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ABSTRACT In Saccharomyces cerevisiae, FASI, FAS2,
and FAS3 are the genes involved in saturated fatty acid
biosynthesis. The enzymatic activities of both fatty acid syn-
thase (FAS) and acetyl-CoA carboxylase are reduced 2- to
3-fold when yeast cells are grown in the presence of exogenous
fatty acids. The mRNA levels of the FAS genes are correspond-
ingly lower under repressive conditions. Expression of the
FAS-acZ reporter gene Is also regulated by fatty acids. When
a FAS2 multicopy plasmid is present in the cells, expression of
both FASI and FAS3 increases. Thus, the FAS genes are
coordinately regulated. Deletion analyses of the regulatory
regions of FASI and FAS2 revealed common regulatory se-
quences. These include the GGCfAAAAAC and AC.C-
CAAGCA sequences that have a common GCCAA core se-
quence and the UASNo (upstream activation sequence). Dere-
pression of the FAS genes in the absence of exogenous inositol
is not observed when UASNo is mutated, indicating that this cis
element is a positive regulator of these genes. The GCCAA
elements and UASpNo act synergistically for optimal expression
of the FAS genes.

In eukaryotes, the synthesis of long-chain fatty acids from
acetyl-CoA is catalyzed by two multifunctional enzymes,
acetyl-CoA carboxylase (ACC) and fatty acid synthase (FAS)
(1). In the yeast Saccharomyces cerevisiae, the native ACC
is a tetramer of a multifunctional protein (Mr, 251,499)
encoded by the FAS3 gene. The yeast FAS consists of two
multifunctional proteins, a (Mr, 207,683) and . (Mr, 220,077),
that are organized in an a6,6 complex. The subunits a and (
are encoded by two unlinked genes, FAS) and FAS2, re-
spectively. All three genes have been cloned and sequenced
(2-8). It is generally assumed from studies of amino acid
biosynthesis (9) and ribosomal protein synthesis (10) in yeast
that genes involved in common metabolic pathways or coding
for subunits of complex enzymes are regulated by coordi-
nated expression. Thus, it seems possible that the three FAS
genes may also be coordinately regulated.

Little is known about the regulation ofthese genes in yeast.
Numa and coworkers (11, 12) reported that ACC activity is
reduced by -50%6 when yeast cells are grown in the presence
of fatty acids. They attributed this repression to the presence
of fatty acyl-CoA derivatives or some metabolites derived
therefrom (12). The regulation of FAS, on the other hand,
remains obscure. In this report, I describe experiments
performed to elucidate the coordinated regulation and the
fatty acid-mediated repression of these genes. Through de-
letion analysis of the promoter region, common cis-acting
elements of both the FASI and FAS2 genes were identified.

MATERIALS AND METHODS
Media and Culture Conditions. The yeast strain used in

these experiments SEY2102 (a, ura3-52, leu2-3, leu2-112,
suc2-A9, his4-519, gaI2) was obtained from M. G. Douglas
(University of North Carolina Medical School, Chapel Hill).
The cells were grown in synthetic dextrose (SD) medium
containing appropriate nutritional supplements (13). To study
fatty acid-mediated repression, the cells were grown in SD
medium supplemented with 2 mM myristic acid and 0.5%
Tween 40.

Construction of Plasmids. A CEN4-based reporter gene
plasmid was constructed from pLG669-Z-A312 (14) (provided
by S. Hahn, Fred Hutchinson Cancer Research Center,
Seattle) and pSE679 (obtained from S. J. Elledge, Baylor
College of Medicine). The plasmid pSCFAS1 contains the
FASI regulatory region and the coding regions of 23 amino
acids of the (3 subunit that are fused in frame with lacZ.
Similarly, pSCFAS2 contains the FAS2 regulatory region and
the coding region of 113 amino acids fused with lacZ. The
deletions were made by using available restriction sites or by
using PCR techniques (15).

