Biochemistry2007,46, 683—695 683
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ABSTRACT. The interactions of the ligand binding domain (LBD) of androgen receptor (AR) and the AR
T877A mutant, found in prostate cancer, with peptides from coactivator and corepressor proteins or random
phage display peptides were investigated using in vitro time-resolved fluorescence resonance energy transfer
(TR-FRET). Interaction of wild-type AR LBD with the random phage display peptide D11FxxLF was
observed with dihydrotestosterone (DHT), testosterone, R1881, estradiol, spironolactone, progesterone,
and cortisol resulting in distinct dose dependencysde@alues for each ligand and correlating well with

the reported rank order potency of these agonists. Increasing concentrations of cyproterone acetate and
mifepristone resulted in more complete disruption of the DHT-mediated AR-D11FxxLF peptide interaction,
while flutamide, hydroxyflutamide, and bicalutamide caused only partial disruption of the complex. The
mutant AR T877A LBD exhibited increased binding affinities for all ligands tested except for bicalutamide,
mifepristone, DHT, and R1881 in a competitive binding assay as compared to wild-type AR LBD. This
mutation was also characterized by increased ligand potency for agonist-induced peptide recruitment.
Although usually an antagonist, hydroxyflutamide was more potent in the recruitment of D11FxxLF or

an SRC3-1 LXXLL motif to AR T877A LBD than AR LBD. The antagonist cyproterone acetate behaved

as a full antagonist of D11FxxLF recruitment to AR LBD and AR T877A LBD but as a more potent
agonist in the recruitment of SRE3 to AR T877A LBD. These results suggest that the AR T877A
mutation affects both ligand affinity and ligand dose dependency for peptide recruitment and may explain
in part the altered responses of antagonists and increased transcriptional activation reported in androgen-
independent prostate cancers.

Androgen receptor (AR)is a transcription factor that is  response elements located in the promoter region of androgen-
involved in the ligand-inducible gene regulation of male responsive genes, and the subsequent association with
sexual development, prostate growth, spermatogenesis, andoactivator proteins1( 2). Similar to the other steroid
bone metabolism. The physiological ligands for AR are the hormone receptors, AR consists of an N-terminal transacti-
steroid testosterone and the testosterone metabolite, dihyvyation function (AF1), a DNA-binding domain, and a
drotestosterone (DHT). Upon binding hormone, AR under- c_terminal ligand binding domain (LBD) that contains a

goes a conformational change that causes chaperone proteingyonq ransactivation region (AF2). The LBD also contains
to dissociate and results in translocation of AR from the the major recognition sites for coactivator interaction, via

cytoplasm to the nucleus, binding to DNA at androgen the LXXLL or FXXLF nuclear receptor interaction motifs
found in most coactivator proteins including AR-specific
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detection of prostate abnormalities has greatly improved with of peptide interactions with AR versus the AR T877A mutant
prostate-specific antigen (PSA) tests, prostate cancer remainsising TR-FRET. Our results indicate that both the ligand
the second leading cause of cancer death in nié&). (  affinity for the receptor and the ligand dose dependency for
Treatment of prostate cancer by androgen ablation therapyAR interactions with the peptides D11FxxLF and SR{3
via surgery or luteinizing hormone-releasing hormone ago- differ between the wild-type AR LBD and the LBD bearing
nists combined with androgen blockade therapy using anti- the T877A mutation.
androgens often works for a limited time before the tumor
becon?es resistanit4, 16). This resistance has been attributed MATERIALS AND METHODS
to AR gene amplification {7—19), mutation of the AR Materials. The peptides were synthesized and labeled with
leading to altered ligand specificity2Q—22), and altered  fluorescein (FI) at the N-terminus by Anaspec (San Jose,
expression of coactivator3—25). A number of mutation CA) or were purchased from Anaspec with a reactive
hotspots are found in the LBD, including the prevalent point cysteine at the N-terminus, labeled using fluorescein-male-
mutation found in prostate cancer in which threonine 877 is imide (Invitrogen/Molecular Probes; Eugene, OR), and
replaced with alanine (T877A)1(, 14, 26, 27). Crystal- purified by HPLC. The peptides were quantified by measur-
lography indicates that this residue contacts thg&Hydroxyl ing the absorbance at 493 nm in 0.1 N NaOH, and the
group of androgen28—31). The T877A mutation has been concentration was calculated using the extinction coefficient
shown to expand the ligand binding capacity of AR for of 73 000 cnt* M~ for fluorescein.
different ligands and cause abnormal induction of gene Black assay plates were 384-well low-volume plates from
expressionZ2, 26). AR containing this T877A mutation is  Corning (Cat. No. 3676; Corning, NY) for a 20_ assay
characterized by structural alterations in the binding pocket volume. Ligands were diluted in 96-well polypropylene
facilitating interaction with ligands such as progesterone, plates from Nalge Nunc (Rochester, NY) or 384-well
estradiol, and anti-androgens, which bind to the wild-type polypropylene plates from Costar/Corning (Corning, NY).
receptor with reduced affinity2@, 29, 30, 32, 33). The The ligand 2-hydroxyflutamide (OHF) was purchased from
T877A mutation, found in the prostatic carcinoma cell line LKT Labs (St. Paul, MN). Bicalutamide was from Toronto
LNCaP, also appears to be responsible for differential ligand Research Chemicals (Ontario, Canada). R1881 was pur-
effects, causing some antagonists such as hydroxyflutamidechased from Perkin-Elmer (Wellesley, MA). All other ligands
(OHF) and cyproterone acetate (CPA) to behave as agonistsyere from Sigma Chemical Co. (St. Louis, MO). The terbium
(34, 35). In addition to its role in reproductive cancers, AR (Tb) anti-GST antibody, Fluormone AL Red, and assay
has been found in osteoclast cells where it is believed to buffers were from Invitrogen (Madison, WI). AR Red
play a role in bone deposition and prevention of osteoporosisscreening buffer (part no. PV4295) was used for the
in men @36). competitive ligand binding assay, and AR Green assay buffer
Wild-type AR has been shown to interact strongly with (part no. P3011) was used for the peptide-based TR-FRET
the AR N-terminaP3FQNLF” motif and to favor interaction  assay. Both buffers were completed by addition of DTT to
with FXXLF motifs from ARA70 and ARA54 over the a final concentration of 5 mM immediately prior to use.
LXXLL motifs of the SRC/p160 coactivator family37— Expression and Purification of AR Ligand Binding Do-
40), although some higher affinity interactions with SRC mains.The rat wild-type AR sequences corresponding to the
LXXLL motifs have been reportedrj. Charged sequences protein domain bearing the hinge and ligand binding domains
in the AR LBD AF2 domain, especially E709, E893, K720, (amino acids 606902; NP_036634) and tagged with both
K717, R726, and to a lesser extent E897, are known to glutathione S-transferase (GST) and 6x Histidine (His) at
modulate coactivator recruitment, and sequences flanking thethe N-terminus were sub-cloned into a pFastBac | vector
FXXLF motifs help determine binding specificity to the LBD  (Invitrogen Corp., Carlsbad, CA). This vector was used to
(37—39). Until recently, comparison of coactivator interac- create a bacmid for recombinant baculovirus production in
tions with the T877A mutant AR has been lacking. Mife- the Bac-to-Bac system (Invitrogen Corp., Carlsbad, CA). The
pristone, an antagonist of progesterone receptor and gluco-64 MW protein was found in the inclusion bodies of the
corticoid receptor, was reported to inhibit R1881-induced recombinant-baculovirus infected BTI-TN-5B1-4 Tricho-
coactivator interaction with AR and the T877A mutant and plusia ni cells (HighFive, Invitrogen Corp., Carlsbad, CA)
also mediated corepressor binding to AR)( In very recent and purified by denaturation, renaturation, and concentration
studies, the T877A mutant was characterized by a slowerby ammonium sulfate precipitation to a physical purity of
ligand dissociation rate for androgens R1881, DHT, and at least 85%. The rat AR LBD is identical in sequence to
testosterone but did not exhibit an increased binding for the human AR LBD and is referred to as wild-type AR (WT
FXXLF or LXXLF motifs in the presence of androger&]. AR). A mutated version of the rat AR LBD bearing a
Since all prostate cancers eventually become refractorythreonine to alanine change corresponding to residue 877
to anti-androgen therapy, new pharmaceutical approachegAR T877A) in the human numbering was prepared using
may involve targeting the proteirprotein interactions of  the Quick-Change Site Directed Mutagenesis kit from
coregulators with AR. Toward the goal of comparing ligand Stratagene (LaJolla, CA) and expressed and purified as
affinity differences and peptide recruitment for the wild-type described above. The active concentration of receptor was
AR and T877A mutant, we have examined the effects of assessed by quantitation GHJ-methyltrienolone:receptor
agonists and antagonists on ligand-induced recruitment of acomplexes using a hydroxylapatite (HAP) assay. The percent
panel of peptides derived from known coactivators and total of active AR, based on théH]-methyltrienolone HAP
corepressors as well as random phage display peptides. Thassay, was typically between 5 and 10% (lowest estimate).
experiments herein measure the ligand affinity using a Competitve Binding TR-FRET Assa¥he relative binding
competitive binding assay and quantify the dose dependencyaffinities of a panel of ligands for both WT AR and AR
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T877A were measured by the ability of these compounds to GST dilution prepared in AR Green assay buffer aned 5
displace a fluorescently labeled AR ligand, Fluormone AL of a 4x pre-mixture of Fl-labeled D11FxxLF peptide and
Red, from AR. |G, determinations for the panel of ligands Tb anti-GST anti-body. Final assay conditions after all
were performed by testing each ligand at concentrations additions were 5 nM receptor, 500 nM Fl-labeled D11FxxLF,
typically ranging from 3Q«M to 2 pM (some lower-affinity 5 nM Tb anti-GST antibody, and 1% DMSO. DMSO was
ligands were tested using higher concentrations) using 3-foldincluded as a constant concentration because it is a common
serial dilution steps (each data point in duplicate) to generatesolvent in compound libraries. Appropriate controls included

