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ERG6 and PDRS5 regulate small lipophilic drug accumulation in yeast
cells via distinct mechanisms
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Abstract Diagnosis and circumvention of multi-drug resistance
requires an understanding of the underlying cellular mechanisms.
In the model organism Saccharomyces cerevisiae, deletions of
PDRS5 or ERGO6 increase sensitivity to many small lipophilic
drugs. PdrSp is a plasma membrane ATP-binding cassette
transporter that actively exports drugs, thereby lowering their
intracellular levels. The mechanism by which ERG6, an enzyme
in sterol biosynthesis, affects drug accumulation is less clear.
We show here that ERG6 limits the rate of passive drug
diffusion across the membrane, without affecting PdrSp-
mediated drug export. Consistent with their action by distinct
mechanisms, PDRS5 and ERG6 effects on drug accumulation are
additive. © 2002 Published by Elsevier Science B.V. on behalf
of the Federation of European Biochemical Societies.
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1. Introduction

Multi-drug resistance is a common problem in the chemo-
therapeutic treatment of cancer and microorganism-caused
disease [1,2]. Among the several underlying causes, mecha-
nisms that affect intracellular drug levels are prominent [1].
Increased activity of exporters with broad substrate specificity
leads to reduced intracellular accumulation and potency of
drugs [3-7]. Changes in the intracellular pH lead to reduced
drug sequestration [8]. Defects in transporter-mediated uptake
contribute to drug resistance in trypanosomes [9]. Finally,
changes in the lipid composition of the plasma membrane
have been suggested to affect drug accumulation (reviewed
in [10]).

The non-pathogenic yeast Saccharomyces cerevisiae has
served as a model organism for the genetic identification of
multi-drug resistance mechanisms [4]. Wild-type yeast are nat-
urally resistant to many drugs that are toxic to higher eukary-
otes, suggesting that some resistance mechanisms are consti-
tutively active. One such mechanism is ATP-binding cassette
(ABC) transporter-mediated drug efflux. The yeast genome
encodes 22 putative ABC transporters. Four of these
(PdrSp, Yorlp, Sng2p and Ycflp), protect yeast from a
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wide variety of drugs and confer increased resistance when
overexpressed (reviewed in [6]). Other loci contributing to
drug resistance include the transcriptional regulators Pdrlp,
Pdr3p, Yaplp and Sindp, which control the expression of
ABC transporters or other resistance determinants [4,11]. Mu-
tations in proteins that affect lipid metabolism suggest yet
another mechanism of drug resistance. Yeast lacking the
phosphatidylinositol transfer protein Secl4p homologues
Pdr16p and Pdrl7p [12,13], or the C-24 sterol methyltransfer-
ase Erg6p, are hypersensitive to many drugs [14-21]. Muta-
tions in PDRI6 and PDRI7 lead to an increase in passive
drug uptake into cells [12]. The hypersensitivity of yeast lack-
ing Ergbp, an enzyme that acts in the late steps of ergosterol
biosynthesis, has been attributed to membrane ‘permeability’
changes that enable the uptake of small molecules [14,19].
Currently, it is unclear whether this is due to changes in pas-
sive diffusion across the membrane or in active transport sys-
tems for these molecules. In support of the latter mechanism,
the ABC transporter Pdr5p has been reported to display re-
duced export activity in erg6A cells [21].

S. cerevisiae has also been a model system for genetic stud-
ies of mammalian steroid hormone signaling [22]. The small
lipophilic steroid hormones bind and activate intracellular re-
ceptors, which are hormone-dependent transcription factors.
Although steroid receptors are not naturally present in yeast,
this organism provides the basic machinery necessary for their
function [22]. Genetic screens in yeast have identified PDRS
and ERGH6 as genes that inhibit the transcriptional response to
hormone, by preventing the intracellular accumulation of hor-
mone and subsequent receptor activation [23,24]. The ability
of Pdr5p to actively export steroids explains the increased
hormone accumulation in pdr5A cells [23,25,26]. The mecha-
nism by which defects in ERG6 increase intracellular hormone
levels is less clear.

