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Structure-functional characterization of vitamin D receptor (VDR) requires identification of structurally
distinct areas of VDR-ligand-binding domain (VDR-LBD) important for biological properties of 1a,25-
dihydroxyvitamin D3 (1,25(0OH),D3). We hypothesized that covalent attachment of the ligand into
VDR-LBD might alter ‘surface structure’ of that area influencing biological activity of the ligand. We com-
pared anti-proliferative activity of three affinity alkylating derivatives of 1,25(0OH),D3 containing an
alkylating probe at 1,3 and 11 positions. These compounds possessed high-affinity binding for VDR;
and affinity labeled VDR-LBD. But, only the analog with probe at 3-position significantly altered growth
in keratinocytes, compared with 1,25(0OH),Ds. Molecular models of these analogs, docked inside VDR-LBD
tentatively identified Ser237 (helix-3: 1,25(0OH),D3-1-BE), Cys288 (B-hairpin region: 1,25(0OH),D5-3-BE,)
and Tyr295 (helix-6: 1,25(0OH),D5-11-BE,) as amino acids that are potentially modified by these reagents.
Therefore, we conclude that the B-hairpin region (modified by 1,25(0OH),D3-3-BE) is most important for
growth inhibition by 1,25(0H),D3, while helices 3 and 6 are less important for such activity.
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1. Introduction

10,25-Dihydroxyvitamin D3 (1,25(0H),D3), the dihydroxylated
metabolite of vitamin D3 serves multiple functions. Its biological
properties include calcium and phosphorus-homeostasis, growth
and maturation-control of a broad range of malignant cells, and im-
mune-regulation. As a result the therapeutic potential of 1,25(0H),D3
in a broad range of diseases, including mineral homeostatic diseases
such as renal osteodystrophy, proliferative diseases such as psoriasis
and cancer, and immune-deficiency diseases, such as type I diabetes
mellitus is well-recognized [1-7]. However, inherent toxicity of

Abbreviations: 1,25(0H),Ds3, 1a,25-dihydroxyvitamin D3; VDR, nuclear vitamin
D receptor; reVDR, recombinant vitamin D receptor; VDR-LBD, vitamin D receptor-
ligand-binding domain; 1,25(0H),D5-1-BE, 10,25-dihydroxyvitamin Ds-1o~(2)-
bromoacetate; *H-125(0H),Ds-1-BE, 1a,25-dihydroxy[26(27)->H]vitamin D3-10-(2)-
bromoacetate; 1,25(0OH),D3-3-BE, 1a,25-dihydroxyvitamin Ds-3B-(2)-bromoacetate;
14C-1,25(0H),D3-3-BE,  1a,25-dihydroxyvitamin ~ Ds-3p-[1-'4C]-(2)-bromoacetate;
1,25(0H),D3-6-BE, 10,25-dihydroxyvitamin D3-6-propoxy-(2)-bromoacetate; 1,25(0H),
D5-11-BE, 1025-dihydroxyvitamin D3-11a-hydroxy-(2 )-bromoacetate; '“C-1,25(0H),Ds-
11-BE, 1a,25-dihydroxyvitamin D3-11o-hydroxy-[1-4C]-(2)-bromoacetate.
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the parent hormone (hypercalcemia, hypercalciuria), particularly
at pharmacological doses, has largely precluded its general use as
a therapeutic agent. This limitation has spawned a strong interest
in developing analogs of 1,25(0H),D3 that retain intact beneficial
effects but display reduced toxicity. Several such analogs have
shown promise, but have displayed only a moderate effect clini-
cally in non-toxic doses [8-12]. It is amply clear that rational
development of such analogs will require proper understanding
of their mechanism of action at the molecular level.