a 16-point doseresponse curve. Serial dilutions of each
ligand were first prepared at 1@0concentration in DMSO
and then diluted to 4 concentration (at 4% DMSO) in assay
buffer. Additions to the assay wells were made in the
following order: ligand dilutions or DMSO solvent control;
1 nM AR LBD; 10 nM Fluormone AL Red/5 nM Tb anti-
GST antibody. Maximum displacement of Fluormone AL
Red was measured in control wells containingg™d DHT

on each plate. Plates were incubated & h at room
temperature (22°C). TR-FRET was then measured as

replicate wells that contained no agonist (control for ligand-
independent binding), no AR LBD GST protein (negative
control for diffusion-enhanced FRET), and maximum agonist
(positive control). The plate was gently agitated, incubated
at room temperature, and protected from light prior to TR-
FRET measurement.

Antagonist Ligand TitrationsAs above, test antagonists
were diluted to 10& concentration in DMSO, and serial
dilutions in DMSO were performed to maintain ligand
solubility in a multi-well polypropylene plate. The test

described in Measurement of TR-FRET (below) except a antagonists were then diluted tocZinal concentration in
different set of emission filters were used: the second AR Green assay buffer in the polypropylene plate, followed
terbium emission peak was detected using a 546-nm filter by transfer of 10uL of each dilution to a 384-well black
(10-nm bandwidth) and the emission of receptor-bound assay plate. Each well in the 384-well assay plate then

Fluormone AL Red was detected using a 570-nm filter (10-
nm bandwidth).
Determination of LXXLL and FXXLF Peptide Interaction

received SuL of a 4x AR LBD GST dilution prepared in
AR Green assay buffer for a final concentration of 5 nM. A
4x pre-mixture of Fl-labeled D11FxxLF peptide, Tb anti-

Peptides that interacted with AR LBD were screened in assayGST anti-body, and DHT agonist, included at a concentration

wells containing a mixture of 20 nM AR LBD plus &M
ligand or an equivalent amount of DMSOuM Fl-labeled

that corresponded to the B§=ECgp as determined from the
agonist mode assay, was then added asud Bliquot to

peptides, and 5 nM Tb anti-GST antibody added in AR Green each well the for a final concentration of 500, 5, and 5 nM,

assay buffer to a 384-well plate in a final volume of 20
The plate was mixed gently, covered to protect from light,

respectively. The final assay volume wasi20 Appropriate

controls included all components as above except: no

and stored at room temperature for 4 h. The TR-FRET ratio antagonist (negative control); maximum antagonist (positive

was measured as described below.

Peptide Titration Fl-labeled peptide was serially diluted
into AR Green assay buffer in a 384-well assay plate with
final reaction conditions containing 20 nM AR LBD GST
and 5uM ligand (or equivalent volume of DMSO), followed
by addition of Tb anti-GST antibody to a final concentration
of 5 nM. Assay plates were either the 384-well black
cliniplate (LabSystems; Franklin, MA) for a 44 volume
or the low volume 384-well plate for a 20L volume
(Corning; Corning, NY). The plate was mixed gently and

incubated at room temperature protected from light. The TR-

FRET ratio was measured afta 4 hincubation.
Peptide affinity for the DHT-occupied receptor was

control); no AR LBD GST in an antagonist titration (negative
control); and antagonist titration with no agonist (negative
control). The plate was gently mixed, incubated at room
temperature, and protected from light prior to TR-FRET
measurement.

