipocyte (22) by the
calcium phosphate precipitation method (23). Expression of
the plasmids was examined by assaying CAT enzyme activity
(23).

RESULTS
Isolation and Restriction Map of the 5' End of the Rat ACC

Gene. To obtain genomic DNA containing the exons that
contribute to the 5' ends of the diverse forms ofACC mRNA,
we used the EMBL3 vector to construct a rat genomic DNA
library. The strategy used to isolate those clones was to
"walk" the library starting at the 5' end of the ACC mRNA
coding region. To orient the walk toward the 5' end of the
gene and identify the exon sequences present in the clones,
we probed all positive genomic clones with cDNA sequences
belonging to the 5' untranslated regions of the different ACC
mRNA species (13, 14). Definitive assignment of exon se-
quences was accomplished by DNA sequencing of the re-
striction fragments identified by the cDNA probes.
A series of overlapping clones was obtained and assembled

into a coherent physical unit based on the information
obtained from restriction mapping and DNA sequencing of
the overlapping regions. Four clones (G-3, EM-5, EM-13, and
EM-14) that span 52.5 kbp of genomic DNA were shown to
contain the five exons that constitute the diverse segments in
the multiple species ofACC mRNA (Fig. 1). Fig. 1 also shows
the position of the identified exons and the probes (P1, P2,
and P3) used in the walk.
Probe 1, which includes the first 200 bases of the coding

region, detected the clone G-3, and the 3-kbp EcoRI fragment
of this clone contained the previously identified exon H2 (13)
(exon 5 in Fig. 1). DNA sequencing confirmed the presence
of exon H2 in the EcoRI fragment. This exon is 250 nucle-
otides long and contains the first 224 bases of the coding
region as well as 26 bases of the upstream noncoding region.
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FIG. 1. Isolation and restriction map of genomic DNA around the 5' untranslated region of the ACC gene. (A) Below the scale, the relative
positions of clones isolated from the genomic library are shown. The probes used to identify these clones are designated probe 1, probe 2, and
probe 3. (B) The restriction map of genomic DNA around the 5' untranslated region is shown. The positions of five exons are indicated as 1,
2, 3, 4, and 5. The length of each exon is specified below the exons. (C) The restriction fragments containing exons have been subcloned into
an M13 vector. The sequencing strategy to determine the exon/intron boundaries and the flanking region of each exon is shown. The positions
of exons are indicated by the hatched boxes. Arrows depict the direction and extent of dideoxynucleotide sequencing reactions.
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Previously, we used a 24-mer, 5'-TAATTCTTATTGTCTC-
AGCAGATA-3' (no. 479) to identify the ACC mRNA se-
quences further upstream to the sequence found in exon H2
(13). By using the 24-mer, we identified a 1.5-kb HindIII
fragment in G-3 that contains a 47-base-long exon (exon 4 in
Fig. 1). None of the restriction fragments characterized in
clone G-3 contained any other sequences belonging to the 5'
portions of either the FL56, FL63, or pAU types of ACC
mRNA (13, 14).
Probe 2, which includes 700 bases of the 5' end of clone

G-3, detected clone EM-5. Clone EM-5 extends an additional
14 kbp into the 5' end of the ACC gene and contains a 3-kbp
EcoRI fragment that was positive with the 5' end leader
segment ofthe FL56 and the FL63 types ofACC mRNA. This
EcoRI fragment was also positive with the 61-base insert
peculiar to the FL63 type of ACC mRNA. The DNA se-
quence of this 3-kbp EcoRI fragment of clone EM-5 unveiled
two exons. One ofthem (exon 3 in Fig. 1) was identical to the
61-base insert of FL63, while the other (exon 2 in Fig. 1),
located 588 bases upstream to the former, contained the
G+C-rich 5' leader sequence of 96 bases of the FL56 and
FL63 type of ACC mRNA (13).
The liver has a unique form of the ACC mRNA, which

contains a 5' leader sequence that is different from the FL56

and FL63 ACC mRNA (14). By using a specific cloning
procedure that was designed to obtain the 5' end of the
mRNA, we obtained cDNA clones that identified the 5' end
sequence of the pAU ACC mRNA (14).
To obtain a genomic clone that contains the 5' end of the

