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Identification of novel steroid-response elements

Zafar Nawaz, Ming-Jer Tsai, Donald P. McDonnell, and Bert W. O’Malley

Department of Cell Biology, Baylor College of Medicine, Houston, Texas

A rapid method for defining novel steroid-responsive elements has been developed. Large libraries
of degenerate oligonucleotides were analyzed using a yeast-based screen to identify estrogen-
responsive DNA sequences. From a library of 40,000 recombinants, seven estrogen-responsive clones
were identified. When sequenced, these elements showed remarkable diversity and were different
from the consensus vitellogenin A2 ERE. One surprising result was the presence of the two half
sites as direct repeats in some of the clones. This implies that in vivo estrogen receptor can bind
and transactivate yeast genes through response elements in which the two half sites align as direct
repeats. This protocol requires no purified protein and specifically selects for functional response
elements. It has a wide application in the study of any transcription factor/DNA interaction.

Steroid hormones are potent modulators of
the transcriptional events that regulate
homeostasis and development. These hormones
mediate their effects by binding to specific in-
tracellular receptor proteins. Such binding leads
to a conversion of the protein from an inactive
to a transcriptionally active form. The activated
receptor is then capable of regulating transcrip-
tion rates of responsive genes by interacting with
specific regulatory sequences near target genes
(Ringold, 1985; Yamamoto, 1985; Strahle et al.,
1987; Evans, 1989; Beato, 1989; O’'Malley, 1990).

A number of DNA recognition sequences
(steroid response elements, SREs) for the ste-
roid hormone receptor super-family have been
defined. A comparison of these sequences has
indicated that they are similar, though distinct
(Beato, 1989; O’'Malley, 1990). Classically, SREs
have been defined by deletion analysis of ste-
roid-responsive promoters, and by a determi-
nation of the minimal sequences required to
transfer steroid responsiveness upon a hetero-
logous promoter (Druege et al., 1986). Such ap-

proaches have identified SREs for the estrogen
(Klock et al., 1987; Glass et al., 1987; Kumar and
Chambon, 1988), progesterone/glucocorticoid
(Tsai etal., 1988; Pfahl, 1982; Giesse et al., 1982),
thyroid hormone (Evans, 1989; Glass et al., 1987),
retinoic acid, and vitamin D receptors (Walker
etal., 1984; Kerner et al., 1989). Sequence com-
parisons reveal that these SREs are remarkably
similar, and with the exception of SREs for the
vitamin D receptor and retinoic acid receptor,
they generally represent short palindromic se-
quences that have a dyad axis of symmetry
(Kerner et al., 1989). The contribution of each
of these bases in the sequences has been ana-
lyzed extensively; this allows definition of criti-
cal contact points of the receptor and DNA
(Strahle et al., 1987; Kumar and Chambon, 1988;
Umesono and Evans, 1989). Such studies rely
on the identification of a few distinct SREs, with
additional elements defined by mutational mod-
ifications of these original sequences (Strahle
et al., 1987).

We wished to develop a random and rapid
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approach to identify novel steroid response ele-
ments using synthetic response elements derived
from random-sequence oligonucleotides. Pre-
viously, random-sequence oligonucleotides have
been used to define consensus sequences of
E. coli promoter elements (Oliphant and Struhl,
1988), yeast GCN4 protein-binding sites (Oli-
phant et al., 1989), different classes of yeast TATA
elements (Singer et al., 1990), and the binding
sites of MyoD and E2A proteins (Blackwell and
Weintraub, 1990). These methods require tran-
scription factors free of other DNA-binding pro-
teins. For this study we chose to develop a screen
that would allow the identification of DNA se-
quences from libraries of degenerate oligonu-
cleotides which would allow a specific transcrip-
tional response to receptor. During the course
of our studies, a similar approach was reported
to define an NGFI-B binding site (Wilson et al,,
1991). This approach utilized the DNA-binding
domain of NGFI-B expressed as part of a LexA-
NGFI-B-Gal4 chimeric activator protein.

We and others have previously reported on
the successful reconstitution of an estrogen-
responsive transcription unit in yeast (Metzger
etal,, 1988; Fuquaetal., 1991; Pham et al., 1991).
This yeast-based technology was used to develop
a screen that would identify novel steroid re-
sponse elements for intact receptors among
large libraries of degenerate oligonucleotides.
Our goal was to enhance the understanding of
estrogen action at its cognate DNA response
elements and would provide a simple model
that could be used to identify response elements
for authentic members of the steroid hormone
receptor superfamily.

