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In the nuclear receptor of vitamin D (VDR) histidine 305 participates to the anchoring of the ligand.
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The VDR H305Q mutation was identified in a patient who exhibited the hereditary vitamin D-resistant
rickets (HVDRR). We report the crystal structure of human VDR H305Q-ligand binding domain bound
to 1�,25(OH)2D3 solved at 1.8 Å resolution. The protein adopts the active conformation of the wild-
type liganded VDR. A local conformational flexibility at the mutation site weakens the hydrogen bond
between the 25-OH with Gln305, thus explaining the lower affinity of the mutant proteins for calcitriol.
The structure provides the basis for a rational approach to the design of more potent ligands for the
rystal structure
treatment of HVDRR.

. Introduction

The vitamin D receptor mediates genomic actions upon binding
f 1�,25-dihydroxyvitamin D3, the active form of the seco-steroid
ormone vitamin D [1–4]. 1�,25(OH)2D3 (Fig. 1) is an impor-
ant regulator of bone development and metabolism and calcium
omeostasis. It also plays an important role in the regulation of
ell growth and differentiation. Mutations in the VDR gene cause
he rare genetic disorder hereditary vitamin D-resistant rickets
HVDRR) or vitamin D-dependent type II rickets (VDRRII). Patients
ith this disease display rickets, hypocalcemia and secondary
yperparathyroidism (review in Refs. [5–7]). Among the identified
utations are missence mutations, nonsense mutations, splic-

ng and partial gene deletions that affect DNA binding or ligand
ependent transactivation functions of VDR [8–10]. Some of the
utations were found in the ligand binding domain (LBD) of the
DR receptor and have been shown to affect ligand binding, RXR
eterodimerization and co-activator interaction and result in par-

ial or total response to the hormone [8,9,11–14]. One of these

utations, H305Q identified in a HVDRR patient, is associated with
10-fold decrease in 1�,25(OH)2D3-dependent transactivation and
n eightfold lower affinity for calcitriol than the normal VDR [11].

Abbreviations: NR, nuclear receptor; VDR, vitamin D NR; LBD, ligand binding
omain; LBP, ligand binding pocket.
� Special issue selected article from the 14th vitamin D workshop held at Brugge,
elgium on October 4–8 2009.
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We have previously reported crystal structures of the VDR ligand
binding domain (LBD) in complexes with 1�,25(OH)2D3 or syn-
thetic agonists, and have shown that all compounds are anchored
by the same residues in the ligand binding pocket (LBP) with the
hydroxyls of the A-ring and of the side chain located in identical
position and forming the same hydrogen bonds [15–17]. In order to
understand the mechanism underlying the dysfunction of the VDR
H305Q mutant, we have solved the crystal structure of its complex
with 1�,25(OH)2D3. This structural data are of therapeutic interest
and will help to design specific ligands for this VDR mutant.

2. Materials and methods

2.1. Purification and crystallization

The LBD of the human VDR His305Gln mutant (residues
118–427 �165–215) was cloned in pET28b expression vector
to obtain an N-terminal hexahistidine-tagged fusion protein and
was overproduced in E. coli BL21 (DE3) strain. Cells were grown
in LB medium and subsequently induced for 6 h at 20 ◦C with
1 mM isopropyl thio-�-d-galactoside. Purification and crystalliza-
tion were similar to hVDR LBD complex with 1�,25(OH)2D3 [15].
The purification included a metal affinity chromatography step on
a cobalt-chelating resin. After tag removal by thrombin digestion,
the protein was further purified by gel filtration. The final pro-

tein buffer was 10 mM Tris, pH 7.5, 100 mM NaCl, and 5 mM DTT
(dithiothreitol). The protein was then concentrated to 10 mg/mL
and incubated in the presence of a 5-fold excess of ligand. The later
was purchased from SIGMA, dissolved in ethanol at a concentra-
tion of 10−2 M and stored at −20 ◦C. The purity and homogeneity

dx.doi.org/10.1016/j.jsbmb.2010.04.008
http://www.sciencedirect.com/science/journal/09600760
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Table 1
Data collection and refinement statistics.