According to current dogma, 1,25(0H),D3 binds to its nuclear
receptor, vitamin D receptor (VDR) in target cells with high speci-
ficity; allosterically promoting heterodimerization with the reti-
noid X receptor (RXR), and binding of the VDR-1,25(0H),D3-RXR
complex to vitamin D response elements (VDREs) in the vitamin
D-regulated genes [e.g., osteopontin, osteocalcin, 10,25-
dihydroxyvitamin Ds-24-hydroxylase (CYP-24)] and recruitment
of co-activators to initiate transcription and translation [13,14].
In an alternative proposal apo-VDR, bound to co-repressors, re-
mains transcriptionally inactive till 1,25(0OH),D5 binds to initiate
the multi-step transcriptional process. The most important among
all the steps in this transcriptional process is highly specific inter-
action between 1,25(OH),D3 and VDR. Therefore, structure-func-
tional knowledge, from the sides of both VDR and 1,25(0H),D; is
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crucial for a complete understanding of the molecular mechanism
of this hormone, as well as development of new generations of
1,25(0H),Ds-based drugs for various diseases with high efficacy
and low toxicity.

Recently reports describing the X-ray crystal structures of VDR-
LBD, bound to its natural ligand (1,25(OH),D3) and several
1,25(0OH),D3-analogs have been published [15-18]. These studies
have provided structural evidence for the crucial role played by he-
lix 12 (H-12) in the C-terminal region of VDR in co-activator
recruitment and ligand-activated transcriptional process [19]. In
addition, a recent study has indicated important role played by
H-3 in the transcriptional process and ligand-related activities
[20]. Beyond this, there is very little information available about
possible role of other structurally distinct areas/features in VDR-
LBD that may play an important role in the VDR-1,25(OH),Ds-
mediated transcriptional process.

Mutation in a protein introduces structural/conformational per-
turbation that is sometimes translated into changes in biological
properties related to this protein. We hypothesized that structural
perturbation could also be brought about by covalently attaching
appendages that mimic the actual ligand to specific areas of the
VDR-LBD (chemical modification by “mutated” ligand). Such a
change might influence the signal transduction process (as re-
flected in the biological activity of the ligand) by altering the ‘sur-
face structure’, micro-environment and polarity of that area of the
protein, and that may result in differential recruitment of co-acti-
vators for transcription. This way we might be able to identify yet
unrecognized structural motifs inside VDR-LBD for the control of
the transcriptional process.

Affinity labeling is a classical biochemical method to study
interaction between a ligand and its receptor [21]. Such an interac-
tion leads to covalent and specific labeling of the ligand-binding
domain by a ligand-analog. In recent times this method has been
extended to proteomic studies to investigate protein-protein
interaction in complex cellular systems as well.

We have previously demonstrated that 1o,25-dihydroxyvita-
min Ds-3-bromoacetate (1,25(0H),D3-3-BE), an affinity labeling
analog of 1,25(0OH),D5; containing a reactive electrophilic group
at the 3-position, covalently labels a single cysteine residue
(Cys288) in VDR-LBD [22]. We argued that affinity labeling analogs
of 1,25(0OH),D3 with reactive affinity probe attached to various
parts of the parent molecule could potentially attach
1,25(0H),Ds to different parts of the VDR-LBD, and cause perturba-
tion maximally localized in that area; and such a process might be
reflected in the biological activities of these analogs. Therefore, in
the present study we compared the anti-proliferative activity of
three affinity labeling analogs of 1,25(0H),D3 containing affinity
probe at the 1, 3 and 11 positions of the parent molecule. Further-
more, we computationally docked these compounds inside the
VDR-LBD crystal coordinates to identify areas of the protein that
may be specifically labeled by these compounds, and compared
cellular activity of each compound with the parent hormone,
1,25(0OH),D5 in normal human keratinocytes. This communication
reports results of these studies, and their implications.

