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Chapter 4
Construction and expression of HXT7 promoter deletion mutants in
Saccharomyces cerevisiae

SUMMARY
A set of Saccharomyces cerevisiae strains with variable expression of only one glucose
transporter, the high-affinity Hxt7 protein, was constructed. The strains were constructed by
partial deletion of the HXT7 promoter in vitro and integration of the gene at various copy
numbers into the genome of an hxtl - hxt7 gal2 deletion strain. The expression of HXT7 in
the wildtype strain was relatively low during exponential growth at high glucose
concentrations and increased sharply at glucose concentrations below 20 mM. In the mutant
strains with promoter length of more than 495 bp, the expression of the gene at high glucose
concentrations was much higher, the level being dependent on copy number and promoter
length. Increased expression at low glucose was maintained in these mutants. The growth rate
correlated with the level of HXT7 expression at high glucose concentrations. The expression
levels were too low to sustain growth when a 149 bp DNA region situated between 346 and
495 bp 5' of the HXT7 open reading frame was removed.
INTRODUCTION
Glucose is the preferred source of carbon and energy for most eukaryotic cells, and therefore
has substantial effects on cell metabolism and its regulation. The means by which cells
perceive and respond to glucose is an important and only partially resolved question. Several
signal transduction pathways responsible for glucose-induced and -repressed gene expression
in the yeast S. cerevisiae have been described. Although genetic components of these
signaling pathways have been identified, the primary signal(s) for induction and repression is
still unknown (71,217).
Transcription of several of the 20 genes that encode hexose transporters or highly related
proteins in S. cerevisiae (the HXT family; ref. 123) is induced by glucose. Glucose-dependent
regulation of HXT gene expression is mediated by a repression mechanism involving the Rgtl
repressor. Glucose inactivates Rgtl repressor function, leading to derepression of HXT
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expression (168, 170). This occurs via the regulatory proteins SnO and Rgt2, two members of
the HXT family that themselves are not transporters. It has been proposed that Snf3 and Rgt2
are sensors of extracellular glucose that generate the signal for induction of high-affinity or
low-affinity hexose transporters, respectively (165, 166). A role for hexose transport itself in
signal transduction and repression by glucose has also been suggested (68, 167, 238).
The contribution of the individual enzymatic steps of glycolysis to flux through the pathway
has been examined in S. cerevisiae, with the surprising conclusion that the enzymes can be
over-expressed up to ten-fold without significant effects on growth or ethanol production
(193, 196).These observations lend support to the proposal (69) that glucose transport limits
the rate of glycolysis. This proposal was based on three observations: that the intracellular
glucose concentration can be 10- to 100-fold lower than the extracellular concentration,
implying a surplus of intracellular metabolic capacity; that glycolytic flux and transport
capacity decline concomitantly under starvation conditions, without loss of glycolytic enzyme
activity; and that measured rates of transport of non-metabolizable analogs are similar to
measured glycolytic flux rates.
Evaluation of the degree to which glycolysis in S. cerevisiae is limited by glucose transport is
complicated by the large number of transporters expressed by that yeast. Metabolic Control
Analysis offers both a theoretical basis and a set of experimental approaches for that
evaluation. In order to estimate the control coefficient for an individual step under defined
conditions, its activity should be varied by small amounts, and the magnitude of the effect of
these variations on the flux measured.
Three approaches are available for determining the control of glucose transport: in the first
approach, culture conditions are used in which reproducible differences in transport activity
are observed, while other physiological parameters are held constant; in the second, specific
inhibitors of the transport step are applied and the consequences on growth and metabolism
are studied; in the third, the level of hexose transport activity is regulated by genetically
manipulating the expression of hexose transporters.
Previous work in this laboratory has used the first two approaches. The results suggested that
glucose transport have a very high control coefficient in glucose-grown cells at the diauxic
shift. The present work employs the third strategy. This chapter describes the construction of
strains in which only one hexose transporter (Hxt7) is expressed to different levels. The goal
is to be able to determine the control coefficient of individual glucose transporters under
various growth conditions, as will be described in the next chapter.
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MATERIALS AND METHODS
Strains and growth conditions
The S. cerevisiae strains used in this study are listed in Table 4.1. Yeast cells were grown in a
rotary shaker at 30 °C in either SC-UM (containing 0.16% Yeast Nitrogen Base, 0.5%
ammonium sulfate, 0.1% casamino acids, 0.01% tryptophan and 2% maltose), or YP medium
(2% peptone, 1% yeast extract) containing either 2% maltose (YPM) or 1% glucose (YPD).
Plasmid transformation of yeast cells was carried out by the lithium acetate method (73).