VDR H305Q/1�,25(OH)2D3

Data processing
Resolution (Å) 20.0–1.8
Crystal space group P212121

Cell parameters (Å) a = 44.40, b = 51.67, c = 131.89
Unique reflections 28029
Rsym (%)a 8.3 (27.5)
Completeness (%) 96.9 (97.8)

Refinement
Number of protein atoms 2011
Number of ligand atoms 30
Number of water molecules 164
R.m.s.d. bond length (Å)b 0.004
R.m.s.d. bond angles (◦)b 1.05
Rcryst (%)c 21.1
Rfree (%)c 24.1

Values in parentheses correspond to the highest resolution shell.
a Rsym (I) = �h k l�i|Ih k l,i − <Ih k l>|/�h k l�i|Ih k l, i| with <Ih k l> the mean intensity of

the multiple Ih k l, i observations for symmetry-related reflections.
Fig. 1. Chemical structure of 1�,25-dihydroxyvitamin D3.

f the protein were assessed by SDS-PAGE and Native-PAGE. Crys-
als were obtained at 4 ◦C by vapour-diffusion in hanging drops.
rystals of wild-type VDR LBD-1�,25(OH)2D3 complex were used

or micro-seeding. The seeds from serial dilutions were introduced
nto freshly made drops. The reservoir solutions contained 0.1 M

es and 1.4 M ammonium sulphate at pH 6.0.

.2. X-ray data collection and structure determination

Crystals were mounted in fiber loops and flash cooled in liquid
thane at liquid nitrogen temperature after cryoprotection with a
olution containing the reservoir solution plus 30% glycerol and
% PEG400. Data collection from a single frozen crystal was per-
ormed at 100 K at the beamline BM30 of ESRF (Grenoble, France).
iffraction data were integrated and scaled using the HKL2000 pro-
ram package [18]. A rigid body refinement was performed using
he structure of the hVDR LBD/1�,25(OH)2D3 complex as a starting

odel. Refinement involved iterative cycles of manual building and
efinement calculations. The programs CNS [19] and O [20] were
sed throughout structure determination and refinement. The lig-
nd molecule was included only at the last stage of the refinement.
nisotropic scaling and bulk solvent correction were used. Individ-
al atomic B factors were refined isotropically. Solvent molecules
ere then placed according to unassigned peaks in the difference

ourier map. All data were included in the refinement (no ı-cutoffs).
ll refined models showed unambiguous chirality for the ligands
nd no Ramachandran plot outliers according to PROCHECK. The
nal model lacks the first two N-terminal residues and the last

our C-terminal residues, because of no electron density for these
egions. For the structure comparison, C� traces of the models were
uperimposed using the lsq commands of O and default parameters.
he figures were generated with Pymol (http://www.pymol.org/).

. Results and discussion

.1. Overall structures of the hVDR H305Q LBD bound to
˛,25(OH)2D3
To obtain crystals of the VDR H305Q-ligand complex, we used
human VDR LBD construct that lacks 50 residues in the loop con-
ecting helices H1 and H3. The same construct was used to solve
he structures of hVDR LBD in complex with 1�,25(OH)2D3 and sev-
b Root-mean-squared deviations (R.m.s.d.) are given from ideal values.
c Rcryst = �h k l|Fobs − Fcalc|/�h k l|Fobs|, where Fobs and Fcalc are the observed and cal-

culated structure amplitudes, respectively. Rfree is the same as Rcryst, but calculated
on the 10% of data excluded from refinement.

eral analogues since its biological properties, such as ligand binding
and transactivation in distinct cell lines, are the same as those of
the wild-type protein [15–17,21]. Crystals were obtained in simi-
lar conditions and are isomorphous. The crystal structure of hVDR
H305Q LBD bound to 1�,25(OH)2D3 was determined at a resolution
of 1.8 Å (Table 1).

The VDR H305Q-1�,25(OH)2D3 complex adopts the canoni-
cal conformation of all previously reported agonist-bound nuclear
receptor LBD with 12 �-helices organized in a 3-layered sand-
wich. The position and conformation of the activation helix-12 is
strictly maintained. The atomic models, when compared with wild
VDR-1�,25(OH)2D3 complex, show root-mean-square-deviation
(r.m.s.d.) on C� atoms of 0.37 Å.

3.2. Ligand binding

The omit map from the refined atomic model of VDR LBD H305Q
was used to fit the ligand to the electron density as shown in Fig. 2.
The conformation of the calcitriol is similar to that observed in the
wild-type VDR crystal structure with similar conformations of the
A-, seco-B-, C- and D-rings (Fig. 3). The previously reported crystal
structures of hVDR LBD in complex with 1�,25(OH)2D3 and sev-
eral synthetic ligands revealed the presence of tightly bound water
molecules forming a channel near the C2 position of the ligand,
which may play important roles in protein stability [15]. This water
channel is also conserved in the present mutant complex.