Z'-Factor Determinationsi-or the agonist mode assay, the
Z'-factor was determined from 24-replicate wells containing
maximal concentration of DHT or no agonist plus 5 nM AR
LBD GST, 500 nM Fl-labeled D11FxxLF, and 5 nM Tb anti-
GST antibody in AR Green assay buffer. For antagonist
mode, theZ'-factor was determined from 24 replicate wells
containing maximal concentration of CPA or no antagonist,
followed by addition of 5 nM AR LBD GST plus 5 nM DHT,

estimated in assays that contained increasing concentratiorO0 nM Fl-labeled D11FxxLF, and 5 nM Tb anti-GST

of Fl-peptide plus 5 nM AR LBD GST or AR T877A LBD
GST, 5uM DHT, and 5 nM Tb anti-GST antibody. A

antibody. The assay was incubated at room temperature, and
TR-FRET was measured at 1, 2, 4, 6, and 24 h. The

parallel titration was conducted in the absence of receptor. equation is

To correct for diffusion-enhanced FRET, the sensitized

emission from fluorescein (520 nm) in the absence of

Z=1- [(30c1+ 30c2)/|(/'{ cl_ﬂcz)l]

receptor was subtracted from the sensitized emission from
fluorescein (520 nm) in the presence of DHT-occupied whereo ¢; ando ; are the standard deviations of the positive
receptor and plotted against peptide concentration to deter-and negative control wells in the assay plate, respectively,
mine approximate affinity values. andu 1 andu ¢, are mean values for the positive and negative
Agonist Ligand TitrationsTest ligands were diluted to  control wells in the assay plate, respective3)( The
100x concentration in DMSO, and serial dilutions in DMSO reported Z'-factors are the average of three independent
were performed to maintain ligand solubility in a multi-well  experiments.
polypropylene plate. The test ligands were then diluted to  Measurement of TR-FRETR-FRET was measured using
2x final concentration in AR Green assay buffer in the a Tecan Ultra plate reader (Tecan, Durham, NC). The terbium
polypropylene plate, followed by transfer of 10 of each donor was excited using a 340-nm excitation filter with a
dilution to a 384-well black assay plate. Each well in the 30 nm bandwidth. The first (of four) terbium emission peaks
384-well assay plate then received:b of a 4x AR LBD is centered between 48505 nm and overlaps with the
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Table 1: Relative Binding Affinity of Panel of Ligands for

Wild-Type AR or AR T877&

Ozers et al.

dichroic mirror supplied by Tecan, the acceptor signal was

measured using a 520-nm filter (25-nm bandwidth), and the

ICs0 (NM)

WT ICs¢/
ligand wild-type AR AR T877A  T877AICs

DHT 1.1+ 0.04 1.3+ 0.01 0.8
R1881 1.4+0.2 1.3+ 0.1 1.1
testosterone* 45 0.2 2.6+ 0.03 1.7
mifepristone* 66+ 1 115+ 5 0.6
estradiol* 240+ 20 70+ 3 3.4
spironolactone* 2428 89+ 1.3 27

cyproterone acetate* 310 0.5 32+ 2 9.7
progesterone 56& 50 10+ 0.5 56

hydroxyflutamide 210@: 200 1444+ 0.1 15

bicalutamide* 2306k 120 4500+ 90 0.5
flutamide* 65200+ 1300 9900+ 400 6.6
cortisol 116000t 9800 7000+ 300 17

a|Cso values represent ligand concentration required for 50%
displacement of Fluormone AL Red from the receptor. Reported values

donor signal was measured using a 495-nm filter (10-nm
bandwidth); (filter set PV003 from Chroma Technology
Corp, Rockingham, VT). Binding curves were generated
from the ratio of the 520 nm (acceptor) emission to the 495
nm (donor) emissionyfaxis) versus the log of the concentra-
tion (x-axis). The data were fit using nonlinear regression
with an equation for sigmoidal dose response (variable slope)
in GraphPad Prism (GraphPad Software, Inc, San Diego, CA)
or XLFit4 (IDBS, Guildford, UK). The statistical significance

of the differences between WT AR and AR T877A was
analyzed for Tables 1 and 3 using an unpaired t test or a
more rigorous unpaired t test with Welch's correction

were determined from two independent experiments. *, indicates (GraphPad Prism). The unpaired t test was used in data sets
difference between wild-type AR and AR T877A is statistically when the variances were not significantly different, and the

significant o < 0.05).

excitation peak of fluorescein. TR-FRET values were
calculated as the ratio of raw acceptor to donor intensities
averaged from 10 excitations (flashes) per well and measure
with a 100 us post-excitation delay and 20@s signal

unpaired t test with Welch'’s correction was used when the
variances were significantly different, as determined in an
F test. To determine the statistically significant differences
Jeetween ligand relative binding affinity (Table 1) and ligand
dose dependency for peptide interaction (Table 3), thg IC

integration time. Background subtraction or crosstalk cor- values of Table 1 were compared with the corresponding
rection was not required. Using the stock “fluorescein” ECso or ICs value of Table 3 with an unpaired t test using

Table 2: Fluorescein-Labeled Coregulator and Random Phage Display Peptides

SRC1-1
SRC1-2
SRCL-3
SRCH4
SRC2-1
SRC2-2
SRC2-3
SRC3-1
SRC3-2
SRC3-3

CBP-1
TRAP220/DRIP-1
TRAP220/DRIP-2
RIP140 L6
RIP140 L8

PGCl
PRIP/RAP250

D22
C33
EAB1
EA2
TAl
TB3

AR(16-34)
ARA70
D11 FxxLF

SMRT ID1
SMRT ID2
NCoR ID1
NCoR ID2 (short)

P160 Family of Steroid Receptor Coactivators
KYSQTSHKLVQLL TTTAEQQL
LTARHKILHRLL QEGSPSD
ESKDHQLLRYLL DKDEKDL
GPQTPQAQQKSLQQLL TE
DSKGQTKLLQLL TTKSDQM
LKEKHKILHRLL QDSSSPV
KKKENAL LRYLL DKDDTKD
ESKGHKKLLQLL TCSSDDR
LQEKHRILHKLL QNGNSPA
KKENNALLRYLL DRDDPSD

Other Important Coactivator Proteins
AASKHKQLSELL RGGSGSS
KVSQNPLTSLL QITGNGG
NTKNHPMLMNLL KDNPAQD
SHOQKVTLLQLLL GHKNEEN
SFSKNGLSRLL RQNQDSY