In this study, we address the mechanism by which Erg6p
affects sensitivity to steroids and other drugs. We show that
PdrSp is functional in erg6A cells, that PDR5 and ERG6 have
additive effects on drug resistance, and that Erg6p affects
passive diffusion of drugs across the membrane.

2. Materials and methods

2.1. Yeast strains

Strains used in this study are derived from YPHS501 [27]. YNK310
(ERG6, PDRS, leu2: :GRE-lacZ), YNK410 (ERG6, pdr5::GRE-lacZ,
leu2::GRE-lacZ) [28], YNKS589 (erg6::HIS3, PDRS, leu2::GRE-
lacZ) and YNKS391 (erg6.:HIS3, pdr5::GRE-lacZ, leu2::GRE-lacZ)
carry integrated glucocorticoid-responsive LacZ reporters [28], as in-
dicated. ERG6 was disrupted with a polymerase chain reaction
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(PCR)-amplified erg6. : HIS3 fragment [24]. Gene integrations, disrup-
tions and segregations were confirmed by PCR analysis of genomic
DNA. Cells carried a TRPI, rat glucocorticoid receptor expression
plasmid (pRS314-GN795 or pG1-N795 in Fig. 1B) [23]. In addition,
YNK310 and YNK410 carried the HIS3 expression plasmid pRS313,
so as to have the same auxotrophic requirements as YNKS589 and
YNKS591 [27]. Cells were grown in standard rich media or synthetic
selective media (SD) lacking tryptophan and histidine.

2.2. B-Gal assays

Quantitative B-gal assays were carried out in 96-well microtitre
plates. Yeast grown overnight were diluted 1:20 in SD media contain-
ing hormone or carrier ethanol, grown for 16 h at 30°C, permeabilised
with 5% (3-[(3-cholamidopropyl)dimethylammonio]-1-propane-sulfo-
nate) and assayed for B-gal activity [22].

2.3. Cycloheximide sensitivity

Cells grown overnight were diluted 1:15 in SD media containing 0,
1.5, 3, 6, 12, 25, 50, 100, 200, 400 or 800 ng/ml of cycloheximide, in
96-well microtitre plates. After growth for 16 h at 30°C, cell density
was measured as Aggp.

2.4. Western analysis

Protein extracts from cells grown in SD media to an Ag of 0.7-0.9,
were resolved in sodium dodecyl sulphate-polyacrylamide gels, and
transferred to nitrocellulose membranes. PdrSp and CPY were de-
tected with the corresponding rabbit polyclonal antibodies [29,30].

2.5. Rhodamine accumulation, uptake and efflux

To determine steady-state intracellular rhodamine 6G levels, expo-
nentially growing cells were incubated with 5 uM rhodamine 6G in
SD media for 1 h at 30°C [28]. Cells were then analysed by flow
cytometry using a FACScan (Becton Dickinson) and the Cellquest
software. Rhodamine efflux was determined as described by Kolacz-
kowski et al. [26] with minor modifications. Exponentially growing
yeast (1.4 % 10%) were washed, resuspended in 50 mM HEPES, pH 7,
5 mM 2-deoxy-p-glucose and 5 pM rhodamine 6G, and incubated
for 2 h at room temperature. De-energised, rhodamine-loaded cells
were washed once in 50 mM HEPES pH 7, and divided into two: one
part was resuspended in 5 ml 50 mM HEPES pH 7 (no energy) and
the other part in 5 ml of the same buffer containing 1 mM glucose
(+energy). After 15 min at 30°C, cells were removed by centrifugation,
and the amount of rhodamine 6G released into the media was deter-
mined by fluorescence measurement using a Jasco FP-777 spectroflu-
orometer, an excitation wavelength of 529 nm (1.5 nm slit) and an
emission wavelength of 553 nm (3 nm slit). Measurements of rhod-
amine uptake were according to van den Hazel et al. [12]. Yeast
(1.4%x10%) grown at 30°C in SD media (Ao of 0.4-0.6) were depleted
of energy by incubation at 30°C for 2.5 h in energy-depletion buffer
(50 mM HEPES pH 7, 1 uM antimycin A, 5 mM 2-deoxy-D-glucose).
De-energised cells were collected, resuspended in 1 ml energy-deple-
tion buffer containing 5 pM rhodamine 6G, and incubated at 30°C.
Aliquots taken at different times were washed, resuspended in 50 mM
HEPES pH 7, and subjected to fluorescence measurements as de-
scribed above. Cell fluorescence background, measured in parallel
incubations in the absence of rhodamine 6G, was subtracted from
fluorescence values in the presence of the drug.