TABLE 4.1 S. cerevisiae strains
Strain
MC996A

Genotype
MATaura3-52his3-ll,15leu2-3,ll2MAL2SUC2GALMEL

RE607B

MATahxtlA::HIS3::Ahxt4hxt5::LEU2hxt2A::HIS3
hxt3A::LEU2::Ahxt6ura3-52
MATahxtlA::HIS3::Ahxt4hxt5::LEU2hxt2A::HIS3
hxt3A:LEU2::Ahxt6 HXT7::HIS3 gal2A ura3-52

KY73

(the hxt null strain)
LYY0-LYY21

MATahxtlA::HIS3::Ahxt4hxt5::LEU2hxt2A::HIS3
hxt3A::LEU2::Ahxt6 HXT7::H1S3 gal2A ura3-52::(HXT7ApURA3)

Source
. _
,.„,.
'
(nJ.

(

^
.

y

Escherichia coli DH5ct served as a host for all plasmids and was transformed by
electroporation using a BTX Electro Cell Manipulator 600 or the CaCl2 method as described
in ref. 195. Transformants were grown in Luria-Bertani medium containing 60 ng/ml
ampicillin at 37 °C.
Construction OÏHXT7 promoter mutants by progressive deletion
Plasmid pBCY7 was constructed by insertion of a 5.16 kb EcoKS. fragment containing the
promoter region and open reading frame of HXT7 from the plasmid p21 (186) into the EcoKS.
site of the plasmid YCplac33. Progressive deletion of the HXT7 promoter was carried out by
the procedure of Henikoff (93). In order to minimize the proportion of nicked molecules in
the starting DNA, high-quality pBCY7 plasmid DNA was prepared using the Plasmid Mini
Kit (Qiagen). The closed circular DNA was digested with restriction enzyme Xbal (Roche) at
1149 bp upstream of the HXT7 start codon. Exonuclease III (New England Biolabs) was used
to digest the linear DNA from the 5 ' end, proceeding in two directions at 22 °C. Samples were
removed at 1 min intervals to tubes containing Si nuclease (Promega), which removed the
single-stranded tails remaining after exonuclease III digestion. After neutralization and heat
inactivation of the Si nuclease, Klenow enzyme (Roche) and T4 DNA ligase (Roche) were
added to circularize the resulting DNA molecules. The ligation mixtures were used to
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transform DH5a competent cells. A number of subclones from each time point were then
screened to identify plasmids with appropriate deletion endpoints. The names of the selected
Plasmids, pBCYAl - pBCYA25, refer to the size of the undeleted promoter regions from
large to small.
Sequence analysis of the HXT7 promoter deletion series
Sequencing was performed by the dideoxy method using the Sequenase Version 2.0 DNA
Sequencing Kit (Amersham) and [ct-35S]-dATP (Amersham) with the primers AK38, LY17
and PBCY7-3387 (Table 4.2).