Determination of Enzymatic Activities. The cells were har-
vested at room temperature and washed once with water,
three times with 10%6 (vol/vol) ethanol to remove excess fatty
acids, and once with 50 mM Hepes buffer (pH 7.5) containing
1 mM EDTA and 1 mM dithiothreitol. The cells were broken
with glass beads as described (5), and the extracts were
clarified by centrifugation. The FAS and ACC activities were
determined as described (16, 17). To determine the (3-galac-
tosidase activity, three colonies from each transformation
plate were resuspended separately in 0.5 ml of SD medium.
From each of these cell suspensions, 0.2-ml samples were
added to 1 ml of SD medium containing fatty acids or devoid
of fatty acids and grown overnight under selective conditions
to retain the URA3-based plasmids. The cultures were then
diluted 1:10 with the same medium in which they were grown.
After growing another 4-5 hr, the cells were harvested and
washed as described above, except that Z buffer (50 mM
Hepes, pH 7.5/10 mM KCl/1 mM MgSO4/50 mM 2-mercap-
toethanol) was used for the final wash (18). The cell pellets
were resuspended in 1 ml ofZ buffer, and the (3-galactosidase
activity was determined in permeabilized cells (18, 19).

Miscellaneous Procedures. DNA sequencing (7, 20), protein
estimations (21), yeast transformations (22), RNA isolation
and Northern analysis (5, 7, 23), labeling ofDNA probes by
nick translation (5, 7), site-directed mutagenesis (24), and
SDS/PAGE (25) were performed as described.

RESULTS
Fatty Acid-Mediated Repression and Coordinated Expres-

sion of FAS Genes. Exogenous fatty acids are known to

Abbreviations: FAS, fatty acid synthase; ACC, acetyl-CoA carbox-
ylase; SD, synthetic dextrose; UAS, upstream activation sequence.
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Table 1. Fatty acid-mediated repression of FAS and ACC

Specific

Culture activity
Strain/plasmid medium FAS ACC

SEY 2102 - FA 90 3.7
+ FA 65 2.5

SEY 2102/YEPFAS2 - FA 184 18.5
+ FA 69 5.5

Untransformed cells or cells transformed with YEPFAS2 were
grown in the presence (+FA) or absence (-FA) of exogenous fatty
acids. The cell extracts were made and the enzymatic activities were
determined. Specific activity was measured for FAS as nmol of
NADPH oxidized per min per mg and for ACC as nmol of malonyl-
CoA formed per min per mg. Values given are the averages of three
experiments.

repress the activity of ACC by 50% (11, 12). As shown in
Table 1, fatty acids repress not only ACC activity but also
FAS activity by a factor of 2-3. Thus, both enzymes appear
to be coordinately repressed. When whole-cell extracts of
yeast were analyzed by SDS/PAGE, the three proteins (ACC
and the a and p subunits of FAS) appeared to be of equal
amounts (Fig. 1, lane 1). However, when the cells were
transformed with a FAS2 multicopy plasmid and the extracts
were analyzed, increased expression not only of the FAS a
subunit for which FAS2 codes but also of the FAS f subunit
and ACC was observed (Fig. 1). The increase in protein in the
presence of the FAS2 multicopy plasmid correlated very well
with the increase in the activities of FAS (2-fold) and ACC
(5-fold) as shown in Table 1. However, when the transformed
cells were grown in the presence of fatty acids, the activities
of these enzymes were reduced by a factor of 2-3 (Table 1)
as in the nontransformed cells. Northern blot analysis
showed that the levels of FASi and FAS3 mRNAs were
lower when cells were grown in the presence of fatty acids
(Fig. 2). The increase in FASi and FAS3 mRNA levels in

1 2 :3

cells transformed with the FAS2 multicopy plasmid was
readily observed. These results suggest that the multicopy
plasmid titrated a limiting factor, or factors, involved in the
regulation ofFAS gene expression. The effect ofa multicopy
plasmid containing FASI under the control of the TDH3
promoter was also tested. In cells transformed with this
plasmid, only the level of the FAS f3 subunit increased; there
was no coordinated increase in either the level of the FAS a
subunit or of ACC (data not shown). Hence, the FAS
regulatory region is essential for this coordinated regulation.

Deletion Analysis of the FASI Regulatory Region. To de-
lineate the regulatory regions, a deletion analysis of the 5'
noncoding region ofFASI was performed. As shown in Fig.
3, deletion'of the sequence between nucleotides -920 and
-760 reduced the expression of 3-galactosidase by :50%
(Fig. 3, pSCFAS1-312). In this region, there are putative
GCR1 (26), RAPl/GRFJ (27-30), ABF1 (28), and upstream
activation sequence UASINO (31-35) elements (Fig. 4). How-
ever, deletion of the region between nucleotides -760 and
-670 reduced the expression of lacZ by 95%. In this region
(nucleotides -760 to -670), there are two sequences, GGC-
CAAAAAC and AGCCAAGCA, that have a common GC-
CAA core sequence (underlined) (Fig. 4). In addition, there
is a UASINO located between the GCCAA repeats that has
been implicated in coordinated regulation ofFASI and FAS2
in yeast (35).