2. Methods
2.1. Synthesis

10,25-Dihydroxyvitamin Ds-10-(2)-bromoacetate (1,25(0H),-
D3-1-BE) and 1a,25-dihydroxy[26(27)->H]vitamin Ds-10~(2)-bro-
moacetate (®H-1,25(0H),Ds-1-BE, specific activity 175 Ci/mmol)
and 1o,25-dihydroxyvitamin D3-3B-(2)-bromoacetate (1,25(0OH);-
D3-3-BE) and 1a,25-dihydroxyvitamin Ds3-3p-[1-14C]-(2)-bromo-
acetate (4C-1,25(0H),D3-3-BE, specific activity 18.65 mCi/mmol)

were synthesized by previously published procedures [23].
10,25-Dihydroxyvitamin Ds-6-propoxy-(2)-bromoacetate (1,25
(OH),D3-6-BE) was obtained by a method described earlier by us
[24]. 1a,25-Dihydroxyvitamin D3-11a-hydroxy-(2)-bromoacetate
(1,25(0OH),D3-11-BE) and 1a,25-dihydroxyvitamin Ds-11a-hydro-
xy-[1-14C]-(2)-bromoacetate  ('4C-1,25(0OH),D5-11-BE, specific
activity 18.65 mCi/mmol) were synthesized according to our pub-
lished procedure [25].

2.2. Recombinant VDR

Full-length recombinant VDR was expressed in E. coli as a GST-
fusion protein, and purified according to Swamy et al. [26].

2.3. Competitive binding assays of 1,25(0OH),D3-1-BE, 1,25(0OH),D3-3-
BE, 1,25(0H )>D3-6-BE and 1,25(0H),D3-11-BE with reVDR

These assays were carried out by a standard procedure. Typi-
cally 50 ng of reVDR was incubated with 3H-1,25(0OH),D5 (4000
cpm, sp. activity 120 Ci/mmol, Amersham) in the presence of
increasing concentrations of 1,25(0OH),D3 or analogs (44.7 fmol-
2.4 pmol) in VDR assay buffer (50 mM Tris HCI, 150 mM Nadl,
1.5 mM EDTA, 10 mM sodium molybdate, 5 mM DTT and 0.1% Tri-
ton X 100, pH 7.4) for 15 h at 4 °C. Rat liver nuclear extract was in-
cluded in the binding assays to provide the nuclear accessory
factor/s [27]. After the incubation Dextran-coated charcoal was
added to remove unbound 3H-1,25(0H),D5 and the radioactivity
in the supernatants, after centrifugation, was determined by liquid
scintillation counting. Assays were carried out in triplicate.

2.4. Affinity labeling studies of reVDR with *H-1,25(0H),Ds-1-BE, '*C-
1,25(0H),D5-3-BE and C-1,25(0H),Ds-11-BE

Samples of reVDR (5 pg) were incubated with 2000 cpm
(0.07 nmol) of '%C-1,25(0H),Ds-3-BE or '4C-1,25(0H),D5-11-BE
or 10,000 cpm of 3H-1,25(0H),D3-1-BE (0.06 fmol) in the presence
or in the absence of 1,25(0OH),D5 (1 png, 2.4 nmol) in 50 mM Tris
HCI buffer, pH 7.4 containing 5 mM DTT for 2 h at 4 °C, and reac-
tion was terminated by boiling with SDS-PAGE sample buffer for
5 min. The samples were analyzed by SDS-PAGE, followed by
radioactive scanning (*H-containing samples) and phosphorimag-
ing (1“C-containing samples).

2.5. Cell culture

Briefly, 3T3 cells were plated at 10* cells per 35 mm tissue-cul-
ture dish, and were irradiated lethally after 2 days with a %°Co
source (5000 rads). Keratinocytes were obtained from neonatal
foreskin after overnight trypsinization at 4 °C and treatment with
0.2% EDTA. The cells, in serum-free medium, were plated on leth-
ally-irradiated 3T3 cells. Each experiment was performed on pri-
mary or secondary kerationocyte cultures obtained from different
skin samples. The serum-free medium consisted of MCDB 153
medium (Sigma Chemical Co.) with additives and calcium
(0.15 mM). The cells were grown to 50-60% confluence, when
medium was removed and replaced with 1 mL of fresh medium
containing either ethanol (0.1% v/v) or various doses of
1,25(0H),D3 or analogs.