TABLE 4.2 Oligonucleotides
Name

Sequence

AK38

CTGCAATAGCAGCGTCTTG

PBCY7-3387

CCTCAGAAGAACACGCAGG

LY17

CTCTTCACCTTCACCATAAGC

GB7

TTAAAAACGTATTTACTTTTCAAGATATC

PDA1

GAATGAAGCAGCAAGCATTGGCAC

Construction of HXT7 promoter deletion integrative plasmids and transformation into
an hxt null strain
pBCYAl - pBCYA25 were digested with EcoRl and pBCY7 was digested with EcoKUStul
respectively. EcoRl fragments from 5.16 - 2.95 kb in size, containing the HXT7 open reading
frame and (deleted) promoter, were isolated with the QIAquick Gel Extraction Kit (Qiagen)
and ligated into the yeast-£. coli integrative shuttle vector YIplac211 (74). The resulting
plasmids named pBCIAl - pBCIA25 were transformed into strain KY73 by selection for
uracil prototrophy on SC-UM plates. Targeted integration of the plasmids at the URA3 locus
was achieved by linearization of the plasmids with Stuï. The resulting strains were named
LYYO - LYY25 in order of increasing deletion of the HXT7 promoter.
Southern blot analysis of HXT7 promoter deletion DNA integrated into the yeast
genome
Genomic DNA was isolated as described (96). The genomic DNA was digested with Pstl and
CM and separated by electrophoresis through a 1% agarose gel. The DNA fragments were
transferred to nylon membrane (BioRad) by vacuum blotting, and cross-linked to the
membrane with ultraviolet light (Stratalinker 2400, Stratagene). The blot was prehybridized in
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5 ml prehybridization buffer (6x SSC, 0.1% SDS, 5x Denhardt's, 100 ug/ml sheared,
denatured salmon sperm DNA) at 45 °C for 1 h.
For detection of HXT7 genomic DNA fragments, GB7, a 29 base oligonucleotide probe
(Table 4.2), was designed by selecting a sequence about 90 bp 3' of the HXT7 stop codon
(47). This region displays little similarity with the sequence of the HXT6 gene. Five pmol of
the HXT7 probe were labeled with 20 uCi [y-32P]-ATP (Amersham) and 10 units T4
polynucleotide kinase (Roche), according to the manufacturer's instructions. Purified probe
was hybridized with the blot at 45°C for 4 h in a MICRO-4 Hybridization Oven (Hybaid).
The blot was washed with 6xSSC/0.1% SDS 2x5 min at 37 °C, lxSSC/0.1%SDS 2x5 min at
37 °C and 2x5 min at 45 °C.
To confirm that the HXT7 gene was integrated into the chromosome of KY73 at the URA3
locus, a probe consisting of a 248 bp fragment of the URA3 gene was prepared by digesting
YIplac211 with EcoRV and SM. The genomic DNA of the HXT7 promoter deletion mutant
series was digested with EcoRV and HindlU at 37 °C overnight. The URA3 probe was labeled
with cc-32P-dATP using the Prime-a-Gene Labeling Kit (Promega), according to the
manufacturer's instructions. Hybridization and washing were carried out as described (195).
Measurement of growth and glucose consumption (see chapter 3).
Northern blot analysis
Total RNA was isolated from yeast cells by acid-phenol extraction (200). The RNA was
dissolved in RNase-free water and formamide (32). RNA samples were separated by
electrophoresis as described (195). Transfer to nylon membranes, prehybridization,
hybridization with the GB7 or PDA1 probes, and washing were carried out as described above
for DNA blots. The PDA1 probe was used as a loading control (241). The detailed protocol is
available from the author of this thesis on request.
Western blot analysis
Cells were harvested by centrifugation, washed once in 1% KCl, and extracted by abrasion
with glass beads in buffer A (50 mM Tris-Cl pH 8, 10 mM EDTA, 5% glycerol, plus protease
inhibitors (1 |0.g ml"1 leupeptin, 1 u.g ml"1 pepstatin A, 0.2 mM AEBSF in DMSO)). The
lysates were cleared by centrifugation at 1300 x'g for 2 min. The protein concentration was
determined, and samples were diluted to 1 |ig ul"1 in buffer A and supplemented with V2
volume SDS-PAGE loading buffer. The samples were heated to 40 °C for 15 min and 10 ug
of each protein sample were electrophoresed in a 10% SDS-PAGE minigel. The proteins were
transferred to PVDF membrane using a mini trans-blot electrophoretic transfer cell (BioRad)
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with buffer B (48 mM Tris, 39 mM glycine, 5% methanol, 0.05% SDS pH 8.3) at 100V for
1.5 h at 4 °C. Membranes were incubated with gentle agitation in phosphate buffered saline +
0.1% Tween-20 as follows: 1) blocking for at least 1 h in 5% nonfat milk; 2) incubation with
anti-Hxt7 antibody (diluted 1:500) for ca. 16 h at room temperature in 1% nonfat milk,
followed by 4 x 5 min washes; 3) incubation with horseradish peroxidase-conjugated
secondary antibody (diluted 1:3000) for 1 h in 1% nonfat milk, followed by 3 x 10 min
washes. The final wash was done without Tween-20 in the buffer. Detection was carried out
by chemiluminescence using the SuperSignal chemiluminescent substrate kit (Pierce).
Reagents
Anti-Hxt7 antibody was a kind gift of Eckhard Boles. Horseradish peroxidase-conjugated
goat anti-rabbit antibody was from BioRad. Yeast extract, peptone, tryptone, casamino acids
and yeast nitrogen base (catalog no. 0335-15-9) were obtained from Difco. Chemicals were
obtained from Sigma or Merck and were of reagent grade. Oligonucleotides were synthesized
by Isogen.
RESULTS
A promoter length of more than 346bp is required for high-level HXT7 expression
A series of HXT7 promoter mutants was constructed by progressive bi-directional deletion of
the promoter DNA. The length of HXT7 promoter region remaining in the mutants was
determined by agarose gel electrophoresis (Figure 4.1). The promoter length of HXT7 in these
mutants, derived from DNA sequence analysis, is presented in Table 4.3 and Figure 4.2. The
mutants are numbered in the order of the distance to the start codon from the proximal
endpoint of deletion, from large to small. The mutant HXT7 genes were cloned into an
integrative plasmid to yield the pBCIA series of integrative plasmids. This series was
transformed into the hxt null strain KY73 with integration at the URA3 locus.
The presence of the promoter deletion HXT7 DNAs in the yeast genome was examined by
Southern blotting with a URA3 probe (Figure 4.3A) and an HXT7 probe (Figure 4.3B),
respectively. For hybridization with the URA3 probe, genomic DNA was digested with the
restriction enzymes EcoKV and Hindlll which cut within the URA3 locus on either side of the
site of integration. RE607B is a strain, congenic to the wildtype strain MC996A, in which the
HXT1 - HXT6 genes are inactivated (186). The HXT7 locus is intact and encodes an active
glucose transporter. KY73 is a strain with null alleles in the HXT1 - HXT7 genes and the
GAL2 gene. The absence of high molecular weight bands in the parental strain and the
variable size of one of the high molecular weight bands in the transformants demonstrate that
the promoter deletion plasmids have been integrated correctly at the URA3 locus.
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M1