PPAR-Specific Coactivator Proteins
EAEEPSILKKLL LAPANTQ
VTLTSPLVNLL QSDISAG

Random Phage Display Peptides
LPYEGSLLLKLL RAPVEEV
HVEMHPLLMGLL MESQWGA
SSNHQSSRIELL SR
SSKGVLWRMLAEPVSR
SRTLQLDWGTLYWSR
SSVASREWWVRELSR

AR-Interactive Peptides
SKTYRGAFQNLFQSVREVI
SRETSEKKLLF QSYNVND
VESGSSRMQLF MANDLLT

Corepressor Peptides
GHQRVVTLAQHISEVI TQDYTRH
HASTNMGLEAIIRKAL MGKYDQW
RTHRLITLADHICQII TQDFARN
NLGEDIIRKAL MG

NR box 1
NR box 2
NR box 3
NR box 4
NR box 1
NR box 2
NR box 3
NR box 1
NR box 2
NR box 3

CREB binding protein, motif 1
TRAP220/DRIP205, motif 1
TRAP220/DRIP205, motif 2
receptor interacting protein 140, motif 6
receptor interacting protein 140, motif 8

PPARy coactivator protein @
PPAR interacting protein 250

resembles RIP140, PGC-1, DAX-1, SHP
resembles TRAP220, RIP140
tamoxifen-induced

tamoxifen-induced

tamoxifen-induced

tamoxifen-induced

N-terminal AR sequence
AR specific coactivator
resembles GRIP1, SRC-1, AIB-1

motif 1
motif 2
motif 1
motif 2

aThe peptides containing interaction motifs (in bold) were labeled with fluorescein at the N-terminus. NR box, nuclear receptor interaction
motif; PPAR, peroxisome proliferator-activated receptor; CBP, CREB binding protein; TRAP, thyroid hormone receptor associated protein; DRIP,
vitamin D receptor interacting protein; RIP, receptor interacting protein; PRIP, PPAR interacting protein; AR, androgen receptor; DAX-1, dosage-
sensitive sex reversal-adrenal hypoplasia congenital critical region on the X chromosome gene 1; SHP, short heterodimer partner; GRIRdiglucocort
receptor-interacting protein 1; SRC-1, steroid receptor coactivator-1; AIB1, amplified in breast cancer 1; SMRT, silencing mediator faamdtinoid
thyroid hormone receptors; NCoR, nuclear corepressor; ID, interaction domain.
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Ficure 1: Relative binding affinities of selected ligands for AR WT versus AR T877A using a competitive binding assay. Increasing
concentrations of each compound were incubated with 1 nM receptor, 10 nM Fluormone AL Red, and 5 nM Tb anti-GST antibody for 6

h prior to measurement of TR-FRET. Representative titrations of two independent experiments are shown for a subset of the ligands tested
using WT AR (A) and AR T877A (B). Mif, mifepristone; Prog, progesterone; Flut, flutamide.

Table 3: Ligand EG, or ICs, Values for Wild-Type AR or AR detected because of its proximity to the long lifetime Tb
T877A in Agonist or Antagonist Mode donor. The binding affinityKy) of Fluormone AL Red was
measured as 123 1.4 nM for WT AR LBD and 11.5+

agc:gztn?c’de Y peii(”MiR A TomESd 13 nM for AR T877A LBD (data not shown). Thus,
Fluormone AL Red could readily be used with both WT AR
gﬁ.}r& 32_'2&’; é:g ;;’i é:g 11.'3 and AR T877A in a competitive binding assay to measure
testosterone 4411 20+1.1 1.4 relative ligand binding affinities of common AR agonists
estradiol 71+ 19 12+ 3.8 5.9 and antagonists.
;?égg;fgﬁgf* ;g‘;i §§ ;Ei i; 712 When increasing concentrations of ligand were used to
cortisol 39300+ 9700 1420+ 23 28 displace Fluormone AL Red from the receptor, the agonists
hydroxyflutamide* 910+ 190 34+ 5.4 27 R1881, testosterone, and DHT all bound with low nanomolar
‘g’i?é"tr?srt%':]eeacetate N’E)‘D N’E)‘D ligand affinity to WT AR (Figure 1 or Table 1), in agreement
P with the relative binding affinities reported for these ligands
antagonist mode 16 (NM) WT ICsy/ (2). DHT and R1881 also bound with similar affinity to AR
ligand wild-type AR AR T877A T877A ICs T877A. The ligands testosterone, estradiol, spironolactone,
cyproterone acetate* 32p 33 108+ 18 30 cyproterone acetate (CPA), progesterone, hydroxyflutamide
mifepristone* 210+ 9.5 270+ 7.1 0.8 (OHF), flutamide, and cortisol bound with higher affinity to
Ei)grﬁgm%aemide gég é %gg zéggi ﬁo g-g the T877A mutant, compared to WT AR (Figure 1 and Table
flutamide* 28000+ 700 5G60CL 350 50 1). Only mifepristone and bicalutamide bound with relative

higher affinity to the WT AR than AR T877A (Table 1).

aECso or 1Cs values represent average ligand concentratibn ( The rank order affinity of ligands for WT AR was DHF

standard error) for recruitment (agonist) or displacement (antagonist) . . S
of Fl-labeled D11FxxLF from receptor. All values were from 2 to 7 = R1081> testosterone- mifepristone> estradiol~ spirono-

independent experiments. ND, not determined. *, indicates difference lactone> CPA > progesterone>> OHF ~ bicalutamide
between wild-type AR and AR T877A is statistically significapt< >> flutamide>> cortisol. These relative binding affinities
0.05). Bold, indicates difference between Table 3 value and the \yere similar to those reported by Kemppainen et al. on a
goégs'oond'ng ligand value in Table 1 is statistically significants( " g hqet of these ligands using whole cell competitive binding
— assaysZ). The rank order affinity of ligands for AR T877A

was DHT ~ R1881 > testosterone> spironolactonex
the mean value, standard error of each value, and the numbepogesterone- CPA > estradiol> mifepristone> OHF

(N) of replicates. >> bicalutamide> cortisol > flutamide. These T877A
results are similar to the relative binding affinities of the
RESULTS ligands R1881, DHT, progesterone, CPA, and estradiol