liver-specific mRNA, we screened our genomic library with
the first 150 nucleotides of the pAU ACC mRNA (probe 3 in
Fig. 1). Two positive clones (EM-13 and EM-14) were
obtained. Clones EM-14 and EM-13 together cover a total of
30 kbp ofgenomic DNA, and EM-13 overlaps with the 5' end
of clone EM-5 (Fig. 1). A 3-kbp HindIII/BamHI fragment,
present in clones EM-13 and EM-14, but not in clone EM-5,
was positive when probed with the pAU sequences. The
DNA sequencing of this fragment revealed the 242-nucleotide
5' leader segment of the pAU ACC mRNA, confirming that
this leader derives from an independent exon of the ACC
gene (13) (exon 1 in Fig. 1).
The cloned genomic DNA spans 52.5 kbp and contains five

exons, numbered from 1 to 5 in the 5' -- 3' direction of the
gene as shown in Fig. lB. These exons contain 242, 96, 61,
47, and 250 nucleotides. To determine exact intron-exon
boundaries, the DNA fragments containing exons were sub-
cloned into M13 vectors and sequenced (Fig. 1C). The
regions that have been sequenced are identified by the arrows

Exon 1 (1st transcript, pAU type)
attttctGACCTTATGGTGTGAGGTTCCAMAGACTCTGGATMACCTGAATGCTTGACCAGGGCAAAGGGACTGGTGTTC

111111111111111111111111111111111111111111llllllllllICG1111111111A111111(GACCUUAUGGTJGUGAGGUUCCAAAAGACUCUGGAlJAAACCUGAAUGCUUGACCAGGGCAAAGGGACUGGUGUUC

AGATTAGGCCTTTGTGCCTTTTATCTCGAGCCACAGTTTTTGGCMGGGGCTGACTTTCTTGAATTCTGATTATCMTAGA
A GG1111111111111111111111111 C111111111111111111111111111111111111111111 111111111
AGAUUAGG CCUUGGCULATJUGCAC AGUUUGGCAAGGGGCUGACUUUCUUGAAUUCUGAUUAUCAAUAGA

GCTGCTAAGTAACTTACTGGAGGCTTTGCCTCCCAAAGGCAAGTGAAGACTGATAGGCAGAGATCMGAGCACAGTGGCC

GCUGCUAAGUAACUUACUGGAGGCUUUGCCUCCCAAAGGCAAAGUGAAGACUGAUAGGCAGAGAUCAGAGCACAGUGGCC

TCCCAGgtacggtgtg........... [IVS#l -12.3 Kbp].
111111
UCCCAG)

Exon 2 (2nd transcript, FL56 & FL63 types)
. ...... ggcctgccgagcgccTGTCAGCCTACGCCGAGCCGCCGGCTCGCCTCCCGCCCAGCACACCTCGGCGCAGG

1111111111111(11111G1111111111111111111111111111111111111
(UGUCAGCCUACGCCCAGCCGCCGGCUCGCCUCCCGCCCAGCACACCUCGGCGCAGG

GGCTCAGCGACCGTCGGTCCCTGCGTGCCGCCAGCCTGAGgtagtgcgaggcgt.
1111111111111111111111111111111111111111
GGCUCAGCGACCG;UCGGUCCCUGCGUGCCGCCAGCCUGAG )

.........[IVS#2 588 bpl....

Exon 3 (61 bp)
ttgctaatttagGGCAACTATTGGAAGTAAGAAGTAAGMGGTGAGAGGAAGCTAAAGATTTCAGAGGAAAATgtgagtgg

111111111111111111111111111 11111111111111111111111l11111111111
(GGACAUGAUAGAUAAGUAAGAAGCUAAAGAUUUCAGAGGAAAAU)

ag. [IVS#3 -41.7 Kbp].

Exon 4 (47 bp)
. tttttctctttgtttagTTCTTTTTGGAGGCGGATATCTGCTGAGACAMTAAGAATTATAAGAGgtcagt

(UUCUUUUUGGAGGCGGAUAUCUGCUGAGACAAUAAGAAUUAUAAGAG)
oligonucleotide # 479

ttcaaata ...... [IVS#4 -44.7 Kbp].