2.6. 2H-Thymidine-incorporation assays

Cells, grown to approximately 50% confluence in MCDB medium
were incubated at 37 °C with various concentrations (1071 M and
108 M) of either 1,25(0H),D5 or an analog (in 1 pL of ethanol per
mL of medium) for 24 h. Each experiment was carried out in trip-
licate. Control experiments were carried out by incubating cells
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with ethanol for the same period of time. After the incubation,
medium was removed from each plate and was replaced with
>H-thymidine (one uCi, Sigma-Aldrich Chemical Co., St. Louis,
MO) in 1 mL of fresh medium. The cells were incubated at 37 °C
for 3 h followed by the removal of the medium and washing with
salinated phosphate buffer. The cells were cooled on ice, and 1 mL
of ice-cold perchloric acid solution (5%) was added to each dish fol-
lowed by incubation on ice for 15 min. After the incubation, aque-
ous medium was removed, and the cells were washed with 1 mL of
ice-cold perchloric acid solution, and finally replaced with 1 mL of
fresh perchloric acid solution. The cells were incubated in a shak-
ing water bath at 70 °C for 15 min. After this period, medium from
each dish was removed, mixed with 10 mL of liquid scintillation
cocktail, and counted for radioactivity. Results of this experiment
are reported as percentage of cpm for ethanol control for each
compound and at each dose level. These results (Fig. 4) are repre-
sentative of same experiments carried out twice. Statistical analy-
sis was done by student’s t test.

2.7. Modeling studies

The VDR-LBD structure, taken directly from the co-crystallized
protein-ligand complex (Protein Data Bank, PDB ID: 1DB1) was pre-
pared by removing any water molecules, adding hydrogen atoms
and assigning Kollman partial charges using Autodock tools before
performing actual docking with AutoDock3 suite. Dockings were
performed using the Lamarcian Genetic Algorithm (LGA) with de-
fault GA parameters using 60 x 60 x 60 grid map calculated by
Autogrid. During the run the bromoacetate and hydroxyl groups
on the ligand structure were flexible whereas rest of the steroid-de-
rived skeleton was kept rigid in the original conformation. Runs
(50 GA) were performed on each analog and results were cross-
checked with multiple Simulated Annealing (SA) dockings each with
10(100) runs, varying number of cycles, step parameters and tem-
perature factors, both for partially flexible and fully-flexible per-
formed SA dockings were carried out. The cluster conformations
with lowest docked energy (defined as intermolecular interaction
energy plus torsional free energy) were manually inspected and
superimposed. The amino acid residues in VDR-LBD in close proxim-
ity of the carbon atom bearing Br (atom) were identified.

3. Results and discussion

Affinity alkylating derivatives of naturally occurring bio-mole-
cules constitute high-affinity substrate/ligand-analogs that can
provide valuable information about the three-dimensional geome-
tries of the substrate/ligand-binding pockets of their cognate pro-
teins including identity of key amino acid residues (contact
points) and orientation of the substrate/ligand inside the pocket.
The affinity labeling process involves interaction between a nucle-
ophilic amino acid residue in the substrate/ligand-binding pocket
with an electrophile in the affinity reagent that lies in close enough
proximity to form a covalent bond. In summary, the technique of
affinity/photoaffinity labeling, coupled with mutational analysis
and functional assay provide a dynamic picture of the binding
event between a ligand/substrate with its cognate receptor/en-
zyme [21].