3. Results

3.1. Pdr5p is active in erg6A cells

The drug hypersensitivity of erg6A cells could be due to a
decreased activity of membrane proteins that efflux the drugs
[21]. To evaluate the function of active drug-efflux systems, we
compared the activity of the endogenous yeast transporter
PdrSp in erg6A to that in ERG6 cells. Pdr5p activity was
assessed by measuring its ability to regulate the intracellular
accumulation of three known PdrS5p substrates: dexametha-
sone (dex), cycloheximide, and rhodamine 6G, i.e. drugs with
distinct structures and cellular targets.

Dex binds and activates the intracellular glucocorticoid re-
ceptor, which is a ligand-regulated transcription factor. In
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yeast that express the mammalian glucocorticoid receptor
and carry a glucocorticoid-inducible B-gal reporter, the intra-
cellular concentration of dex determines the percentage of
activated receptor molecules, and hence the production of
B-gal [22-24]. PdrSp-mediated export decreases intracellular
dex levels, and thereby compromises B-gal induction [23]. A
comparison of Pdr5p activity in erg6A and ERG6 cells dem-
onstrated that the transporter was active in both strains
(Fig. 1). In erg6A cells, the presence of PdrSp rendered cells
resistant to dex, shifting the dex concentration required to
induce half the maximal response (~ 2000 B-gal units) from
~107% to ~107* M (compare erg6A,pdr5A to erg6 A,PDRS in
Fig. 1A). Pdr5p conferred a similar resistance to dex in ERG6
cells; comparable B-gal levels were induced by ~2x107° M
dex in ERG6,pdr5A and ~10~* M dex in ERG6,PDRS cells
(Fig. 1A). In conclusion, PdrSp activity was independent of
ERG6 function.

ERG6 itself caused a shift in hormone responsiveness. Lack
of Ergbp increased sensitivity to dex by ~ 10-fold in both
PDRS5 and pdr5A cells (Fig. 1A). Importantly, the effects of
PDR5 and ERG6 on hormone responsiveness were additive,
with the double erg6A,pdr5A yeast showing the highest sensi-
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Fig. 1. PdrSp confers resistance to dex in erg6A cells as efficiently as
in ERG6 cells. Yeast strains YNK310 (ERG6,PDR5) (@), YNK410
(ERG6,pdr54) (O), YNKS589 (erg6A,PDR5) (a) and YNKS591
(erg6A,pdr54) () expressing the glucocorticoid receptor were
treated with the indicated dex concentrations for 16 h and assayed
for B-gal activity. The receptor was expressed from a low copy plas-
mid (pRS314-GN795) in all four strains (A), or from the low copy
plasmid in erg6A and a high copy plasmid (pG1-N795) in the ERG6
cells (B). The transcriptional activity of a hormone-independent glu-
cocorticoid receptor variant was not affected by Pdr5p or Erg6p
[23,24]. Data are the mean and range of duplicates from three inde-
pendent experiments.
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Fig. 2. Pdr5p confers resistance to cycloheximide in both ERG6 and
ergA6 cells. Yeast strains YNK310 (ERG6,PDR5) (@), YNK410
(ERG6.,pdr54) (O), YNK589 (erg6A,PDR5) (a) and YNKS591
(erg6A,pdr5A) (o) were grown in selective media containing the in-
dicated cycloheximide concentrations. The optical densities of the
cell cultures (A4gp0) after 16 h of growth were plotted against the cy-
cloheximide concentration. Data are the average of duplicates from
at least three independent experiments.