Exon 5 (Initiation of Coding Region)
catttcctccgcagCTCTGAGAGCTTATTTCGAAAGAATAATGGATGAACCATCTCCGTTGGCCAAAACCCTGGAGCTGAA

(CUCUGAGAGCWUUUGAAGAAUGAACCAUCUCCGW UGGCCAAAACCCUGGAGCUGMA

CCAGCACTCCCGATTCATAATTGGGTCCGTGTCTGAAGACAACTCAGAAGATGAGATCAGTAACCTGGTAAAGCTGGACCT
111111111111111111111111111111111111111111111111111I1111111111111111111111111I11111
CCAGCACUCCCGAUUsCUAUGUCCG&CUAGCAACUCAGAAGAUGAG AUCAGUAACCUGGUAAAGCUGGACCU
AGAGGAGAAGGAGGGCTCCCTGTCACCAGCCTCTGTCAGCTCAGATACACTTTCTGATTTGGGAATCTCTGCCTTACAGGA

111111111111111111A11111111111111111111111G111111111111111111C111111111111111111111AGAGGAGAAGGAGGGCUCCCUGUCACCAGCCUCUGUCAGCUCAGAUACACUUUCUGAUUUGGGAAUCUCUGCCUUACAGGA

TGGTTTGGCCTTTCACATGAGgtgagaagagtt ...... [IVS# 5]
111111111111111111111UUGGUUVGGCCUJUUCACAUGAG)

FIG. 2. Alignment of exon se-
quences ofgenomic DNA with the
5' end sequence of ACC mRNAs.
The exon sequences are shown in
the upper line (capital letters) and
the mRNA sequence is shown in
the lower line. The lowercase let-
ters represent intron sequence.
Translation initiation site, AUG,
is underlined. IVS, intervening
sequence.
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FIG. 3. Organization of ge-
nomic DNA at the 5' untrans-
lated region ofthe ACC gene and
the alternatively spliced tran-
scripts. The scale of exons is
enlarged and the size of each

IB exon is shown below. pAU is the
major form in both rat liver and
epididymal adipose tissue. The
FL56 is the major form in mam-
mary gland and cultured adipo-

6 cytes (30A-5). P1 and P2 indicate
two transcription initiation sites

)thetical for promoters 1 and 2 for the
brm ACC gene.

in the figure. The nucleotide sequence of the ACC mRNA at
the nontranslated 5' end and the corresponding sequences of
the genomic DNA are aligned in Fig. 2. Exons 1-4 belong to
the 5' untranslated region ofACC mRNA; exon 5 contains a
224-bp coding sequence including the translation initiation
codon AUG. The DNA sequences of all exon/intron junc-
tions follow the GT-AG rule (24).
Comparisons of the nucleotide sequences of the five dif-

ferent species ofACC mRNA we have described (13, 14) with
those of genomic DNA suggest the following mechanism for
generating heterogeneity in the mRNA. As shown in Fig. 3,
band B (13) is generated by splicing exon 1 directly to exon
5 and skipping exons 2, 3, and 4. For the production of FL56
mRNA, which is the main species in the lactating rat mam-
mary gland, exons 2, 4, and 5 join together without 1 and 3.
The FL63 species has exactly the same splicing order as
FL56, except that exon 3 is inserted between exons 2 and 4.
A minor form detected in the mammary gland (13) results
from the joining of exon 2 directly to exon 5. In contrast,
pAU, the predominant form in rat liver, does not splice in

A

exons 2 and 3, but exon 4 directly splices to exon 1 (Fig. 3).
The fact that pAU types ofACC mRNA are not found in the
rat mammary gland (13, 14) indicates that the upstream
promoter P1 remains inactive while this tissue is in its
lactation-induced lipogenic state.
The ACC Gene Is Transcribed from Two Promoters. Based

on our studies of the 5' untranslated regions of the different
ACC mRNAs, we have proposed that the ACC gene is
alternatively transcribed from two promoters (13, 14). The
structural features of the regions upstream of exons 1 and 2
seem to fit this hypothesis-i.e., that the FL56 and the FL63
ACC mRNA are transcribed starting at exon 2, and the pAU
ACC mRNA is transcribed starting at exon 1. If this hypoth-
esis is correct, the 5' flanking regions of such exons must
exhibit promoter activity. To test this hypothesis, we have
constructed plasmids that put the CAT gene under transcrip-
tional control of the regions upstream of exons 1 and 2 (Fig.
4A). Plasmid P1-CAT has 1147 of the 5' flanking region of
exon 1, and plasmid P2-CAT has 1052 bp of the 5' flanking
region of exon 2, in front of the region encoding CAT; both
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FIG. 4. The promoters of the ACC gene. (A) Construction of ACC promoter 1-CAT (P1-CAT) and ACC promoter 2-CAT (P2-CAT). (B)
ACC promoter 1-CAT and ACC promoter 2-CAT constructs are transfected into 30A-5 cells at two different developmental stages (day 0 and
day 8). Transient expression of CAT activity from transfected cell extracts was assayed as described (23). The pRSV-CAT served as positive
and pCAT-B', which has no promoter sequence, served as negative controls. Nonacetylated chloramphenicol migrates slowest, as shown in
lane P1-CAT at day 0 (DO) and pCAT-B' at day 8 (D8). The middle two bands (P1-CAT at day 8, P2-CAT at day 8, and RSVCAT at day 8) are