The ligand binding activity of the WT AR and AR T877A previously reported ip LNCaP cell2§). Our resu'lts with'
was assessed using a radioactive methyltrienolone (R1881)0rogest_ero_ne,_estradlol, OHF’ and CPA agree w ith previous
hydroxylapatite assay, to calculate the active concentration €POrts indicating that these ligands bind W'th higher affinity
of receptor preparations, and by a TR-FRET-based competi-1© AR T877A than WT AR g6, 29, 32). All ligands tested,
tive ligand binding assay. In this competitive assay, a Th- €xcept for bicalutamide, mifepristone, DHT, and R1881,
labeled anti-GST antibody binds to the GST tag of the AR bound with higher affinity to the mutant T877A receptor than
LBD, and a fluorescent AR ligand, Fluormone AL Red WT AR, suggesting that the structural alterations in the ligand
(“tracer”), binds to the ligand binding pocket of the receptor. Pinding pocket generated from the change from the more
When the Th-labeled anti-GST antibody is excited, energy bylky threqn_lne to the smaller glanlne results in a higher
is transferred from the Tb to the fluorescent moiety on the Pinding affinity for several agonists and antagonists.
tracer, allowing for detection of tracer binding to AR. To compare the interaction of the AR LBD versus the
Disruption of this FRET signal is then used to detect ligands mutant T877A LBD with peptides derived from coactivator
that compete with the tracer for binding. When measured in and corepressor proteins or from random phage display, a
a time-resolved mode, only the receptor-bound tracer is Tb donor-FI acceptor methodology using TR-FRET was
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Ficure 2: Principle of the peptide recruitment assay. The in vitro interaction assay is comprised of a GST-tagged nuclear receptor LBD,
Tb anti-GST antibody, Fl-labeled LXXLL or FXXLF peptide, and a test ligand. When an agonist binds to the LBD, helix 12 adopts a
conformation resulting in higher affinity of the receptor for the Fl-labeled LXXLL peptide. Light of 340 nm is used to excite the Th label
which in turn transfers energy to the Fl label on the peptide, yielding an increase in TR-FRET. Antagonist-occupied LBD has a less
favorable conformation for interaction with the Fl-labeled LXXLL peptide resulting in no detectable TR-FRET. For simplicity, the AR
protein is depicted as a monomer with one associated Tb anti-GST antibody transferring energy to one associated Fl-labeled coactivator
peptide, but the exact stoichiometry and structure of this interaction is unknown. NR, nuclear receptor.

developed (Figure 2). Agonist-bound nuclear receptors adoptbinding to peptides containing FXXLF motifs rather than
a favorable conformation around helix 12 in the LBD that LXXLL motifs (31, 38, 40, 56, 57). Our results with the
results in higher affinity for the coactivator peptide, usually AR N-terminal peptide also agreed well with those previously
bearing an LXXLL or other similar interaction motif. When reported indicating that an N-termindkBD interaction
the Thb label on the anti-GST antibody is excited at 340 nm, occurs in the presence of agonist but is disrupted by
energy is transferred to the Fl label on the associated antagonists such as OHEQ, 57).

coactivator peptide and detected as emission at 520 nm, Tq choose the peptide that would provide the largest assay
resulting in a larger 520:495 emission ratio. Binding of window, a peptide titration was conducted in the presence
antagonist to nuclear receptors causes a conformationalpf wT AR LBD (Figure 4). All three peptides demonstrated
change around helix 12 that precludes coactivator peptideagonist-dependent recruitment, as indicated by the larger TR-
binding, and no TR-FRET is detected. Gel filtration studies FRET ratio observed in the presence of DHT Compared to
with purified AR T877A in the presence or absence of DHT cpA or no ligand (Figure 4). The increase in TR-FRET in
suggested that the receptor is predominantly monomeric inthe presence of no-ligand or CPA at high peptide concentra-
agreement with crystal structure studi@§)( and elution of  tjons is largely due to diffusion-enhanced FRET rather than
AR T877A coincided with ligand binding activity as nonspecific recruitment of the peptide to the receptor, as
determined in a fluorescence polarization assay using Fluo-determined from peptide titrations done in the absence of
rmone AL Red (data not shown). receptor (Figure 4B)58). These results also indicated that
The peptides tested (Table 2) were selected from knownthe largest assay window was between 250 and 500 nM of
coregulator proteins or random phage display peptidesthe Fl-labeled D11FxxLF peptide (see arrow; Figure 4B),
bearing the coactivator LXXLL motif, AR-specific FXXLF  and this peptide was selected for further studies. Ligand
motif, or the corepressor (CoRNR) box motif of IX —X— titrations using varying amounts of DHT, CPA, or DMSO
I/IH=I—X—=X—=X—I/L (37, 44-55). The AR N-terminal solvent were conducted with constant amounts of AR, Th
sequence (AR 1634) known to mediate an intradomain anti-GST antibody, and either 250 or 500 nM Fl-labeled
interaction with the LBD was also included. D11FxxLF has D11FxxLF (data not shown). The use of 500 nM Fl-labeled
been shown to interact with AR comparable to AR coacti- D11FxxXLF gave the larger assay window (data not shown),
vator motifs 88). The peptides included were chosen on and this concentration of peptide was used for subsequent
literature predictions of what might interact with AR and experiments to examine ligand dose dependency on peptide
other nuclear receptors as an initial broad screening panel.recruitment. An estimate of peptide affinity indicated that
Each peptide was labeled at the N-terminus with Fl. Fl-labeled D11FxxLF bound with the highest affinity to
To determine which peptides interact with the receptor in DHT-occupied WT AR (Figure 5A) and AR T877A (Figure
a ligand-dependent manner, an initial peptide screen was9B). Use of higher concentrations of Fl-peptide to determine
conducted with constant amounts of AR LBD GST, Tb anti- Peptide-receptor affinities presents challenges because dif-
GST antibody, Fl-labeled peptide, and excess amounts offusion-enhanced FRET affects formation of an upper plateau,
DHT, OHF, or CPA or an equivalent volume of DMSO and therefore complete assessment of peptide affinity is
solvent (Figure 3). The peptides D11FxxLF, ARA70, and difficult. Further comparisons of the effects of ligand on
AR N-terminus gave the highest fold change in the presencePeptide recruitment to AR and AR T877A were conducted
of DHT compared to the no-ligand control as determined in Using ligand dose dependency studies.
the TR-FRET assay, and these three peptides were selected To characterize the agonist dose dependency for Fl-labeled
for further analysis in a peptide titration. The overall change D11FxxLF recruitment to AR, ligand titrations were con-
in TR-FRET ratios for all peptides tested was similar for ducted in wells containing 5 nM AR LBD GST, 5 nM Tb
both WT AR (Figure 3A) and AR T877A (Figure 3B) anti-GST antibody, and 500 nM Fl-labeled D11FxxLF
suggesting that both receptors recruit these peptide motifspeptide. When DHT was titrated into the assay, the Fl-labeled
in a similar manner. Similar to previous reports, AR favored D11FxxLF peptide was recruited to AR in a DHT-dependent
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Ficure 3: Screening of peptide panel with WT AR and mutant AR T877A in the TR-FRET recruitment assay. The TR-FRET ratio was
measured afted h for reactions containing 20 nM AR LBD GST (A) or 20 nM AR T877A (B)uM Fl-labeled peptide, M ligand
(listed) or equivalent amount of DMSO solvent, and 5 nM Th anti-GST antibody.

