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Crystallization and preliminary X-ray analysis of the
human androgen receptor ligand-binding domain
with a coactivator-like peptide and selective
androgen receptor modulators

The ligand-binding domain of the human androgen receptor has been cloned,
overproduced and crystallized in the presence of a coactivator-like 11-mer
peptide and two different nonsteroidal ligands. The crystals of the two ternary
complexes were isomorphous and belonged to space group P2,2,2,, with one
molecule in the asymmetric unit. They diffracted to 1.7 and 1.95 A resolution,
respectively. Structure determination of these two complexes will help in
understanding the mode of binding of selective nonsteroidal androgens versus
endogenous steroidal ligands and possibly the origin of their tissue selectivity.

1. Introduction

The androgen receptor (AR) is a ligand-inducible steroid hormone
receptor that is widely distributed throughout the body and is
involved in diverse transcriptional regulation pathways. The function
of AR is regulated by the binding of androgens, which initiates
sequential conformational changes of the receptor that affect
receptor—protein interactions and receptor—-DNA interactions.

Androgens act on most body tissues and have a variety of bio-
logical effects. They stimulate prenatal differentiation of male
reproductive tissues and their development during puberty. In adults,
androgens, which are required for the maintenance of these tissues,
play a key role in stimulating sexual function in men (Collins ef al.,
2003; Gottlieb et al., 2005; Heinlein & Chang, 2002; Pelletier, 2000).

With increasing life expectancy, it can be anticipated that osteo-
porosis in men, and its clinical end point of fracture, will rapidly
become an issue for public healthcare. There is general agreement
that testosterone-replacement therapy (TRT) has a protective effect
on bone mass and improves muscle strength. Indeed, TRT has been
shown to normalize bone-mineral density and biochemical para-
meters of bone turnover in hypogonadal (Snyder et al., 2000; Wang et
al., 2004) or aged men (Snyder et al., 1999; Szulc et al., 2000). In
addition, testosterone has also been shown to be beneficial in HIV-
induced cachexia (Bhasin et al., 2000). The main issues surrounding
TRTrelate to an increase in the risk of clinically progressive prostate
carcinoma as well as the precipitation or exacerbation of benign
prostatic hyperplasia. They also include an increase in the haem-
atocrit owing to persistent erythropoietic stimulation and a tendency
toward thrombosis. In addition, the effects of androgens on lipid
metabolism need to be further clarified. The potential adverse effects
of androgens compromise their prolonged utilization (reviewed in
Gooren, 2003).

Androgens can be classified as steroidal or nonsteroidal based on
their structure. Endogenous androgens and modified steroidal ligands
have some shortcomings that limit their general use, mainly their
potential for generating side effects and their mode of administration;
owing to their high hepatic first-pass metabolism, endogenous ster-
oidal androgens can only be administered either by intramuscular
injections or transdermal patches. Potential uses of androgens include
male hormone-replacement therapy, male contraception and treat-
ment of bone disorders, wasting diseases and female androgen defi-
ciency, amongst many others. In contrast to agonists, nonsteroidal
androgen antagonists have been marketed for many years (Labrie,
1993; Hamann et al., 1998) and are currently used in the treatment of

Acta Cryst. (2008). F64, 1159-1162

doi:10.1107/51744309108036683 1159



crystallization communications

prostate cancer (Suzuki er al, 2008). Possible other indications
include benign prostatic hyperplasia and androgen-dependent
disorders such as acne, androgenic alopecia and hirsutism. Theor-
etically, androgen therapy could be almost as widely used as female
sex-hormone therapies, but this would require more selective and
effective therapeutic agents.

In this context, the development of selective androgen receptor
modulators (SARMs) with intrinsic partial agonist activity offers an
opportunity to characterize new therapeutic agents with tissue-
selective activity profiles, i.e. molecules that will prevent bone loss,
stimulate new bone formation and muscle growth and, conversely,
have a reduced stimulatory effect on the prostate (Rosen & Negro-
Vilar, 2002; van Oeveren et al., 2006). To gain further insight into the
structure—activity relationships of androgens and to determine
whether we can explain the behaviour of two ligands we have
developed on a structural basis, a structural study of complexes
formed with the human AR ligand-binding domain (hAR LBD) was
undertaken.

2. Material and methods
2.1. Cloning and expression

The ¢cDNA encoding the ligand-binding domain (LBD; amino
acids 663-919) of the human androgen receptor was cloned
C-terminally to a thioredoxin-6His cassette in a modified pET32a
vector. A thrombin cleavage site was inserted between the thio-
redoxin-6His and the LBD, which allowed both purification with and
release of the thioredoxin-6His moiety. Escherichia coli BL21 (DE3)
bacteria were transformed and plated on solid Luria—Bertani medium
supplemented with 100 ug ml™" ampicillin as a selection agent.
Colonies were grown at 310 K. The best expressing colony was
selected and used to inoculate 51 fermentors.