Materials and methods

Materials

DNA-manipulating enzymes were obtained
from Promega, Boehringer Mannheim, or New
England Biolabs. ['2°]] protein A was obtained
from ICN. The immobilon-P (PVDF) transfer
membranes (IPVM 30uRo) were purchased from
Millipore, and rabbit anti-rat antibody (IgG) was
purchased from Zymed. Estradiol-178, adenine
sulfate, o-nitrophenyl p-p-galactopyranoside, and
uracil were from Sigma. Casamino acids, yeast
nitrogen base without amino acids, and dextrose
were obtained from Difco.
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Buffers

Homogenization buffer for analysis of receptor
contained 10mM Tris-HCI, 2mM EDTA, 5mM
dithiothreitol, and 10% glycerol (TEDG) and
300mM KCI (TEDG with salt). Transcriptional
buffer for p-galactosidase assays contained
0.12M Na2HPO4, 0.04M NaH2PO4, 10mM KCl,
ImM MgSO4, and 0.27% 2-mercaptoethanol,
pH 70.

Yeast strains

The S. cerevisiae strain BJ3505 (mat a, pep4:
:His3, Prb61-A 1.6R, His3, Lys 2-208, Trpl-A 101,
Ura 3-52, Gal2 (CUP 1)) was used throughout
this study (Moerle et al., 1986). All yeast trans-
formations were carried out using the lithium
acetate transformation protocol (Ito et al., 1983).

DNA constructions

The construction of YEPEI10, a high copy num-
ber yeast expression vector, has been described
previously (McDonnell et al., 1991). The expres-
sion vector YEPEI0 was transformed into
BJ3505, and transformants were isolated by tryp-
tophan auxotrophy. The construction of the
estrogen-responsive reporter YRPE2 has been
described previously (Fuqua et al., 1991; Pham
etal., 1991). To construct the reporter plasmid
YRPD2, in which the two receptor binding half
sites are aligned as direct repeats, two copies
of an oligonucleotide were inserted into the
unique Bgl II site of plasmid PC3 (Pham et al,,
1991). The oligonucleotide sequence is as follows:
GATCCTAGAGGTCACAGGGTCATACGA. The
copy number and orientation of the inserted
sequences were determined by sequencing.

Preparation of yeast extracts

S. cerevisiae cells containing YEPE10 were grown
overnight in minimal media containing 2% glu-
cose and essential amino acids at 30°C. The
yeast were then subcultured in fresh medium
and allowed to grow until early mid-log phase
(ODsgoo = 1.0). Induction of receptor was initi-
ated by the addition of 100pM copper sulfate
to the culture, which was then allowed to grow
for another 4-6 hours. Cells were harvested by
centrifugation and washed twice with TEDG.
This and all subsequent steps were done at 4°C.
The pellet was resuspended in TEDG buffer con-
taining 300mM KCI. The cell suspension was
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mixed with an equal volume of glass beads (0.5
mm; Braun Instruments) and disrupted by vor-
texing in a microfuge tube. The homogenate
was centrifuged at 12,000g for 10 minutes. The
supernatant was collected, and protein concen-
tration was estimated by the method of Brad-
ford (1976) using bovine serum albumin as a
standard.

Western immunoblotting

Proteins from yeast were resolved on a 10%
SDS-polyacrylamide gel and transferred to im-
mobilon membranes as described previously
(Carson et al., 1987). Solid phase radioimmuno-
assay was performed as described (Carson et
al., 1987) using monoclonal antibodies (D-75)
directed against human ER (kindly provided
by Dr. Geoffrey Greene, University of Chicago).

Transcriptional assays

Yeast strains containing the receptor expression
plasmid and reporter plasmid were grown in
minimal medium minus uracil and tryptophan
in the presence and absence of hormone (17
B-estradiol) and copper sulfate overnight at
30°C. Yeast extracts were prepared from these
cells and assayed for B-galactosidase activity as
described previously (Miller, 1972).