manner with an Eg value of 4.6 nM & 4 h for the factor for DHT-mediated recruitment of Fl-labeled D11FxxLF
representative experiment shown (Figure 6) and an averagdo AR T877A from three independent experiments was 0.74
of 3.2+ 0.9 nM (Table 3). This E€ was very stable at 2, at4 h and also averaged at least 0.7 at 2, 4, 6, and 24 h. The
4, 6, and 24 h tested. The Hill Slope of the data fit (sigmoidal average Egp for DHT ligand was 5 nM as calculated from
dose response, variable slope) indicates that positive coop-multiple titrations and was used to design the antagonist
erativity is occurring. This suggests that AR may be forming response assay.

a dimer in the assay. FXXLF motifs have been shown to  Experiments to quantitate the ligand dose dependency for
mediate intramolecular conformational changes prior to AR Fl-labeled D11FxxLF recruitment to WT AR LBD (Figure
dimerization (0), and it is possible that D11FxxLF is 7A) versus AR T877A LBD (Figure 7B) in agonist mode
facilitating an AR-AR interaction between the LBDs. indicated that several ligands (summarized in Table 3), such
Cooperativity could also be observed if ligand-induced as progesterone, spironolactone, estradiol, OHF, and cortisol,
receptor conformations lead to cooperative binding of have a lower Eg value for the T877A mutant. Overall
multiple Tb anti-GST antibodies or a second Fl-peptide on differences in the TR-FRET ratio observed with WT AR and
the AR dimer. It should be noted that similar cooperative the T877A mutant for ligands that yielded a maximal TR-
interactions are observed in a TR-FRET assay for PPAR FRET ratio (DHT and testosterone) versus ligands that
(59). The Z'-factor is a statistical parameter, often applied resulted in an intermediate TR-FRET ratio (R1881, estradiol,
to high throughput applications, that measures both an assayspironolactone) are likely due to differences in receptor
signal dynamic range and the data variation of signal conformation and/or amount of complex formed (Figure 7).
measurements4@). Z'-factors >0.5 indicate an excellent  Slight fluctuations in maximal and minimal TR-FRET values
assay with high statistical reliability, and a value of 1 between similar experiments can be observed from day to
indicates a theoretically ideal assay with no variatid8) ( day due to changes in instrument gain settings, which is
The average of th&'-factor from three independent experi- normal. Similar to Figure 6, the Hill slope indicates the
ments was 0.78tal h and averaged 0.7 at 2, 4, 6, and 24  presence of positive cooperativity especially in the presence
h for WT AR, which indicated an excellent assay. Tie of DHT, testosterone, and R1881, suggesting that ligand
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dimerization and/or enhanced interactions between the recep- 0.3 frrmm—r Ty T T
tor-bound Tb anti-GST antibody and Fl-peptide in the assay. 10 102 10 10° 10' 10% 10° 10¢
Binding of estradiol and spironolactone to the WT AR does [DHT] (nM)

not appear to induce a receptor conformation that leads toFiIGURE 6: DHT-induced D11FxxLF recruitment to AR LBD GST.
this cooperativity. The rank order potency for ligand- Increasing concentrations of DHT were incubated with 5 nM AR

: : : ; LBD GST, 500 nM Fl-labeled D11FxxLF, and 5 nM Tb anti-GST
mediated D11FxxLFreceptor interaction with WT AR was antibody. TR-FRET was measured after the times listed at room

R1881~ DHT ~ testosterone estradiol> spironolactone  temperature. A representative experiment of three independent
> progesterone- OHF > > cortisol. The rank order potency  experiments is shown.

for AR T877A was R1881> testosteronex DHT =

progesterone> spironolactone> estradiol > OHF > that arises from day-to-day instrument gain settings, slight
cortisol. Although not all differences between WT AR and variation in pipetting between users, and other usual experi-
AR T877A in Table 1 and Table 3 were statistically mental error precluded the assignment of statistical signifi-

significant (noted by asterisks), the differences were observedcance for every ligandp(value was 0.0522 for estradiol in

in multiple independent experiments, and therefore are Table 3). However, a very reproducible trend was found in

scientifically important. For example, the 6-fold difference these experiments.

between Eg values for WT AR and AR T877A in the For estradiol, progesterone, cortisol, and OHF, the increase
presence of estradiol, summarized in Table 3, was observedn ligand binding affinity for AR T877A ranged from 3- to

in each of three independent experiments. The standard errob6-fold (Table 1), but the improved potency for these ligands

(from the average of these three independent experimentsimediating FI-D11xXLF interaction with AR T877A ranged
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Fiure 7: Differential ligand potency for D11FxxLF recruitment ~ FIGURE 8: Antagonist-induced displacement of D11FxxLF from
to AR WT versus AR T877A mutant in the TR-FRET recruitment AR LBD GST versus AR T877A mutant. Increasing concentrations
assay. Increasing concentrations of ligand (listed) were incubated®f antagonist (listed) were incubated with 5 nM AR LBD GST
with 5 nM AR LBD GST (A) or 5 nM AR T877A LBD GST  (A) or 5 nM AR T877A LBD GST (B) followed by addition of
mutant (B) plus 500 nM Fl-labeled D11FxxLF and 5 nM Tb anti- 500 nM Fl-labeled D11FxxLF, 5 nM Tb anti-GST antibody, and 5
GST antibody. TR-FRET was measured afie4 hincubation at nM DHT. The assay was incubated at room temperature, and TR-
room temperature. A representative experimentef ndependent ~ FRET was measured at 4 h. These results are from 2 to 7

experiments is shown. Test, testosterone; E2, estradiol; Spir independent experiments with the listed ligands. Mif, mifepristone;
spironolactone. ’ T ’ "Bic, bicalutamide; Flut, flutamide.

from 6- to 76-fold (Table 3). If the Fl-labeled D11FxxLF tion of both the effect on ligand affinity for the receptor and
concentration is at excess but not at saturating levelsthe ligand dose dependency for peptide interaction with the
(approximately 10 times the affinity estimation), the ligand receptor.