Typically, 3 1 bacterial culture was grown at 310 K in Luria-Bertani
medium containing 50 ug ml~"' ampicillin and enriched with 5% (v/v)
glycerol. When the ODggonm reached 2.3, the incubation temperature
was linearly decreased to 289 K and 10 pM of ligand (final concen-
tration) was added. The culture was grown at 289 K until the ODggg
reached 2.5. At this point, induction was performed by the addition of
isopropyl B-p-1-thiogalactopyranoside to a final concentration of
0.5 mM and the culture was left to grow overnight. The final ODggg
reached 13-17. Cells were harvested and kept at 193 K until use.

2.2. Purification

The purification protocols used to obtain both the LBD-ligand-1
and LBD-ligand-2 complexes (Fig. 1) were similar. All operations
were performed at 277 K unless specified. The syntheses of the
ligands will be reported elsewhere.
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Figure 1
Planar formulae of ligand-1 (left) and ligand-2 (right).

A frozen pellet of 30 g was resuspended in four volumes of lysis
buffer (50 mM Tris pH 8, 100 mM NaCl) supplemented with EDTA-
free protease-inhibitor cocktail tablets (one tablet per 50 ml). After
homogenization at 277 K, the sample was sonicated in an ice-water
bath for 45 min.

After sonication, the volume was adjusted to 180 ml with lysis
buffer. NaCl powder and 2 M imidazole solution were added to
achieve final concentrations of 400 mM and 20 mM, respectively. This
sample was submitted to ultracentrifugation at 140 000g at 277 K for
1 h. The supernatant was loaded at 2.5 ml min~" onto a 5 ml HisTrap
column (GE Healthcare) equilibrated in a buffer containing 50 mM
Tris pH 8.0, 400 mM NaCl, 20 mM imidazole and 10 pM ligand. To
remove contaminants, the column was washed first with a buffer
containing 50 mM Tris pH 8, 400 mM NaCl and 40 mM imidazole and
then with the same buffer containing 80 mM imidazole. The protein
was eluted from the column with a linear gradient of imidazole (to
500 mM). To avoid precipitation owing to too high a concentration of
protein during elution, 1 ml fractions were collected in a 96-well plate
containing 1 ml buffer solution (50 mM Tris pH 7.5, 50 mM NaCl,
10% glycerol and 1 mM EDTA) per well. The presence of the protein
was checked on a pre-casted SDS NuPAGE gel (Invitrogen) stained
with Coomassie blue. Fractions containing the thioredoxin-6His-hAR
LBD were pooled.

The cleavage was performed by thrombin, which was added to
25 U per milligram of protein and incubated overnight at 277 K
without agitation. Imidazole from the previous step was removed by
dialysis against a buffer containing 50 mM Tris pH 7.5, 50 mM NaCl,
10%(v/v) glycerol, 0.5 mM DTT and 5 uM ligand. The mixture was
loaded at 2.5 ml min~" onto a 5 ml HisTrap column equilibrated in
the same buffer plus 5 pM ligand. Surprisingly, hAR LBD repro-
ducibly binds to the column even without the His tag and was eluted
with a buffer containing 50 mM Tris pH 7.5, 50 mM NaCl, 10%(v/v)
glycerol, 0.5 mM DTT, 40 mM imidazole and 5 pM ligand (Fig. 2).

Finally, the sample was directly loaded onto a 5 ml HiTrap SP (GE
Healthcare) equilibrated in the previous buffer but without imidazole
and eluted by an increasing NaCl concentration to 0.25 M. The purity
of the protein was again checked on an SDS NuPAGE gel stained
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Figure 2

SDS-PAGE gel of thrombin cleavage of the fusion product and purification on
HisTrap. Lane 1, SeeBlue+2 molecular-mass markers (Invitrogen); lane 2, Trx-6His-
hAR LBD; lane 3, after cleavage by thrombin; lane 4, purified hAR LBD after
second HisTrap, theoretical molecular mass 29 977 Da.
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with Coomassie blue. Fractions containing the hAR LBD-ligand
complex were pooled to yield final batches of protein of about 15 mg
at a concentration of 3.5 mg ml™".

2.3. Crystallization

Three hits were found using Hampton Research Crystal Screen 2
with a crystallization robot. All three included lithium sulfate as a
cocrystallizing agent. One of these conditions gave small single
crystals that were further used for seeding in optimized conditions.
Optimization was achieved in Linbro boxes. The best crystals (Fig. 3)
were obtained in hanging drops with the following conditions. The
protein solution consisted of 80 ul hAR LBD (3.5 mgml™"), 1.5 ul
ligand (10 mM), 3 pl of the co-activator-like FxxLF motif-containing
undecapeptide from hAR (He et al, 2000), ie. GAFQNLFQSVR
(20 mM) and 1 pl lithium sulfate (0.2 M). All solutions were in
HEPES buffer pH 7.5.