Deletion Analysis of FAS2. The two sequences containing
GCCAA are also present in FAS2 between nucleotides -351
and -295 (Fig. 4). As shown in Fig. 5, the /-galactosidase
activity was reduced to -20%o ofthe control activity when the
sequence between nucleotides -363 and -292 (represented
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FIG. 1. Effect of the FAS2 multicopy plasmid on FAS and ACC.
Yeast cells were transformed with a multicopy plasmid, a derivative
of YEPFAS2 (2, 7). The untransformed cells were grown in SD
medium containing histidine, uracil, and leucine (each at 20 Ag/ml);
the transformed cells were grown in the same medium but without
leucine. Cell-free extracts were made using glass beads (5). Equal
amounts (200 ,ug) of protein were analyzed by SDS/PAGE and
stained with Coomassie blue. In lane 1, purified yeast FAS (5) was
used as a marker; the top two bands are the a and ,B subunits ofFAS,
and the other bands are degradation products. In lanes 2 and 3, the
extracts of untransformed and transformed cells, respectively, were

analyzed.
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FIG. 2. Effects of the FAS2 multicopy plasmid and fatty acids on
the levels of FAS1 and FAS3 mRNAs. Cells were grown in the SD
medium as described in Fig. 1, but with or without fatty acids. Total
yeast RNA was treated with glyoxal and fractionated on 1% agarose
gel. Lanes: 1 and 2, total RNA from untransformed yeast; 3 and 4,
RNA from cells transformed with the FAS2 multicopy plasmid; 1 and
3, RNA from cells grown in the absence offatty acids; 2 and 4, RNA
from cells grown in the presence of fatty acids. The RNA was
transferred to a nitrocellulose sheet by blotting and probed with
nick-translated 2.8- and 2.1-kilobase-pair HindIII fragments from
FASI (5) and an EcoRI fragment of ACT] DNA (A). (B) Same blot
was reprobed with a 6.6-kilobase-pair Sst I fragment from FAS3 (4).
Densitometric analysis was performed on an autoradiogram exposed
for a shorter time, and the values were normalized with densities of
actin mRNAs. If the levels of FAS and ACC mRNAs in the
untransformed cells grown in the absence of fatty acids equal 1, the
levels of these mRNAs were 0.5 for untransformed cells under
repressing conditions, 2 for transformed cells under nonrepressing
conditions, and 0.4 for transformed cells under repressing condi-
tions.
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Plasmld 5' Endpoint
% lacZ Act
-FA +FA

pSCFAS1ECO -2M 100 so FIG. 3. Deletion analysis of FASI. The 5' de-
letions were made using either available restriction

pSCFASl -1492 90 46 sites or by using PCR methods. The lacZ activity is
expressed as the percentage of pSCFAS1-Eco, the

cFa=^s1-152 420 95 58 longest insert (100%). -FA, absence of fatty acids
pSCFAS1 M2 -70 S2 36 in culture medium; +FA, presence of fatty acids.

The extent of fatty acid-mediated repression can be
pSCFASI-3 470 3 3 judged from the -FA and +FA values. B, BamHI;
pSAFAS1.B-tUI 417 3 3 Bt, BstUI; C, Cla I; E, EcoRI; H, HindIII; K, Kpn

I; S, Sau3AI. The deletions generated using PCR
pSCFAS1.Ca -475 3 4 methods are indicated by an asterisk.

by pSCFAS2-Ssp) was deleted. Deletion of the putative
GCRI sequence (nucleotides -278 to -274), represented by
pSCFAS2-1104 (Fig. 5), further reduced the expression of
lacZ to =40% of wild type. Deletion of sequences upstream
of nucleotides -198 (pSCFAS2-Bst) and -174 (pSCFAS2-
1226) reduced the expression of lacZ to background (Fig. 5).
It is important to note that the BstUI deletion still retained
the UASINO (nucleotides -196 to -186) and that in FAS2
UASINO alone did not support transcription.