dose dependency value for peptide recruitment or displace- The ability of the AR antagonists CPA, OHF, flutamide,
ment likely includes multiple equilibrium events involving bicalutamide, and mifepristone to disrupt the DHT-mediated
the ligand affinity for the receptor, the equilibrium between Fl-labeled D11FxxLFAR LBD interaction in a dose-
ligand-induced receptor conformational states, and the pep-dependent manner was tested for both WT AR and AR
tide affinity for the ligand-occupied receptor, and therefore T877A (Figure 8). In antagonist mode, 5 nM AR LBD GST
this dose dependency value may not exactly equal the ligandwas added to antagonist titrations followed by addition of 5
affinity value. To determine whether this was the case, further nM Tb anti-GST antibody, 500 nM Fl-labeled D11FxxLF,
statistical analysis was conducted to compare the doseand 5 nM DHT. Recruitment of Fl-labeled D11FxxLF to
dependency value of Table 3 with the corresponding ligand either WT AR (Figure 8A) or AR T877A (Figure 8B) in the
ICso value in Table 1. Several dose dependency valuespresence of DHT agonist was disrupted to a greater extent
(shown in bold, Table 3) indicated a statistically significant by CPA and mifepristone, compared to flutamide, OHF, and
difference from Table 1. Although the lower dose depen- bicalutamide. Increasing concentrations of CPA disrupted the
dency values observed for AR T877A in Table 3 likely reflect DHT-induced interaction between AR LBD GST and FI-
the increased ligand affinity found in Table 1 (see ratio labeled D11FxxLF with an 16 value of 465 nM (Figure
columns in Tables 1 and 3), for those ligands shown in bold 8A; summarized in Table 3) andZ of >0.5 after the 4 h
other factors such as the peptide affinity and rates of ligand- incubation. Saturating amounts of CPA resulted in displace-
induced receptor conformational change appear to affect thement of D11FxxLF peptide from AR with a bottom plateau
EGs, for peptide recruitment or l§gfor peptide displacement,  of ~0.5 FRET ratio (Figure 8A). However, high concentra-
as indicated by the statistically significant differences tions of OHF and bicalutamide resulted in a bottom plateau
between ligand relative binding affinity and ligand dose near~0.7 FRET ratio. In the case of OHF, this smaller fold-
dependency for peptide interaction. These results, sum-change is likely due to the higher affinity between OHF-
marized in Tables 1 and 3, suggest that differences in AR occupied AR and D11FxxLF compared to CPA, as suggested
T877A ligand potency, compared to WT AR, are a combina- by the difference in the maximal TR-FRET ratio observed
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in the presence of these two ligands (Figure 3). Another A WT AR
factor that could influence the TR-FRET ratio observed in 1.4 ~ECz (M)
the antagonist-induced displacement of Fl-labeled D11FxxLF 104 (D;EZ 147'2
is the difference in receptor conformation. Higher concentra- © 0.94s OHF 1010
tions of flutamide to better define a bottom plateau could T 0.8-
not be tested due to solubility limitations. Our results showing § 0.74
mifepristone as a strong AR antagonist agree with the anti- 2 0.6-
androgen effects of this ligand on AR reporter gene expres- E 0.5-
sion previously reportedi(). Although the relative binding 0.4-
affinity of OHF for AR T877A was similar to mifepristone T I —
according to 1G, values (Table 1), mifepristone elicited a 10-310-210-'10°10" 102103104105 10°
more complete disruption of the D11FxxtHAR LBD [ligand] (nM)
interaction, suggesting its usefulness as an anti-androgen. Our
findings indicate that CPA- or mifepristone-induced dis- B AR T877A
placement of D11FxxLF would be useful for comparisons 1.8 ECx (M)
to other antagonists and unknown test compounds, if this 119: CDEI 41'2
methodology is used to screen ligands. The averadgctor © 154 s OHE 50
(43) for the CPA-induced disruption of the DHT-mediated I 1;3:
WT AR complex with Fl-labeled D11FxxLF, as determined S 14
from three independent experiments, was 0.6%4 & and S 1.0+
averaged at least 0.5 at 2, 4,da6 h which indicated an L
excellent reproducible methodology. Similarly, tAefactor 0.7 A
for AR T877A in the antagonist mode from 3 independent 8;2' e —
experiments was 0.5% 4 h and also averaged0.5 at 2, 4, 10-310210-'10° 10" 102102104 10°10°
and 6 h. [ligand] (nM)
Although CPA has been shown previously to behave as Figure 9: Ligand-induced SRC31 recruitment to AR LBD GST
an agonist for AR T877A34, 35, 41), in multiple experi- versus AR T877A mutant. Increasing concentrations of DHT, CPA,

ments CPA consistently antagonized the interaction between%‘g%l‘iAFIil;lgt?jr eGiré%J?g)tegOVgth N? EINII At;RI ng RGCESTL (A) 81’55 FI:AMT'%R
Fl-labeled D11FxxLF and AR T877A. Since these peptides '°/ . : nvl Fl-labele » and > nivl

are expected to be sensitive to different receptor conforma- g? %Sﬁﬂ:;gg?g%ﬁ;?’mg was measurediedtd hincubation
tions, we explored whether another peptide might recognize

an agonistic AR T877A conformation induced by CPA. As 'y tation, potentially due to the larger binding pocket,
shown in Figure 9, CPA was 10-fold more potent and OHF compared to WT AR.

was 20-fold more potent in inducing an interaction between . . .

AR T877A and Fl-labeled SRG3L, compared to WT AR. D11FxxLF is a random phage display peptide that
This effect of CPA is similar to the results of Berrevoets et [€Sembles the SRC family of coactivator proteins in its
al. who observed partial agonistic activity on wild-type AR lanking sequences but also has the FXXLF motif found in
gene transactivation and more potent CPA effects on AR the AR N-terminal interaction domain and AR-specific
T877A in LNCaP cells 35). Although SRC3-1 is an coactivators. In this regard, D11FxxLF is a biological mimic
LXXLL-containing peptide, overexpression of SRC3 has of the N-terminal and SRC coactivator interactions with the
been detected in LNCaP cells, suggesting a correlation withAR LBD. In the agonist-mediated D11FxxLF recruitment
prostate cancer signalin@®). These results highlight the studies (Table 3), we fou_nd_ that the agonists DHT, testoster-
usefulness of employing several peptides, such as D11FxxLFone, and R1881 had similar ELvalues for D11FxxLF
and SRC31, to determine the effect of ligand-induced interaction with either WT AR or AR T877A. Estradiol,
receptor conformations and to enhance the biological rel- SPironolactone, and progesterone all exhibited increased
evance of results observed with purified LBDs and short Potency for D11FXXLF recruitment to AR T877A, compared

peptides in vitro. to WT AR. Also of note, AR T877A responded to cortisol
as an agonist with increased potency in recruitment of FI-
DISCUSSION labeled D11FxxLF, compared to WT AR, similar to previous