M1101112 13 141516 1721 M2M1

deletion

M1 M21819 202223 24 2526 M2

Figure 4.1 HXT7 promoter progressive deletion series Plasmid pBCY7 was digested
by Xbal. Progressive deletion of linear DNA was performed with Exolll and Si. After
ligation and transformation the subclones from each time point were screened by
HindlWClal digestion. (A). pBCYAl- pBCYA9 in 1% agarose gel; (B). pBCYAlOpBCYA17, pBCYA21 in 1.5% agarose gel; (C). pBCYA18- pBCYA26 in 2% agarose gel.
Molecular mass markers (Ml): 21.2, 5.15, 4.97, 4.27, 3.53, 2.03, 1.90, 1.59, 1.38, 0.95,
0.83 and 0.56 kb; (M2): 0.5, 0.4, 0.3, 0.2, O.lkb.
TABLE 4.3. HXT7 promoter deletion series. The integrative plasmids with HXT7 genes,
including their full-length or deleted promoters, are listed along with the S. cerevisiae strains
based on them. The length of the promoter in each construct (arbitrarily chosen to extend from
the Xbal site at -1148 relation to the HXT7 start codon), the extent of deletion and the gene
copy numbers are given.
Plasmid

Strain

pBCIAO
pBCIA4
pBCIA6
pBCIA7
pBCIA8
pBCIAlO
pBCIAll
pBCIA12
pBCIA15
pBCIA16
pBCIA18
pBCIA20
pBCIA21
pBCIA22
pBCIA24
pBCIA25

LYY0
LYY4
LYY6
LYY7
LYY8
LYY10
LYY11
LYY12
LYY15
LYY16
LYY18
LYY20
LYY21
LYY22
LYY24
LYY25

Promoter length (bp)
1148
729
646
589
507
503
495
346
288
178
144
73
86
38
36
34

Deletion
(bp)
0
683
1350
1096
1278
1042
1206
1559
1786
1905
2106
2123
2132
2166
2185
2208