Reservoirs were set up in five rows with solutions of 1 ml 0.1 M
HEPES Na buffer pH 7.5 and a gradient of 12-20% PEG 4000 (in five
steps).

The hanging drop was set up as a 50:50 mixture of 1 pl protein
solution and 1 pl reservoir solution. Small bipyramidal crystals were
obtained in 1 or 2 d with maximum dimensions of 100-150 pum. All
attempts to use additives or to vary the temperature or the pH did not
yield larger crystals. However, we found that the co-activator-like
undecapeptide and lithium sulfate as well as the synthetic ligand were
all compulsory for obtaining crystals.

2.4. X-ray diffraction

Data sets were recorded at the ESRF (Grenoble, France). Several
cryoprotectants were tested, including ethylene glycol, methyl
pentanediol and PEG 400 at different concentrations. The best
combination found was a 10% gycerol solution of the reservoir in
each case. Crystals were soaked in this solution for a few minutes and
then rapidly transferred into the cold gas stream of an Oxford
Cryosystem (600 Series Cryostream Cooler) at 100 K. The crystals
usually diffracted moderately, with a maximum resolution of around
2.8-35A and poor spot shapes, except for a very small number of
them that showed diffraction spots at a resolution better than 2 A. We

Figure 3
Bipyramidal crystals of the ternary complex hAR LBD-undecapeptide-ligand-1.

Table 1
Data-collection statistics.

Values in parentheses are for the highest resolution shell.

hAR LBD-coactivator- hAR LBD-coactivator-

Data set like peptide-ligand-1 like peptide-ligand-2

Beamline 1D23-1 ID14 EH1

Wavelength (A) 0.934 0.922

Detector ADSC 315R ADSC Q210

Crystal-to-detector distance (mm) 170 180

Exposure time per rotation (s) 2 1

Frame rotation (°)/Total rotation (°) 1/360 1/250

Space group P2,2,2, P2,2,2,

Unit-cell parameters (A) a=54.63, b= 6733, a = 5445, b = 66.80,
¢ =69.81 ¢ =69.85

Matthews coefficient (A* Da™") 2.14 2.10

Solvent content (%) 425 41.1

Resolution limits (A)
Overall (I/o(1)) 29.6 (7.5) 35.5(5.4)
No. of measured reflections 458718 225123
Overall redundancy 79 3.7
Rierget (%) 4.34 (18.50) 5.12 (19.30)
Completeness (%) 98.3 (97.6) 99.5 (97.8)
No. of independent reflections 28377 (4413) 20128 (4330)
No. of independent observed 28211 (4340) 18995 (3752)
reflections

34.9-1.70 (1.80-1.70)  36.1-1.95 (2.10-1.95)

i Defined as Y, > [L(hkl) — (I(hkD)|/Y 0 > I;(hkl), where I(hkl) is the ith
observation of reflection hkl and (I(hkl)) is the weighted mean of all observations (after
rejection of outliers).

were able to collect data from two such crystals. Data-collection
statistics are reported in Table 1.

3. Results

We produced and purified to homogeneity hAR LBD-ligand
complexes in quantities and with qualities that were suitable for
crystallogenesis. For the production, the critical point was the addi-
tion of ligand to the culture medium before induction, as described
previously (Sack et al., 2001). In the absence of any ligand, almost all
the protein was found in inclusion bodies (data not shown). To ensure
the stability of the protein, ligand was added throughout the purifi-
cation procedure (except for lysis). Cleavage of the thioredoxin-
fusion product by thrombin was efficient and the purification process
allowed us to obtain large amounts (>15 mg) of pure protein-ligand
complexes for use in screening for crystallization conditions.

We noticed that the two LBD-ligand complexes showed notable
differences in diffraction limits, lifetime and stability in the X-ray
beam. The corresponding data sets were processed using MOSFLM
(Leslie, 1992) and scaled using the CCP4 package of programs
(Collaborative Computational Project 4, Number 4, 1994). Both
structures were solved by molecular replacement using PDB entry
2ama (Pereira de Jésus-Tran et al., 2006) without ligand as a starting
model (Navaza, 1994). In both cases, a unique solution was found.
The structures are being refined.

The staff scientists of the ESRF beamlines are acknowledged for
their help during data collection. We thank Jean-Michel Lemoullec
from Galapagos for excellent assistance in providing us with the
expression vector.
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