two different forms of monoacetylated chloramphenicol. The furthest moving band is the diacetylated product (RSVCAT).
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plasmids contained the putative promoter DNA fragments in
the correct 5' -* 3' orientation. These plasmids were trans-
fected into the 30A-5 preadiopocyte cell line (22) at day 0 and
day 8 of differentiation. The transient expression of CAT
activity was determined to assess the strength of the pro-
moter activity ofthe inserted fragments. As shown in Fig. 4B,
these fragments, particularly the sequence flanking the exon
2, show strong transcriptional promoter activity. Two addi-
tional observations may be significant: (i) the liver-specific
promoter can function in the fat cells, and (ii) in their
undifferentiated state, 30A-5 cells show very little CAT
activity, suggesting that promoter activity of these sequences
is differentiation dependent.

Detailed analysis of these sequences as promoters remains
to be done. The present results clearly show that the gener-
ation of multiple forms of ACC mRNA at the 5' untranslated
region is due to differential splicing and alternative usage of
the promoters.

DISCUSSION
Our previous studies ofthe 5' end ofACC mRNA have shown
that the corresponding region of the gene must be complex
(13, 14). The exon-intron arrangement of the unusually long
5' end of the ACC gene provides a framework that accounts
for the occurrence of five different ACC mRNA species we
have characterized (13, 14), as shown in Fig. 3. It is clear from
the structure of the gene that both the alternative use of the
two promoters and the differential splicing of the resulting
transcripts must be involved in the generation of the multiple
ACC mRNAs. One remarkable observation is that exons 1-
5 represent only 646 bases of ACC mRNA and are encoded
in the 50 kbp of genomic DNA that we have characterized.
The total length of ACC mRNA is =10 kbp. Although the
intron-exon structure of the coding region has yet to be
examined, this information provides some indication of the
enormity of the ACC gene size and its complexity.
The ACC gene exhibits a structural arrangement similar to

the mouse and rat Amy-] gene (25) in which two promoters
generate tissue-specific mRNAs that differ solely at their 5'
untranslated regions. In cases in which promoter switching
does not affect the coding region, but generates different 5'
leaders, the translational efficiency of the mRNAs can be
affected. Kozak (26) has discussed how the alternative tran-
scription ofmany protooncogenes results in the production of
two kinds of transcripts, one with a short simple 5' nontrans-
lated region and another with a longer G+C-rich leader. The
longer leader impairs the translational efficiency of the
mRNA.

In the case of the ACC gene, the region upstream to exon
1 exhibits all the typical structural features that define a
promoter region (TATA box at position -25 and CAAT box
at position -61). We have previously reported that the
synthesis of the pAU liver-specific mRNA was enhanced
upon a diet-induced lipogenesis (14). On the other hand, the
sequence upstream of exon 2 contains a high frequency of
CpG and numerous sites for Spl nuclear binding proteins,
which are frequently associated with "housekeeping genes"
(27, 28). Further refinement of the specific sequences that are
responsible for the promoter activities of both regions re-
mains to be done.
The requirement for a stable secondary structure (larger

than 50 kcal/mol; 1 cal = 4.184 J) in the 5' end of the mRNA
plays a role in the translational efficiency of the mRNA (26);
however, in some cases, this secondary structure seems to be
dispensable, and specific interactions between protein cyto-
plasmic factors and specific sequences in the mRNA seem to
have a commanding role in translational efficiency (29).

Although none of the many sequences exhibited by ACC
mRNA at its 5' end exhibits a stable secondary structure, the
profusion of 5' untranslated leaders in ACC mRNA strongly
suggests that such variants must play a role in the translation
efficiency of their mRNAs. This would add translational
control to the long list of mechanisms that regulate lipogen-
esis through the control of ACC.

Finally, it should be noted that the fat-specific element,
FSEI and FSE2 (30), sequences are not found in the two
promoters we have examined. However, the occurrence of
such sequences in the regions we have not examined cannot
be precluded at this time.
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