tivity to dex. Because of the ERG6 effect on hormone respon-
siveness, the regulatory effect of Pdr5p was assessed over dif-
ferent dex concentrations in £RG6 and erg6A cells in the ex-
periment of Fig. 1A. To evaluate Pdr5p activity over similar
dex concentrations, we altered the assay conditions. We in-
creased the levels of glucocorticoid receptor expressed in the
ERG6 cells, using a high instead of low copy receptor expres-
sion plasmid. The increase in receptor levels led to the induc-
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Fig. 3. Pdr5p decreases the accumulation of rhodamine 6G in both
ERG6 and ergA6 cells. Yeast strains YNK310 (ERG6,PDRS),
YNK410 (ERG6,pdr54), YNKS589 (erg6A,PDR5) and YNKS591
(erg6A,pdr5A) were incubated with 5 uM rhodamine 6G for 1 h.
Rhodamine 6G accumulation in cells was determined by flow cy-
tometry. Data are from one experiment and are representative of
three independent experiments.
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Fig. 4. PdrSp-mediated efflux of rhodamine 6G is similar in ERG6
and erg6A cells. Yeast strains YNK310 (ERG6,PDR5), YNK410
(ERG6.pdr54), YNKS589 (erg6A,PDRS) and YNKS91 (erg6A,pdr5A)
were depleted of energy and pre-loaded with rhodamine 6G for 2 h.
Rhodamine 6G released into the media during 15 min at 30°C, in
the absence (dark bars) or presence (light bars) of energy (glucose),
was measured as described in Section 2. Data are the average from
two independent experiments.

tion of B-gal at lower hormone concentrations (compare
ERG6 cells in Fig. 1B with the same cells in Fig. 1A). Under
these conditions, PdrSp expression caused again comparable
shifts to the concentrations of dex required to induce B-gal in
erg6A and ERG6 cells, demonstrating clearly that PdrSp is
similarly active in the two strains (Fig. 1B).

To determine the export efficiency of Pdr5p for a second
substrate, we assessed the effect of Pdr5p on cell growth in
increasing concentrations of the translation inhibitor cyclo-
heximide. A comparison of PDR5 to pdr5A cells showed
that PdrSp conferred similar increases in resistance to the
drug in erg6A and ERG6 cells (Fig. 2). Thus, Pdr5p exports
cycloheximide efficiently, independent of ERG6 function. As
with dex, yeast lacking both PDR5 and ERG6 showed the
highest sensitivity to cycloheximide, indicating that the effects
of the two genes are additive.

The response to dex and the sensitivity to cycloheximide
reflect indirectly the intracellular concentrations of the two
drugs. To measure PdrSp activity on the accumulation of a
substrate directly, we determined the steady-state intracellular
levels of the fluorescent drug rhodamine 6G. Exponentially
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Fig. 5. ERG6 and erg6A yeast express similar levels of Pdr5p. Pdr5p
was detected by Western analysis of protein extracts from duplicate
cultures of yeast strains YNK310 (ERG6,PDR5), YNK410
(ERG6.pdr54), YNKS589 (erg6A,PDRS5) and YNKS591 (erg6A,pdr5A),
using an anti-Pdr5p specific antibody. An antibody against carboxy-
peptidase Y (CPY) was used to confirm comparable amounts of
protein load for extracts from the different strains.
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growing cells were incubated with rhodamine and analysed by
flow cytometry. As shown in Fig. 3, the presence of Pdr5p
decreased rhodamine accumulation by about 10-fold in both
ERG6 and erg6A cells, demonstrating that Pdr5p is active in
erg6A yeast. As for the other substrates, ERG6 by itself caused
a significant decrease in the intracellular levels of rhodamine,
and the effects of ERG6 and PDRS5 were additive (Fig. 3).