Substitution Analysis of the Regulatory Regions to Delineate
the Function of the GCCAA Repeats and UASINo. As shown
by 5' deletion analysis, the regions between nucleotides -760
and -669 in FASI and nucleotides -363 and -292 in FAS2
apparently are important for the expression of these genes.
The only common sequences between these two regions in
FASJ and FAS2 are the two GCCAA repeat-containing
sequences. The results ofdeletion analyses ofFAS2 indicated
that the UASINO by itself does not support expression of the
lacZ reporter gene (Fig. 5, pSCFAS2-Bst). To confirm these
observations, these specific regions were cloned in deletion
constructs of both FASI and FAS2 that express background
levels of lacZ. As shown in Fig. 6, pSCFAS2-Bst, which
expresses background levels of lacZ even though it contains
the UASINO, can be made to express substantially increased
levels of lacZ by the region of FAS2 that contains only the
GCCAA repeats, nucleotides -363 to -292. Similarly, the

VAB1

UASiNo
-920 U r n GGCTTAGrA AGATGTTTCA GCAAACGGCA S

GCR1 (RAP1/GRF1)
-860 aAACCCGTTG AAGGTCCGCA TCAGCCTTOC ATGCCCGTGC ACCCLCGGCT CCTCGGAGGC

ABF1
-800 CGGGTrATAG CAGCGTCTGC TCCGCLTCLC QATA.CLCGAG

UASINo
-740 =CCCTGGCC TCCAACAAAC GACmCAL TMACAT GXCCCOC C&OACLTAAT

Sau3A
-680 TACGCAACAG cgNTCrmC GTCGCACAAG TTAAAAGAAA TTGTGAAAA ATACAAATAA

Bst UI
-620 T=GAACAA TACGTTtGr CTATTTAACG CTCr GGVrGCCTTTCC

BAN2
Mlu I

-475 AAAGC2TTA ATTCCAACTA TTTTCTATAT TTCTATTCTA TCCGAACTCC CCTrTTGCAT

-415 ATCAATATAT CTIAATACTr TCGCCTATTC TNTACTATAT TTCCTAAAT TTI'=a=

-355 _ CAAC TrACTACTGA ATCATGGACG TGTATTTAGT TrAGCCAMGC

Ssp I GCR1 RAPl/GRF1
-295 &&TAMAAA TATCACTCT CCTAAAAATA CATTGGGCAT T

Bst UI UASiNo
-235 2TTAGCAAA ATCCAACCAT i-ITrrrrTrA TCTCCCCCGT eleCA1YT LrACCTCATr'

FIG. 4. Comparison of the FASI and FAS2 regulatory regions.
The GCCAA I and II repeats containing decamer and nonamer
sequences and the putative GCRJ and RAPJ/GRFI sequences that
are common to both genes are indicated by boldfaced type. The
ABFJ sequence present only in FASI is also indicated by boldfaced
type. The UASINO sequences are italicized and underscored with a

thick line. The sequences underscored with a thin line are either the
restriction sites or the oligonucleotides used for making PCR-
mediated deletions.

basal level expression of pSCFAS1-Sau 3A, which has no

known cis element, can be improved by adding the GCCAA
elements of FAS2 (nucleotides -363 to -233) or made even

better by adding to the construct the FASJ region containing
both GCCAA repeats and the UASINO (nucleotides -760 to
-675; Fig. 6). Thus, it appears that both UASINO and the
GCCAA repeats are required to express efficiently FASI and
FAS2.

Mutation Analysis of UASINo. The FASI regulatory region
has two UASINo sequences (Fig. 4). Using site-directed mu-

tagenesis, the UASINO between nucleotides -709 and -699 in
FAS) was converted from ACTTCACAIGC to ACTTC-
(CCQQGC in pSCFAS1-152 and generated pSCFAS1-152M,
which has only one UASINO (Fig. 6). By performing a PCR-
mediated deletion on pSCFAS1-152M, pSCFAS1-312M,
which has no UASINO, was generated. As shown in Fig. 6, the
UASINo is essential for optimal expression of FASI. How-
ever, there is measurable lacZ expression even when there is
no functional UASINo. In fact, the level of expression of
pSCFAS1-312M is similar to that ofpSCFAS1-Sau 3A, which
has a substituted FAS2 region (nucleotides -233 to -363) that
does not contain any UASINO (Fig. 6). FAS2 has only one
UASINO. When the conserved CACATG sequence ofUASjNo
was mutated to CGCTAG, lacZ expression decreased only
50% (Fig. 6). As shown in Figs. 4 and 6, the BstUI deletion of
FAS2, which still contains the UASINo, does not support lacZ
expression. These observations suggest that UASINO is not
critical for expression of FAS2.