Gene copy
number
2
12
5
2
1
4
10
7
7
8
11
ND
18
ND
ND
ND

ND: not determined
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C/al

pBCY7

Xba\

t^±£

pBCYA4
pBCYA 6
pBCYA7
pBCYA8
pBCYAlO
pBCYA 11 *
PBCYA12*
pBCYAl5
pBCYAl6
PBCYA17
pBCYA 18
pBCYA20
pBCYA 21
pBCYA22
pBCYA 24
pBCYA25

ATG
H/ndlll

I*

-729 '
-646
^ — ^ — - ^ — —
589
— ^ - — —
-507 ^ ^ - ^ " ™ — ™ ^ ~
-503
—
—
—
-495
—
—
-346
^ — —
288 — — — —
178 — — — —
_
-144
^ —
73 _ - —
86 — —
-38 — —
-36 — —
-34^

»I
HXT7

+5

Figure 4.2 HXT7 promoter exonuclease Hi-generated 5' deletion series Based on
sequence analysis the 5' deletion end-points relative to the ATG start codon (A is +1) are
indicated on the left side of each fragment.

Hybridization of Psrl-C/al-digested genomic DNA with the HXT7 probe labeled bands of
different length, as expected from the extent of the deletion in the promoter region (Figure
4.3B). The increase in molecular weight of the HXT7 band between lanes LYY10 and LYY6 is
due to elimination of the Pstl site in the region of plasmid pBCIA6 distal to the Xbal site and
in plasmids with more extensive deletions (Table 4.3 and Figure 4.3C). The varying
intensities of the bands corresponding to the integrated HXT7 genes reveal that in most
isolates more than one copy of the plasmid was integrated into the chromosome. For example,
strains LYY1, LYY4, LYY5 and LYY21 have multiple copies of the plasmid; only strain
LYY8 contains a single copy. By comparison of the relative band densities as measured with
a Bio-RAD 1650 Scanning Densitometer the probable gene copy numbers were determined
(see Table 4.3).
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Figure 4.3 Southern blot analysis of HXT7 integration (A). Genomic DNA of the
indicated yeast strains was digested with EcoRV and Hindlll, and the resulting DNA was
blotted and hybridized with a URA3 probe. (B). Genomic DNA of the indicated yeast
strains was digested with Pst\ and CM, and the resulting DNA was blotted and
hybridized with an HXT7 probe. (C). Restriction map of the HXT7 locus. The Xbal site at
which exonuclease deletion was initiated, and the binding site of the GB7 primer, is
indicated.
Growth on glucose was tested for a number of isolates from each transformation. The growth
changed markedly between transformants containing pBCIAll and pBCIA12. As shown in
Figure 4.4, representative strains LYY4 through LYY11 (containing pBCIA4 to pBCIAll)
grew well on glucose, to approximately the same extent as observed for strains RE607B and
LYYO that contain HXT7 with a full-length promoter. In contrast, representative strains
LYY12 through LYY21 (containing pBCIA12 - pBCIA21) were unable to grow on glucose,
as was also observed for isolates transformed with the empty vector YIplac211. The HXT7
promoter is 149 bp shorter in pBCIA12 than pBCIAll. It was noticed that some isolates
containing pBCIAló displayed weak growth. Moreover, rare revertants to glucose growth
were observed in the non- growing strains, but not in the hxt null strain containing only the
vector; these revertants were not analyzed further.
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YPM

YPD
MC996A
RE607B
LYYO
LYY4
LYY8
LYY10
LYY11
LYY12
LYY16
LYY18
LYY21
Vector

Figure 4.4 Growth phenotypes of HXT7 promoter mutants on YPD or YPM plates
Suspensions of 1.4xl08 cells ml"1 from each strain were serially tenfold diluted and 5 ul
of each dilution was spotted onto the solid medium. The plates were incubated for 3 d
prior to photography.