To determine Pdr5p activity in a more direct manner, we
measured the energy-dependent PdrSp-mediated efflux of
rhodamine 6G from intact cells. As seen in Fig. 4, Pdr5p
led to a similar increase in the amount of rhodamine released
into the medium from dye-pre-loaded ERG6 and erg6A cells
(164 and 194 fluorescence units/15 min, respectively, in the
presence of glucose). To exclude the possibility that a reduced
Pdr5p function could be compensated by higher expression
levels in erg6A cells, we checked PdrSp levels by Western
analysis. Similar Pdr5p levels were seen in ERG6 and erg6A
cells, supporting the conclusion that FRG6 does not affect
Pdr5p activity (Fig. 5).

3.2. ERGOG determines the rate of passive drug diffusion

Our findings indicated that decreased drug efflux via Pdr5p
could not explain the increased accumulation of small lipo-
philic drugs in erg6A cells. We asked next whether ERG6
affects the passive diffusion of drugs across the plasma mem-
brane. For this, we measured the rate of uptake of rhodamine
6G in cells that were depleted of energy. The energy-depleted
state of the cells was confirmed by the lack of activity of the
ATP-dependent Pdr5p transporter (Fig. 4 and data not
shown). As seen in Fig. 6, rhodamine uptake was much faster
in ergbA than ERG6 energy-depleted cells, suggesting that
ERG6 function slows down the diffusion of lipophilic drugs
across the membrane. Consistent with this, the rate of release
of rhodamine 6G from de-energised intact cells was also high-
er in erg6A than ERG6 cells (Fig. 4, compare rhodamine efflux
in erg6A and ERG6 cells in the absence of glucose.)

Changes in the rate of passive diffusion can affect the
steady-state intracellular levels of drugs only if the drugs are
actively maintained at a concentration gradient across the
membrane. Accordingly, ERG6 should have no effect on the
steady-state rhodamine levels in energy-depleted cells. Indeed,
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Fig. 6. Deletion of ERG6 leads to an increased rate of passive diffu-
sion for rhodamine 6G. Yeast strains YNK410 (ERG6.pdr5A) (a)
and YNKS391 (erg6Apdr54) (a) were depleted of energy and incu-
bated with 5 uM rhodamine 6G. Cell-associated fluorescence was
measured in aliquots taken at the indicated times after addition of
rhodamine, as described in Section 2. Data are the mean and range
of results from duplicate cultures in five independent experiments.
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flow cytometry measurements showed that de-energised ERG6
and erg6A cells accumulated the same high steady-state levels
of rhodamine 6G (data not shown), suggesting that lack of
ERG6 function and the ensuing increased diffusion rate simply
enable drugs to attain a new equilibrium down their concen-
tration gradient.

4. Discussion

Several screens have identified ergé mutants as yeast with
increased sensitivity to a broad range of chemical compounds
[19,20,24]. This hypersensitivity of erg6A cells has proved use-
ful in studies with small molecule inhibitors, such as Brefeldin
A, that are ineffective in wild-type yeast [16-18]. Still, the
mechanism by which ERG6 mutations allow increased drug
accumulation is not clear. At least two possibilities have been
suggested. First, deletion of ERG6 affects drug uptake di-
rectly, by rendering the membrane bilayer permeable to small
molecules [14]. Second, deletion of ERG6 acts indirectly, by
compromising the activity of drug-efflux systems, such as
PdrSp [21]. In this study, we demonstrate that deletion of
ERG6 increases the rate of passive drug diffusion, thereby
increasing drug uptake directly and not via Pdr5p.

Several of our observations support a direct effect of ERG6
on drug resistance. First, the effects of ERG6 and PDRS5 on
accumulation of drugs are additive. Notably, an erg6 mutant
has been isolated due to its increased sensitivity to the steroid
dex in a genetic screen that employed a pdr5A strain [24].
Second, PdrSp activity is similar in erg6A and ERG6 cells,
as judged by its ability to confer resistance to dex and cyclo-
heximide, lower rhodamine accumulation, and mediate rhod-
amine efflux. A previous study suggesting reduced Pdr5p ac-
tivity in erg6A cells, has tested the activity of exogenously
expressed Pdr5p rather than of the endogenous genomically
expressed transporter; other erg6A defects, possibly in main-
taining high copy number plasmids or overexpressing Pdr5p,
may have led to the disparity in the results [21]. Finally, we
show that the rate of rhodamine uptake is faster in erg6A than
ERG6 energy-depleted cells devoid of PdrSp and other energy-
dependent efflux activities. The faster passive diffusion of a
drug across the membrane can lead to higher accumulation
in erg6A cells, if the drug is subject to mechanisms that main-
tain a lower intra- than extra-cellular concentration. In other
words, lack of Erg6p function facilitates diffusion down a
concentration gradient. Interestingly, this implies that deletion
of ERG6 could lead to decreased intracellular accumulation of
diffusible molecules that are actively concentrated inside the
cell.