Our results indicate that WT AR and AR T877A are reports by Steketee and colleagu8§)( The effect of the
characterized by differential ligand binding affinities and T877A mutation on both ligand affinity and dose dependency
ligand dose dependency for peptide recruitment. Using a for D11FxXLF recruitment is encompassed in the ligandEC
competitive binding assay, we observed that several ligandsvalues observed in the peptide recruitment assay, which is a
tested except for mifepristone and bicalutamide bound with composite value reflecting multiple equilibrium events
higher affinity to AR T877A than to WT AR. In particular, between ligand affinity for the receptor, receptor conforma-
progesterone, estradiol, cortisol, and OHF bound with higher tional states, and peptide affinity for the receptor. Although
affinity to AR T877A than WT AR, similar to other reports  overall levels of D11FxxLF recruitment to WT AR or AR
(30, 32, 33), and we also observed higher affinity for the T877A were similar in the presence of excess ligand (Figure
mutant with other ligands such as spironolactone, CPA, and3), the observed increase in ligand affinity and related
flutamide. DHT and R1881 bound with similar affinity to increase in ligand potency for D11FxxLF recruitment to AR
both WT AR and AR T877A. Our results indicate that many T877A for ligands such as estrogen, progesterone, cortisol,
ligands can bind with higher affinity to the AR T877A spironolactone, and OHF may explain in part the upregulation
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of gene expression and cell growth rates previously reportedID2 peptide, in the presence of DHT, R1881, CPA, OHF,
in LNCaP cells 22). bicalutamide, and mifepristone and also in the absence of

In our studies, we wanted to examine if antagonists such any ligand for both WT AR and AR T877A and observed
as OHF and CPA would behave as agonists in mediatingonly a very low-level mifepristone-induced interaction of
recruitment of peptides to AR T877A versus WT AR. When SMRT ID2 with WT AR and AR T877A (data not shown).
OHF was used in the TR-FRET assay in antagonist mode Our results may differ because we used a corepressor peptide
(Figure 8), the level of displacement of the DHT-mediated in an in vitro assay versus the larger corepressor protein
D11FxxLF peptide complex with either WT AR or AR domains in cellular studies where other bridging factors may
T877A was marginal, indicating that OHF was inducing a enhance this interaction.

receptor conformational state with substantial affinity for the  The fluorescence-based methodologies described here offer
D11FxxLF peptide. However, when OHF was used in the several advantages for high throughput screening. The
TR-FRET assay in agonist mode (see Table 3), it exhibited competitive binding assay using Fluormone AL Red provides
27-fold increased potency as an agonist for AR T877A in 3 method to compare relative ligand binding affinities for
the recruitment of D11FxxLF, as compared to WT AR, AR and mutations thereof in a solution-based format, without
verifying that OHF was inducing a partial agonist receptor the need to use radioactivity or to separate bound from free
conformation capable of interaction with D11FxxLF. This ||gand In this regard’ the tracer disp|acement approach is
result agrees with previous reports describing partial agonistyseful as a primary screen of compound libraries to identify
activity of OHF on WT AR in reporter assays and receptor potential ligands. The TR-FRET peptide recruitment format
conformation studies6Q, 61). Previous reports have indi-  would be particularly useful as a secondary screen to then
cated that AR T877A responds to OHF as an agonist in genedifferentiate ligands as agonists or antagonists of the
transactivation or cell growth studie84 35). The 15-fold ~ D11FxxLF-AR interaction. Similar TR-FRET formats have
increase in OHF affinity (see Table 1) for AR T877A peen employed for other coactivator peptigiclear recep-
compared to WT AR coupled with the 27-fold increased tor interactions %9, 64). In our methodology, the use of a
potency in the DI11FxXLF recruitment to AR T877A Tb chelate anti-GST antibody provides a means to fluores-
compared to WT AR suggests that both effects may cently label any GST-tagged protein. The ability of the
contribute to the agonist activity induced by OHF on AR |uminescent lanthanide, Tb, to pair with common acceptors
T877A. CPA consistently behaved as an antagonist in thesuch as Fl 65, 66) enables the use of several different
displacement of D11FxxLF from either WT AR or AR peptides, easily labeled with these fluorophores, in a panel
T877A. However, CPA had agonist activity and was to examine multiple peptideAR interactions. Although not
characterized by increased potency in the recruitment of encountered in these studies, it should be noted that false
SRC3-1to AR T877A compared to WT AR, indicating that negatives may occur if a test compound inactivates the
different peptides are able to recognize the CPA-induced receptor or directly causes the antibody or peptide to be
receptor conformation with altered affinity. Flutamide and displaced. Our TR-FRET assays were also tolerant of
bicalutamide exhibited only intermediate displacement of solvents commonly used in pharmaceutical libraries such as
D11FxxLF from either WT AR or AR T877A, suggesting methanol, ethanol, and DMSO (data not shown), indicating
that these ligands possessed only partial antagonist activitythat these assays are amenable to high throughput screening.
in the displacement of D11FxxLF from the receptor. These Therefore, this format provides a useful methodology to build

results suggest that SRE2 might be more biologically  a panel of assays to examine multiple nuclear receptor+BD
relevant as a peptide sensor to discern the agonist effects otoregulator peptide interactions.

usual antagonists such as CPA and OHF.

. ; ) In conclusion, our studies indicate that AR T877A is
Mifepristone resulted in the most complete displacement

characterized by increased ligand binding affinity and
of D11FxxLF from both WT AR and AR T877A. Our results  jreased ligand potency in peptide recruitment for several

agree in part with previous findings that described mifepris- |i5an4s such as estradiol, progesterone, spironolactone, OHF
tone as apptential anti-androgen for prostate cancer therapy,, q CPA, which may explain in part how AR T877A is ’
(41, 62). Similar to Song and co-workers who detected qtivated by progesterone, estrogen, and anti-androgens
mifepristone inhibition of R1881-mediated AR interactions during prostate cancer treatment. Recent studies have indi-
with coactivators, TIF2 anf-catenin 41), we also observed  caiaq” that FXXLF-containing peptides may be able to
mifepristone-induced disruption of DHT-mediated complex nction as antagonists themselves for ligand-dependent or
formation of both D11FxxLFAR LBD and D11FxxLF ligand-independent AR-mediated gene transcriptim. Our

AR T877A LBD. The antagonist effect of mifepristone on - ethodologies could be used to further probe the biology
both WT AR and AR T877A and its ability to completely ot AR peptide interactions to find peptide antagonists for
displace D11FxxLF similar to CPA highlight its potential | \se as new therapeutics and also to screen unknown

usefulness as a prostate cancer therapeutic. Song et al. alsgymnaunds as agonists, antagonists, or partial modulators
described an interaction between AR and the interaction based on their ability to either promote or disrupt peptide

domains of corepressors, NCoR and SMRT, with mifepris- niaractions with AR.

tone mediating a stronger interaction than OHF, CPA, or

bicalutamide, as determined by mammalian two-hybrid and AckNOWLEDGMENT
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