The interactions between the receptor and the ligand involve
both hydrophobic and electrostatic contacts. The 1-OH and 3-OH
hydroxyl groups make the same hydrogen bonds as the native com-
plex, 1-OH with Ser237 and Arg274, 3-OH with Tyr143 and Ser278.
While the electron density around the ligand is unambiguous, the
broad cloud of electron density around Gln305 (loop 6–7) (Fig. 2)
can be interpreted as a statistical distribution of two conformers.
In the crystal structure of VDR-1�,25(OH)2D3, the 25-OH group is
hydrogen bonded to His305 and His397, His305 being the hydro-
gen bond acceptor and His397 the donor. Based on this information,
we modeled Gln305 with its carbonyl oxygen as the hydrogen bond

acceptor (Fig. 2). Structure refinement was done by using alterna-
tive conformations of Gln305.

The mutation from His305 to Gln305 changes the conforma-
tion of local region from Val300 in Helix 6 to Glu311 in Helix 7.
This conformational change does not affect the ligand conforma-

http://www.pymol.org/
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Fig. 2. The ıA-weighted Fo–Fc omit map of VDR H305Q-1�,25(OH)2D3 complex is
shown contoured at 3.0 ı (red). Conformation A (yellow) and conformation B (green)
of Gln305 are shown. His397 and 1�,25(OH)2D3 are shown in yellow. Oxygen and
nitrogen atoms are shown in red and blue, respectively. Hydrogen bonds are shown
in blue dotted lines. Secondary structure of VDR is shown in cyan and H3, H6, H7,
and H11 indicate helices. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of the article.)

Fig. 3. Close-up view around Gln305 mutation site. The wt VDR-1�,25(OH)2D3

complex (magenta) and VDR H305Q-1�,25(OH)2D3 complex (yellow and green)
are shown, after superimposed VDR complexes. Two conformations of Gln305 are
shown in yellow and green, respectively. Oxygen and nitrogen atoms are shown in
red and blue, respectively. Hydrogen bonds of wt VDR and VDR H305Q are shown in
b
a
t
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h
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[
the ligand-binding domain of the vitamin D receptor causes hereditary vitamin
lue and red dotted lines, respectively. Secondary structure of VDR is shown in cyan
nd H3n, H3, H6, H7, and H11 indicate helices. (For interpretation of the references
o color in this figure legend, the reader is referred to the web version of the article.)

ion. In the wild-type VDR-1�,25(OH)2D3 structure, an hydrogen
ond network is observed between the 25-OH of the ligand, His305,
ln400, and Ser306 (Fig. 3). In the present crystal structure, the
ydroxyl group of Ser306 points towards a different direction and
he hydrogen bond between Ser306 with Gln400 is lost. As a result,
he conformation of Gln400 becomes flexible, the hydrogen bond
f Gln400 with Gln305 disappears, and Gln305 adopts alternative
onformation (A- and B-form). These observations are consistent

ith the broad and weak electron density for Gln305 and Gln400,

espectively. The hydrogen bond of the 25-OH group with His397
2.8 Å) is similar to that of wt VDR-1�,25(OH)2D3 structure (2.8 Å).
n the other hand, the distance of 25-OH with Gln305 is 2.9 Å for

[

& Molecular Biology 121 (2010) 84–87

the A conformer and 3.8 Å for the B conformer (Fig. 2). The later
is indicative of a weaker hydrogen bond. Altogether the H305Q
mutation induces a conformational change that results in the loss of
two H-bonds (Ser306–Gln400 and Gln400–His305) which in turn
loosen Gln305 that adopts two different conformations. Our results
are in agreement with an observed 8-fold lower binding affinity for
1�,25(OH)2D3 to VDR H305Q mutant [11].

In conclusion, the VDR H305Q-1�,25(OH)2D3 complex struc-
ture shows almost same conformation as the wild-type VDR-
1�,25(OH)2D3 complex. Only local conformational change around
Gln305 affects the stability of VDR H305Q and the binding to
1�,25(OH)2D3. The high-resolution structure of disease-associated
protein provides the structural basis for a rational approach to the
design of more potent ligands that can compensate for the H305Q
mutation.

Protein data bank accession number

The accession number for the coordinates of the structures VDR
H305Q/1�,25(OH)2D3 reported in this article is 3M7R.
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