Strain

4

6

Growth
Rate (/h)

MC996A

0.40

LYY4
LYY5
LYY10
LYY1
LYY11
LYYO
LYY6
LYY7
RE607B

0.30
0.29
0.25
0.25
0.24
0.23
0.23
0.22
0.21

LYY8

0.12

LYY16
LYY15
LYY21
LYY14
LYY12
LYY18

0.034
0.023
0.021
0.016
0.014
0.012

10

Time (hour)

Figure 4.5 Growth curves of HXT7 promoter mutants Each strain was inoculated
from a single colony to YPM pre-cultures, and grown to early stationary phase. YPD
medium was inoculated to an optical density (A600) of approximately 0.2, and growth was
monitored by measuring A60o for 9 h.
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HXT7 expression is related to the promoter length and the gene copy number
Figure 4.5 shows growth curves of 17 individual strains. All mutant strains as well as
RE607B grew slower than the HXT wildtype strain MC996A. Most mutant strains with a
promoter length of more than 346 bp (LYY1 - LYY11) grew faster than the RE607B strain.
Since each of these contain multiple copies of HXT7, its enhanced growth relative to RE607B
was probably due to over-expression of HXT7. This conclusion is reinforced by the growth
phenotype of LYY8. This strain grew slower than RE607B and since both strains carry a
single copy of HXT7, the difference in growth rate was probably due to the shortened HXT7
promoter in LYY8.
The mutant strains numbered LYY12 and higher (with promoter lengths less than 346 bp) did
not grow significantly. Only LYY16 was an exception: this strain was able to grow
throughout the incubation period, albeit slowly.
Analysis of HXT7 mRNA levels confirmed that HXT7 expression correlates with the promoter
structures on the growth phenotypes of the strains (Figure 4.6). LYYO - LYY11 showed clear
HXT7 expression and the signal strength was roughly proportional with the gene copy
number. Strains LYY12 - LYY21 had low levels OÎHXT7 expression, and in some cases (e.g.
LYY14) an anomalously large RNA species was detected.
However, in further work we found that HXT7 mRNA levels were not proportional to the
growth rate and glucose transport capacity although they were related. This will be discussed
in chapter 5.
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Figure 4.6 Northern blot analysis RNA was isolatedfromeach strain after growth for 8
h on YPD medium. The resulting RNA blot was probed for HXT7 mRNA as described in
Materials and Methods.
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HXT7 is highly expressed at low concentrations of glucose
The expression pattern of HXT7 in the promoter deletion strains was compared with the
wildtype strain. For six strains growing in medium containing 1% glucose the growth curve,
glucose consumption pattern, and HXT7 mRNA and protein levels were measured
simultaneously. The wildtype strain MC996A grew faster than all other strains. HXT7 mRNA
was abundant in this strain at 8 h (residual glucose, 18 mM), and reached a maximum level at
9 h (residual glucose, 3 mM). After 10 h, residual glucose in the medium was undetectable
and MC996A stopped growing exponentially (Figure 4.7A). The level of HXT7 mRNA
declined rapidly after glucose exhaustion (Figure 4.7B). As expected, the appearance of Hxt7
protein was delayed compared to the appearance of the mRNA, and the protein level remained
high after glucose exhaustion (Figure 4.7C).