Inositol-Mediated Repression of FAS Genes. When culture
medium lacked inositol, expression of the FAS-linked re-
porter gene was enhanced :3-fold (Table 2). Even the
activities of FAS and ACC decreased when inositol (11 ILM)
was present in the medium (Table 2); this concentration of
inositol is the same as that present in SD medium prepared
from yeast nitrogen base. Thus, the UASINo apparently
mediates coordinated regulation of the biosynthesis of phos-
pholipids and saturated fatty acids. Interestingly, derepres-
sion in the absence of inositol occurred only when the
UASINO was not mutated (Table 2), suggesting that it is a
positive regulator of these genes.

Gel-Retardation Assay for GCCAA Repeat Elements. From
the deletion, substitution, and mutagenesis analyses de-
scribed above, the GCCAA repeats apparently play a role in
enhancing the transcription ofFASI and FAS2. To determine
whether the DNA containing these repeats can bind trans-
acting factors, an electrophoretic mobility shift assay using
whole-cell extracts was performed according to the method
of Buchman et al. (28). As shown in Fig. 7, these sequences
can bind proteins. Specific fragments and plasmids contain-
ing the GCCAA repeats act as competitors in this binding
assay.

DISCUSSION
Numa and coworkers (11, 12) have shown that exogenous
fatty acids reduce the activity of yeast ACC by -50%. Based
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% lac Z Act
Plasmid 5 Endpoint -FA +FA

FIG. 5. Deletion analysis of the FAS2
pSCFAS2 473 100 50 regulatory region. The plasmid pSCFAS1

(Fig. 3) was cut with EcoRI and BamHI,
pSCFAS2-994 -3 100 46 blunt ended, and used as a vector. The

FAS2 regulatory region along with the
pSCFAS2-Sop -292 20 12 a-subunit coding region of 113 aminoacids was cut with Mlu I and Pvu II,

blunt-ended, and ligated to the vector
pSCFAS2-1104 -252 10 4 backbone. This process regenerates both

the EcoRI and BamHI restriction sites.

pSCFAS2-Elet-196 I 0.9The deletions were made as described in
PSCFAS2-Bz -198 1 0.9 Fig. 3. The restriction sites indicated are

Mlu I (M), Ssp I (Sp), and Pvu 11 (P). All
pSCFAS2-1228 -174 1 1 other details are as described in Fig. 3.

on an earlier report (36), it was generally presumed that FAS
is not subjected to this repression. Here, I have shown that
FAS, like ACC, is also subject to fatty acid-mediated repres-
sion in yeast grown for several generations in synthetic
medium containing fatty acids. The three genes FASI, FAS2,
and FAS3 appear to be coordinately regulated. This conclu-
sion is based on the following observations: (i) fatty acids
repress all three genes to the same extent; (ii) mRNA levels
ofFASI and FAS3 increase when yeast cells are transformed
with a FAS2 multicopy plasmid; and (iii) there are common
cis-acting elements in both FASI and FAS2. It is conceivable
that FAS3 also has similar cis elements.
The conserved GCCAA repeats specifically enhance the

transcription of FAS genes. This conclusion is based on the
following observations. The deletion ofthe region containing
only these repeat sequences severely reduced the expression

LacZAft
SSA I pSCAFS1 -SauJ

(470)
FAS2 -3 -23S
FAS1 -760MID 75

BetUI UASmo
(.198)>/ pSCFAS2- BstUI

FAS2 -3 -233

FAS1 -7M0 .875

UASINO pSCFAS2
JO)

pSCFAS2 - M
70)

UASNo pSCFAS1-152

UASo® pSCFAS1 -152 M

UASINO pSCAFSI - 312
760)

(a pSCAFSI -312 M

-FA
0.06

0.52

2.22

0.13

1.55

+FA
0.08

0.24

1.15

0.12

0.95

1.98 0.80

9.20 5.70

4.02 2.46

3.20

0.87

2.43

0.96

024

0.70

0.48 0.16

FIG. 6. Role of UASINO in regulating the reporter gene. The
FASI regulatory region containing the GCCAA repeats and UASINO
(nucleotides -760 to -675) and the FAS2 region containing only the
GCCAA repeats (nucleotides -363 to -233) were cloned into
pSCFAS1-Sau3A and pSCFAS2-Bst. These plasmids express only
the basal level ofP-galactosidase activity (Figs. 3 and 5). Also shown
is the effect of mutated UASINO in pSCFAS-152, pSCFAS1-312, and
pSCFAS2 in lacZ expression. "M" denotes the mutated UASINO.
Numbers in parentheses indicate the 5' endpoints of the various
constructs used. The bars are not drawn to scale.