Construction and propagation of (SRE)n library

Single-stranded oligonucleotides corresponding
to the sequences below were synthesized. De-
generacy was achieved by using a mix of all four
bases at each random position (N). The pri-
mary oligonucleotide sequence was:

5 GCATGCATAGATCTNNNGNNCNNN
NNGNNCNNNGGATCCAAGCTTCG 3

The degenerate oligonucleotides were converted
to double-stranded DNA (Oliphant et al., 1986;
Oliphant and Struhl, 1987) using a 14-mer
primer complementary to the 3’ end of the de-
generate oligonucleotides. A library of 40,000
clones was prepared in E. coli by cloning the
double-stranded oligonucleotides into the unique
Bgl II site of yeast reporter plasmid YRPC3
(Pham et al., 1991), yielding YRP(SRE)n. DNA
was prepared from the E. coli library and then
transformed into yeast strain BJ3505 carrying
the receptor expression plasmid. Transform-
ants were identified by tryptophan and uracil
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auxotrophy on plates containing X-gal and
17B-estradiol.

Transformants developing blue color in the
presence of estrogen were picked, purified, and
analyzed for hormone-dependent transcrip-
tional activation, as described above. Reporter
plasmids were rescued from transformants ex-
hibiting hormone-dependent transcriptional ac-
tivity (Hoffman and Winston, 1987), and the
DNA inserts were sequenced by the dideoxy
chain termination method (Sanger etal., 1977).

Results

Development of the screen

The yeast expression plasmid carrying the
human estrogen receptor cDNA(YEPE10) was
transformed into a protease-deficient strain of
Saccharomyces cerevisiae (BJ3505) by the stan-
dard techniques (Ito et al., 1983). The yeast cells
carrying YEPE10 were grown overnight in mini-
mal media at 30°C. The yeast cells were then
subcultured in fresh medium and allowed to
grow until early mid-log phase (ODeoo = 1). In-
duction of receptor was then initiated by the
addition of 100uM copper sulfate to culture,
which was then allowed to grow for another 4-6
hours. Following induction, cells were harvested
and lysed, and the resultant extracts were ana-
lyzed by immunoblot using D-75 ER antibody. As
shown in Figure 1, the human estrogen recep-
tor expressed in yeast is intact and migrates as
a 65 kDa protein. A subsequent analysis of this
material showed that the hormone-binding
properties were identical to wild-type receptor
(McDonnell et al., 1991). Furthermore, the tran-
scriptional activity of hER expressed in yeast
was similar to that observed in transfected mam-
malian cells (Fuqua et al., 1991; Pham et al., 1991;
McDonnell et al., 1991).

Development of a system for identification of SREs

Much of the existing methodology (Strahle et
al., 1987; Beato, 1989; Druege et al., 1986; Kumar
and Chambon, 1988; Walker et al., 1984; Kerner
etal., 1989) for identification of steroid response
elements is laborious and limited to compara-
tive analysis of sequences from a few steroid-
responsive genes. To overcome these problems,
we utilized the method shown in Figure 2. A
degenerate oligonucleotide was designed follow-
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hER

Figure 1. Western immunoblot analysis of hER ex-

E{ressed in yeast. Yeast extract (50 fig'of protein) from
EPE10 was analyzed by immunoblot as described in
Materials and Methods; using D-75 ER antibody.

ing a comparison of the known steroid response
eléments (Table 1). Nucleotides common to all

response elements are boxed and were left con-

stant in our otherwise random oll%onucleotlde
(Strahle et al., 1986; Klock et al., 1987). Where
choices were involved, we left all nucleotides
constant if they were previously reported to be
receptor contact points. A pattérn evident from
this comparison of different response elements
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Create a Library of
Degenerate Oligonucleotides

Clohe into
Reporter Plasmid

Transform into
BJ3505/hER

Select for TRP+ URA+
on X-Gal + Estradiol Plates

Pick Blue Colonies

Characterize
Transformants

o",0
J
Rescue Plasmid and Sequence

Figure 2. Identification of estrogen response elements
using ayeast-based screen. A library of degenerate 0|I%0-
nucleotides YRP(SRE)n was created bK cloning the
double-stranded oligonucleotides nto the unique Bql
Il site. of yeast reporter_plasmid YRPC3, CYCL is the
east |so-I-c%/tochrome C promoter fused to the struc-
ural gene of E, coli Lac Z URA3 Is the selective marker
foruracil. 2 Micron is the rephcatmlg DNA ofyeast, The
library was introduced Into yeast cells carrying the estro-
gen réceptor expression plasmid d(YEPElO{ and the cells
were selected for tryptophan and uracil auxgtrophy on
plates contaning X-gal and 17(3-estradiol. Transform-
ants developing blue Color were picked, and functional
estrogen response elements were selected.

was the variable nature of the spacer region be-
tween the two recePtor binding half sites. For
the estrogen receptor we_chose a spacer of 3
oligonucleotides, all ofwhich were randomized.
The oligonucleotides were converted to double-
stranded DNA by using a specific primer com-
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Table 1. Sequence of degenerate oligonucleotide and comparison with other SREs.