Erg6p methylates the side chain of sterols, a modification
that is characteristic of membrane sterols of yeast, plants and
parasites but not of higher eukaryotes. As a result, erg6A
membranes contain predominantly zymosterol and cholesta-
5,7,24-trienol rather than ergosterol [14,15,30]. Though the
importance of sterols and lipids in determining membrane
properties has been recognised for a long time, the degree to
which ergosterol restricts the diffusion of small lipophilic mol-
ecules in yeast is still surprising. Other lipid modifying activ-
ities seem to have similar effects. Yeast lacking Pdr16p and
Pdr17p have altered membrane sterol and lipid composition,
display increased rates of passive drug diffusion, and are hy-
persensitive to many drugs [12]. Thus, plasma membrane lipid
composition may be a useful target for novel antifungal drugs.
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Compounds that inhibit Ergép, or possibly Pdrl6p and
Pdr17p, could render pathogenic yeast more sensitive to al-
ready known and established drugs [2,31,32].

Multi-drug resistance in humans compromises the efficacy
of chemotherapeutic regimens in the treatment of cancer. The
increased expression of ABC transporters such as P-glycopro-
tein and MRP is a well established cause of resistance [1,3,7].
However, additional mechanisms may contribute. For exam-
ple, plasma membrane ultrastructure can differ in multi-drug
resistant, compared to sensitive cells [33]. Changes in the
membrane sterol/phospholipid composition of resistant versus
sensitive mammalian cell lines have been reported (reviewed in
[10]). In many of these cases, it is still not clear whether or
how these changes contribute to resistance. It will be impor-
tant to establish whether membrane lipid composition con-
tributes to multi-drug resistance in mammals, as in yeast,
via mechanisms that are additive to the already known active
efflux systems.

Acknowledgements: We thank G. Stocklin for help with the flow cy-
tometry, D. Knutti, D. Kressler and H. Riezman for discussions. The
work was supported by a Human Frontier Science Program long-term
fellowship (A.H.-P.), the University of Basel and Swiss National Sci-
ence Foundation grants (A.K. and H. Riezman), and the Max Cloétta
Foundation (A.K.).

References

[1] Simon, S.M. and Schindler, M. (1994) Proc. Natl. Acad. Sci.
USA 91, 3497-3504.

[2] Georgopapadakou, N.H. (1998) Curr. Opin. Microbiol. 1, 547-
557.

[3] Gottesman, M.M., Hrycyna, C.A., Schoenlein, P.V., Germann,
U.A. and Pastan, 1. (1995) Annu. Rev. Genet. 29, 607-649.
[4] Balzi, E. and Goffeau, A. (1995) J. Bioenerg. Biomembr. 27, 71—
76.
[5] van Veen, H-W. and Konings, W.N. (1998) Biochim. Biophys.
Acta 1365, 31-36.
[6] Bauer, B.E., Wolfger, H. and Kuchler, K. (1999) Biochim. Bio-
phys. Acta 1461, 217-236.
[7] Borst, P., Evers, R., Kool, M. and Wijnholds, J. (1999) Biochim.
Biophys. Acta 1461, 347-357.
[8] Simon, S., Roy, D. and Schindler, M. (1994) Proc. Natl. Acad.
Sci. USA 91, 1128-1132.
[9] Miser, P., Sitterlin, C., Kralli, A. and Kaminsky, R. (1999)
Science 285, 242-244.
[10] Ferte, J. (2000) Eur. J. Biochem. 267, 277-294.