Figure 4.7A
MC996A

LYYO

LYY8
.2 60
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Figure 4.7 Growth ( • ), glucose consumption ( • ), and HXT7 expression Each strain
was inoculated from a single colony to YPM pre-cultures, and grown to early stationary
phase. YPD medium was inoculated to an optical density (A«») of approximately 0.2. (A)
Over a 12 h period growth was monitored by measuring A«» and the glucose
concentration was measured as described in Materials and Methods. At the same
timepoints HXT7 mRNA (B) and Hxt7 protein (C) were detected by Northern and
Western blot analysis, respectively, on culture samples harvested by brief centrifugation
at 4 °C and frozen in liquid nitrogen. Panel B: HXT7 mRNA, filled arrows; PDA1
mRNA, open arrows; anomalously large HXT7 mRNA, gray arrow.
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The rates of growth and glucose consumption in cultures of RE607B, LYYO and LYY4 were
slower than in the MC996A culture (Figure 4.7A). However, considerable expression of
HXT7 mRNA and Hxt7 protein was observed at 6 h, and expression remained high until 12 h
(i.e. 2-3 h after glucose exhaustion) (Figure 4.7B, C). Strain LYY8, which contains only a
single copy of promoter-deleted HXT7, grew more slowly and had not consumed all of the
available glucose after 12 h of growth. This strain also had a lower level of HXT7 mRNA and
Hxt7 protein; the level of expression was approximately the same between 6 and 12 h of
growth. Growth, glucose consumption, and HXT7 mRNA and Hxt7 protein were slight in
strain LYY16. This strain expressed an anomalously large mRNA that hybridized with the
HXT7 probe. The HXT7 mRNAs in this strain increased slightly in abundance at 12 h.
We found that HXT7 expression in wildtype strain MC996A at high glucose concentrations
(more than 30 mM, at 6 and 7 h) was lower than that in Hxt7 only strains (RE607B, LYYO,
LYY4, LYY8) (Figure 4.7B, C).
DISCUSSION
Expression of the HXT7 gene was examined with respect to the extracellular glucose
concentration during batch growth on glucose, and to the size of the promoter region and the
copy number of HXT7 genes in the genome. High glucose concentrations repressed HXT7
expression, but at lower glucose concentrations HXT7 was expressed at a high level. This
expression was transient, and the level of HXT7 mRNA declined rapidly as glucose was
exhausted from the medium. However, the Hxt7 protein was stable for at least 2 h after
glucose exhaustion. This means that the degradation rate of Hxt7 protein is slower than its
synthesis rate.
The effect of mutating the HXT7 promoter by progressive deletion was analyzed with respect
to growth and HXT7 expression. Shorter deletions had only small effects on transcription;
however, deletion of a critical 149 bp region drastically reduced the HXT7 mRNA and protein
levels and the ability of these HXT7 alleles to support growth on glucose. This critical region
has been scanned for binding sites of known yeast transcription factors using TFSearch (1,
90). Two binding sites for the Adrl protein were found; Adrl is a transcriptional activator of
glucose-repressed genes (45). In chapter 6 a more detailed promoter analysis will be
described, based on determining empirically which factors may regulate HXT7 expression
through this critical region.
The copy number of the pBCIA plasmids integrated into the URA3 locus of the hxt null strain
varied among the isolates examined. Some isolates (e.g. LYY8) had a single integrated copy
of the promoter-deleted allele of HXT7, while other isolates (e.g. LYY4) had approximately
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10 copies. For isolates with HXT7 alleles that included the critical 149 bp region of the
promoter, the rate of growth and level of HXT7 expression were higher in strains with
multiple integrated copies of HXT7. This suggests that factors required for HXT7 expression
are not limiting in wildtype cells. The combined effect of partial deletion of the promoter and
multiple integration of the mutant HXT7 genes resulted in a series of strains with a wide range
OÏHXT7 expression levels.
Expression of HXT7 in the wildtype strain reached a maximum when the glucose
concentration fell below 5 mM glucose. High glucose concentrations repressed HXT7
expression. But in the absence of glucose or at too low concentrations of glucose, HXT7
transcription was also repressed, and the HXT7 mRNA pool turned over rapidly. The Hxt7
protein, however, was stable under these conditions. In contrast, strains expressing only HXT7
with a promoter longer than the critical length, partly derepressed the gene at higher glucose
concentrations, and relied solely upon HXT7 for glucose consumption. While the sequence
between -495 and -346 seems responsible for expression to occur, the increased expression at
low glucose concentrations may be due to this same region or to the region between - 346 and
-129. In chapter 6 this will be investigated further.
Similar to the phenomena of HXT2 or HXT2::GFP expression in the hxt strain and wildtype
strain, in the HXT7-on\y strains HXT7 expression at high glucose is much higher than that in
the wildtype strain. The presence of all other HXT genes in the wildtype strain appears to have
some repressive effect on the expression of the HXT7 genes in the MC996A strain at high
glucose concentrations. In a hxtl disruption strain the Hxt6/7 protein was present at both high
and low glucose concentrations; in a hxt6/7 disruption strain Hxtl was detected at high as
well as low glucose concentrations (150). HXT7 encodes a high-affinity glucose transporter
and its expression is induced by low glucose concentrations. When HXT7-only strains are
grown at high glucose concentrations, the internal glucose concentrations are much lower than
those in the wildtype strain. Snf3 is a low glucose sensor (126). Snf3 may sense the low
internal glucose, or another intermediate of glycolysis, in lower transport capacity strains,
which expresses only a single HXT gene, and trigger more HXT7 expression in the HXT7-on\y
strains at high glucose concentrations.
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