The sequence of the degenerate oligonucleotide is indicated and aligned to the response ele-
ments for estrogen, glucocorticoid/progesterone, and thyroxine. The sequences found in all
response elements are boxed and were left constant in our oligonucleotide.

Sequence
—
- - [a]- -[c]- (Nyg_5 -
N N N[G|N N[C|N (N)4 N
———‘T="GTCA(N)3 T
_ - Gla A
TTTACC(N)a T
- - -[G|e &|c|a (N T
oo Alefe o

o o o o ol

> =5 » 2Z

-a— - -|Consensus
N|CIN N N | Oligonucleotide
C|C|- — - | ERE

{lc|T - - | GRE/PRE
C|IC|- - -]| TRE

plementary to the 3’ end of the degenerate oligo-
nucleotide (Oliphant et al., 1986; Oliphant and
Struhl, 1987). The double-stranded oligonucleo-
tides were cloned in the Bgl Il site of the YRPC3
vector (Pham et al,, 1991) and propagated in
E. coli, generating a library of approximately
40,000 clones.

To assay for functional steroid response ele-
ments, the library was introduced into yeast cells
carrying an estrogen receptor expression plas-
mid, and transformants were selected for tryp-
tophan and uracil auxotrophy on selective plates

containing estradiol and X-gal. The plates were
incubated at 30°C for several days. A total of
157 blue colonies were picked, purified, and
reassayed in the presence and absence of estra-
diol. Ninety-six percent of blue colonies exhib-
ited hormone-independent transcriptional ac-
tivity. We attributed these to the generation of
cryptic transcription factor binding sites in our
library. However, 4% of the blue colonies ex-
hibited hormone-dependent transcriptional ac-
tivity. Reporter plasmids were rescued from
hormone-dependent transformants, and the

Table 2. Sequence and transcriptional activities of hormone-dependent response elements.

Reporter plasmids were rescued from hormone-dependent transformants, and the DNA inserts were sequenced. The sequence
and transcriptional activities of hormone-dependent transformants were aligned to the reference reporter (YRPE2), carrying the

vitellogenin A2 ERE and YRPC3.

p-Galactosidase

PC3

Construct Miller Units

Xho | . —H | +H

—556GycT LLacZ | [ 47| 43

YRPE2 —-CAGGTCACAGTGACCTG-—LacZ ] | 0 |3200
#1—GCGGGGCGCAGTGTGCTGT —{LacZ | {240]| 846
#4 —GTGGTTCGGCTCGTGCGAA—{LacZ | [140[2313
#9 —CGGGGTCAGGCGGTCcCcCCT—{lLacZ | [120]1173
#12 —ACAGCACAACGGGACCCGG—{LacZ | | 0 [1280
#13 —CCCGGACACAAGGCCCAGG—{ LacZ | [106[12886
#39 —-ACGGTAACAGTCGTTCG- —{LacZ | |306]|3540
#45 —TCGGTGCCTGGTGTGCCTC—LacZ | |120]|2780
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DNA inserts were sequenced. The sequence and
transcriptional activities of hormone-dependent
transformants are shown in Table 2.

The transcriptional activity of YRPEZ2, the
reference reporter carrying the vitellogenin A2
ERE, and transformant #12 were absolutely
hormone-dependent. Transformants #1, #4, #9,
#13, #39, and #45 exhibited a low basal activity
which was inducible by hormone. With one ex-
ception, the basal activity was <10% of the in-
ducible activity. Induction varied 7- to 23-fold
from the basal level. To demonstrate that the
transcriptional activity exhibited by these trans-
formants was receptor-dependent, the reporter
plasmids containing synthetic EREs were trans-
formed into a yeast strain that did not contain
estrogen receptor, and transformants were se-
lected by uracil auxotrophy. These transform-
ants were grown in the presence or absence of
estradiol and copper sulfate. The cytosols were
prepared and analyzed for B-galactosidase ac-
tivity. As expected, neither the reference re-
porter, YRPE2, nor the reporter plasmids con-
taining synthetic EREs stimulated induction of
B-galactosidase activity under any conditions
(data not shown).