61

[11] Fleckenstein, A., Shallom, J. and Golin, J. (1999) Yeast 15, 133-
137.

[12] van den Hazel, H.B., Pichler, H., do Valle Matta, M.A., Leitner,
E., Goffeau, A. and Daum, G. (1999) J. Biol. Chem. 274, 1934—
1941.

[13] Li, X., Routt, S.M., Xie, Z., Cui, X., Fang, M., Kearns, M.A.,
Bard, M., Kirsch, D.R. and Bankaitis, V.A. (2000) Mol. Biol.
Cell 11, 1989-2005.

[14] Bard, M., Lees, N.D., Burrows, L.S. and Kleinhans, F.W. (1978)
J. Bacteriol. 135, 1146-1148.

[15] Gaber, R.F., Copple, D.M., Kennedy, B.K., Vidal, M. and Bard,
M. (1989) Mol. Cell. Biol. 9, 3447-3456.

[16] Graham, T.R., Scott, P.A. and Emr, S.D. (1993) EMBO 1J. 12,
869-8717.

[17] Shah, N. and Klausner, R.D. (1993) J. Biol. Chem. 268, 5345-
5348.

[18] Vogel, J.P., Lee, J.N., Kirsch, D.R., Rose, M.D. and Sztul, E.S.
(1993) J. Biol. Chem. 268, 3040-3043.

[19] Welihinda, A.A., Beavis, A.D. and Trumbly, R.J. (1994) Bio-
chim. Biophys. Acta 1193, 107-117.

[20] Prendergast, J.A., Singer, R.A., Rowley, N., Rowley, A., John-
ston, G.C., Danos, M., Kennedy, B. and Gaber, R.F. (1995)
Yeast 11, 537-547.

[21] Kaur, R. and Bachhawat, A.K. (1999) Microbiology 145, 809-
818.

[22] Garabedian, M.J., Iniguez-Lluhi, J.A. and Kralli, A. (1999) in:
Nuclear Receptors, a Practical Approach (Picard, D., Ed.), Vol.
207, pp. 233-59, Oxford University Press, Oxford.

[23] Kralli, A., Bohen, S.P. and Yamamoto, K.R. (1995) Proc. Natl.
Acad. Sci. USA 92, 4701-4705.

[24] Sitcheran, R., Emter, R., Kralli, A. and Yamamoto, K.R. (2000)
Genetics 156, 963-972.

[25] Mahe, Y., Lemoine, Y. and Kuchler, K. (1996) J. Biol. Chem.
271, 25167-25172.

[26] Kolaczkowski, M., van der Rest, M., Cybularz-Kolaczkowska,
A., Soumillion, J.P., Konings, W.N. and Goffeau, A. (1996)
J. Biol. Chem. 271, 31543-31548.

[27] Sikorski, R.S. and Hieter, P. (1989) Genetics 122, 19-27.

[28] Egner, R., Rosenthal, F.E., Kralli, A., Sanglard, D. and Kuchler,
K. (1998) Mol. Biol. Cell 9, 523-543.

[29] Egner, R., Mahe, Y., Pandjaitan, R. and Kuchler, K. (1995) Mol.
Cell. Biol. 15, 5879-5887.

[30] Munn, A.L., Heese-Peck, A., Stevenson, B.J., Pichler, H. and
Riezman, H. (1999) Mol. Biol. Cell 10, 3943-3957.

[31] Urbina, J.A., Visbal, G., Contreras, L.M., McLaughlin, G. and
Docampo, R. (1997) Antimicrob. Agents Chemother. 41, 1428—
1432.

[32] Jensen-Pergakes, K.L., Kennedy, M.A., Lees, N.D., Barbuch, R.,
Koegel, C. and Bard, M. (1998) Antimicrob. Agents Chemother.
42, 1160-1167.

[33] Arsenault, A.L., Ling, V. and Kartner, N. (1988) Biochim. Bio-
phys. Acta 938, 315-321.