oflacZ fusion. In addition, the region containing the GCCAA
repeats alone stimulated transcription (Fig. 6), and these
repeat sequences appear to bind some factors (Fig. 7). Given
these results, the GCCAA repeats apparently have the char-
acteristics of a UASFAS. As shown in Figs. 3, 5, and 6, fatty
acid-mediated repression probably is caused by more than
one element.
The UASINO has been identified as a nonamer sequence

common to genes involved in phospholipid biosynthesis
(31-34). Recently, Schuller et al. (35) concluded that this
sequence is UASFAS and is responsible for coordinated
regulation ofthe FAS genes. However, mutation and deletion
analyses of the FASI and FAS2 regulatory regions (Figs. 3-6
and Table 2) suggest that UASINO is not the only sequence
required for efficient transcription of FAS genes. The inosi-
tol-mediated repression ofFAS genes is an interesting finding
(Fig. 6 and Table 2). When the UASINo was mutated, it was
expected that the expression of FAS-linked reporter genes
would be constitutively derepressed. However, it was found
that a functional UASINO is required for efficient expression
of these genes (Fig. 6). Hence, it appears that UASINo is a
positive regulator of the genes. The mutation analysis further
demonstrated that the function of UASINo is lost when the
conserved CACATG sequence is mutated.

Table 2. Inositol-mediated and fatty acid-mediated repression of
FAS and ACC

Culture Specific activity
Plasmid medium FAS ACC p-Gal

pSCFAS2 - INO, - FA - 21.9
-INO, + FA 13.8
+ INO,-FA 9.4
+INO,+FA 5.5
YNB, - FA 10.4
YNB, + FA 6.4

pSCFAS1-152ino YNB, - FA 0.9
YNB, + FA 0.21

pSCFAS1-152 YNB, - FA - 2.5
YNB, + FA 1.0

pSCFAS1-152ino - INO, - FA - 3.3
-INO, + FA - 1.3
+ INO,-FA 2.1
+ INO, + FA 0.8

pSCFAS1-152 - INO, - FA 416 13.6 1583
(cell-free extract) - INO, + FA 289 6.02 516

+ INO, - FA 185 4.09 501
+ INO, + FA 101 3.15 298

Enzymatic activities were measured as described in Table 1.
P-Galactosidase (-Gal) activity in permeabilized cells was measured
as described in Fig. 1. pSCFAS1-152ino refers to the mutated
UASINoI sequence in pSCFAS1-152. -INO, without inositol;
+INO, with inositol; -FA, without fatty acids; +FA, with fatty
acids; YNB, yeast nitrogen base.
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FIG. 7. Gel-retardation as-
say of GCCAA repeat-contain-
ing sequences. The y32P-labeled
FAS2 DNA from nucleotides
-363 to -234 was used as a
probe. The extracts were incu-
bated for 10 min with 1 gg of
poly[d(I-C)] and 1 ng of labeled

^ J probe, with or without the fol-
* lowing competing DNA. Lanes:

1, free probe with no extract; 2,
extract with no competitor
DNA; 3, 0.1 ,ug of unlabeled
DNA fragment (same as the la-
beled probe); 4, 1 ,ug of pSC-
FAS1 plasmid DNA; 5, 1 j.g of
pSCFAS2 plasmid DNA.

The function of the GCRI and RAP1/GRFI motifs was

deduced only from deletion analyses of the promoters of the
FAS1 and FAS2 genes. The product of GCRI is considered
to be the regulator of glycolysis (26, 37-40) and binds to the
sequence CTTCC. This sequence is located close to and
influences the RAP1/GRFI sequence in the expression of
several genes involved in glycolysis (26, 29, 37-42). It is
interesting that the putative RAP]/GRFI sequence present in
both FASI and FAS2 lies in close proximity to the CTTCC
sequence. Similar to theRAP]/GRFI and CTTCC sequences
that work together to express the glycolytic genes, the
GCCAA repeats and the UASINO sequences may influence
each other in regulating the FAS genes. However, in FAS2,
the UASINO plays a trivial role in regulating gene expression.
Hence, I cannot suggest that this element is UASFAS.
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