Sequence analysis of hormone-dependent
transformants suggests that the sequences of
all the transformants were different from the
consensus sequence of the estrogen response
element. In the latter response element, the two

Transcriptional Activity of hER from Reporter Plasmids YRPE2 & YRPD2

3000

Miller Units
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half sites are organized as inverted repeats. Sur-
prisingly, the two half sites of clones #9 and #45
consisted of direct repeats. In the clone #45,
direct repeats are misaligned by one base. These
results might suggest that the estrogen recep-
tor can function in yeast from a response ele-
ment in which the two half sites are present
as either direct or indirect repeats. In the
clone #39, the conserved C in the first half
is changed to A, while in the second half both
conserved G and C are changed to C and T re-
spectively. These changes in the conserved nu-
cleotides might have originated during oligo-
nucleotide synthesis. This suggests that these
bases are not critically important for functional
interaction of estrogen receptor with its re-
sponse elements.

To confirm that the estrogen receptor can
bind and transactivate transcription from a re-
sponse element in which the two receptor bind-
ing half sites are aligned as direct repeats, an
oligonucleotide was constructed containing the
receptor binding sites as perfect direct repeats.
This oligonucleotide was cloned into the Bgl II
site of the plasmid PC3 (Pham et al,, 1991),
(YRPD2). This plasmid was transformed into
the yeast cells containing the receptor expres-
sion plasmid. The transcriptional activity of
estrogen receptor through this response ele-
ment was compared to those of a perfect palin-
drome under varying copper concentrations in

Figure 3. Transcriptional activ-
ity of hER from reporter plas-
mids containing receptor bind-
ing sites as direct or indirect
repeats. The yeast cells contain-
ing YEPE10 and YRPE2 plas-
mids and the cells containing
YEPE10 and YRPD2 plasmids
were grown in minimal media
in the absence and presence of
estradiol with increasing con-
centrations of copper sulfate
(CuSO4). Cytosols were pre-
pared, and induction of lacZ
was measured. The B-galactosi-
dase activity measured in yeast
extracts is expressed as Miller
units per mg protein.

YRPE2
YRPD2

+H B8 Miller Units
-H & Miller Units
+H 8 Miller Units

YRPE2 & YRPD2

L4

0 _P h 4 n - - - = = - -

40 60 80
Cus04 (uM)

100

120
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the presence and absence of hormone. Cytosols
were prepared, and induction of lacZ activity
was measured (Fig. 3). These data suggest that
in the absence of hormone, the receptor can-
not stimulate induction of transcription from
either response elements. Transcriptional activ-
ity was observed only in the presence of hor-
mone. Both reporters demonstrated a similar
transcriptional activity. These results confirmed
that the estrogen receptor can transactivate tran-
scription from yeast response elements in which
receptor binding half sites are aligned in direct
or indirect repeats. These results are in contrast
with other published results (Naar et al., 1991).

The EREs identified in this study were com-
pared to the mammalian gene bank by computer
scanning analysis (Table 3) to see if novel estro-
gen responsive genes could be identified. This
analysis revealed that homologous sequences
were present in promoters of several mam-
malian genes. A review of the literature indi-
cated that most of these genes had been re-
ported to be under estrogen regulation, but
these reports did not identify the sequences re-
sponsible for this effect. For example, the ERE
in transformant #4 is homologous to the se-
quences found in the promoter region of hu-
man phosphoglycerate kinase gene. The ERE
sequences of transformant #12 are homologous
to the sequences present in the promoter of
human serum retinol binding protein. The ERE
of transformant #13 is similar to sequences
found in the promoter regions of human elastin,
muscle creatin kinase, complement C3, and
HMG CoA reductase gene, as well as those found

Table 3. Comparison of synthetic ERE sequences with
the mammalian gene bank.

The estrogen response elements identified from large librar-
ies of degenerate oligonucleotides were compared to the mam-
malian gene bank. The genes containing homologous se-
quences and regulated by estrogen were identified.

Sequences of estrogen
response elements identified
from degenerate
oligonucleotide libraries

Genes containing homologous
sequences in the promoter regions
and regulated by estrogen

#4 GGTTCGNNNCGTGC Human phosphoglycerate kinase gene
#12 GCACANNNGGACC Human serum retinol binding protein
#13 GGACANNNGGCCC Human elastin gene
Human musdle creatin kinase gene
Human complement C3 gene
Human HMG CoA reductase gene
Mouse muscle creatin kinase gene
Chicken apo VLDL 1l gene
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in the promoter regions of mouse muscle
creatin kinase gene and chicken apo VLDL II
genes.

Using this identical strategy, we have also
identified several progesterone-responsive ele-
ments. Some of the progesterone-responsive
elements are also present in direct repeats (data
not shown).

Discussion

Most current methods for the identification of
the steroid response elements rely on a deletion
analysis of steroid-responsive promoters to
define the minimal amount of sequence re-
quired to transfer hormonal regulation from
one gene to another (Druege et al., 1986). This
analysis is often followed by mutagenesis of the
core element. We describe here an alternative
method that utilizes a reconstituted estrogen
response system in yeast to screen large libraries
of possible steroid response elements. Using this
approach, we have identified and sequenced
seven estrogen response elements. A compari-
son of these sequences suggests that most are
similar but nonidentical to the consensus vitel-
logenin ERE (Klein-Hitpass et al., 1988). One
surprising result was the presence of the two
half sites arranged as direct repeats in some
of the clones. This suggests that the estrogen
receptor can transactivate genes in yeast via re-
sponse elements in which the two half sites align
as direct repeats. To confirm this hypothesis, a
synthetic response element containing two re-
ceptor binding sites as direct repeats was con-
structed, and induction of gene transcription
from this response element was examined. This
study confirmed that estrogen receptor can ac-
tivate gene transcription through response ele-
ments in which receptor recognition sites are
present as direct or indirect repeats.

It has been suggested that thyroid hormone
receptor, retinoic acid receptor, and vitamin
D3 receptor can selectively bind and transac-
tivate genes from direct repeat response ele-
ments (Umesono et al., 1991). Notably, our re-
sults contradict those of Naar et al. (1991), who
suggest that estrogen receptor cannot induce
gene transcription from response elements in
which receptor binding sites are aligned as di-
rect repeats. We are in general agreement with
this observation from our previous studies in
the same animal cells (data not shown). Never-



46

theless, it is quite possible that these differences
may be due to cell-specific factors which mod-
ulate gene induction via protein-protein inter-
action and should be tested in a wide variety
of eucaryotic cells.

Comparison of the estrogen response ele-
ments identified in this study with the mam-
malian gene bank revealed that homologous se-
quences were present in the promoters of
various mammalian genes. Most of these genes
were reported to be regulated by estrogen,
but their response elements have not yet been
identified.

The system described here is not limited to
asingle receptor, and it can be used to identify
the response element for any DNA-binding pro-
tein. To confirm this we have also used this sys-
tem to identify progesterone receptor response
elements (PREs). This system could also be use-
ful for identifying the response elements for
the “orphan” members of the steroid receptor
superfamily. Identification of such sequences
is required for eventual functional analysis of
these receptors. In view of the expanding num-
ber of sequences in the gene bank, it is possible
that this approach may be useful in identifying
new steroid-responsive genes.

The system developed in this study has ma-
jor advantages over in vitro methods (Oliphant
et al., 1989; Singer et al., 1990; Blackwell and
Weintraub, 1990). This system does not require
purified protein, high affinity antibodies, or a
heterologous expression system. Our system also
has limited advantages over the previously de-
veloped in vivo system which was employed to
identify the NGFI-B DNA-binding sites (Wilson
et al,, 1991). The system utilized the DNA-
binding domain of NGFI-B expressed as part
of a LexA-NGFI-B-Gal4 chimeric protein. The
LexA DNA-binding domain may interfere with
the selection of target sequences, whereas our
method does not require fused protein. Also,
our system requires one-step selection, not
two-step.

This system also has several other advantages.
Using a random oligo approach, all possible
response elements can be identified, not just
those based upon a known sequence. The screen
can be designed to rank elements relative to
activity. The system is rapid and requires only
the expression of the receptor in yeast. No
purified receptor is necessary for this assay. The
same oligo library can be used for most steroid
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superfamily members. Finally, by comparing
the sequences of the identified elements, a more
informative consensus binding sequence can
be derived.
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