For the past several years our laboratory has focused on the
development of affinity and photaffinity labeling derivatives of
1,25(0OH),D3 to probe VDR-LBD and obtain structure—functional
information about VDR-1,25(0OH),D3 interaction [22,28-31]. In
this effort we synthesized 1,25(OH),D3-3-BE, an affinity labeling
derivative of 1,25(0H),D5, and demonstrated that this compound
specifically labels a single Cysteine residue (Cys288) in VDR-LBD
[22]. Functional importance of this residue was confirmed by

mutation and 1,25(0OH),Ds-binding analysis. Additionally we iden-
tified several other contact points inside VDR-LBD using Cys288 as
the ‘docking point’ for the 3-hydroxyl group in 1,25(0H),Ds (vide
infra). One criticism that is usually leveled at the affinity labeling
technique is that the alkylation process could be random, i.e. irrele-
vant amino acid residue/s in- and/or outside the actual ligand-bind-
ing/substrate-binding pocket could be alkylated by these analogs.
Our experience, however, is quite different; and we observed that
1,25(0H),D3-3-BE specifically labeled a single cysteine residue
(Cys288) out of three (3) inside the ligand-binding pocket of VDR
strongly suggesting that VDR has a very tight binding pocket in
the vicinity of the A-ring (of 1,25(0OH),D5). Interestingly Cys288 is
one of the conserved Cys residues in the VDR-LBD among other
steroid hormone receptors; and prior to our report Nakajima et al.
demonstrated a crucial role of Cys288 towards ligand binding [32].

In addition to the demonstration of specific labeling (of VDR-
LBD) by 1,25(0OH),D3-3-BE, we established that labeling by
1,25(0H),D3-3-BE is rapid and quantitative, and labeling process
leads to relative stabilization of the holo-VDR-osteocalcin vitamin
D responsive element (VDRE) complex. In addition, we observed
that 1,25(0OH),Ds-3-BE has a considerably stronger anti-prolifera-
tive activity compared with 1,25(0H),;D5 in human keratinocytes
[31]. So, we asked the question of whether or not other affinity
labeling derivatives of 1,25(0OH),D3 containing affinity probes at-
tached at different parts of 1,25(0OH),Ds, that can potentially
cross-link different sites in the VDR-LBD can have differential cel-
lular effects compared with 1,25(0H),Ds.

As a part of an earlier study we synthesized 1,25(0H),Ds-1-BE,
1,25(0H),D3-6-BE and 1,25(OH),Ds3-11-BE (Fig. 1). Competitive
radio-ligand binding assays of four affinity analogs with affinity
probe at 1, 3, 6 and 11 positions with reVDR demonstrated half-
maximal binding concentrations of 1,25(0OH),Ds-1-BE, 1,25(0OH),-
D3-3-BE,1,25(0H),D5-11-BE and 1,25(0OH),D3 (control) are 0.52,
0.18, 0.52 and 0.0015 nmol, respectively. By contrast, 1,25(0H),-
D3-6-BE showed no specific binding to VDR (Fig. 2). Therefore,
we used 1,25(0H),D5-1-BE, 1,25(0H ),D3-3-BE,1,25(0H),D5-11-BE
for subsequent experiments.

Incubation of VDR samples with 3H-1,25(0H),Ds-1-BE, 'C-
1,25(0H),D3-3-BE and #C-1,25(0H),D3-11-BE shows that all these
compounds covalently label the protein (Fig. 3). However, carrying
out the incubation with an excess of 1,25(0H),D5 significantly re-
duced labeling in each case indicating specific labeling of VDR-LBD
by these compounds (Fig. 3). It should be noted although excess of
1,25(0H),D5 reduced the intensity of labeling in each case, it did
not obliterate cross-linking of the compounds to VDR-LBD. A pos-
sible explanation would be that if interaction between the affinity
reagent and VDR-LBD is rapid and irreversible, as we have ob-
served [31]), covalently labeled VDR should accumulate with time,
even when 1,25(0H),D3-X-BE (x=1,3,11) has to compete with
1,25(0OH),D5 to occupy the binding site in VDR-LBD. Furthermore,
as seen in Fig. 3, decrease of labeling (decrease in the intensity of
the labeled band) in the presence of a constant amount of
1,25(0H),D5 varies with different affinity reagents indicating vari-
ous degrees of competition between 1,25(0H),D3 and its affinity
derivatives. Overall, these results indicated that all these analogs
specifically and covalently labeled the 1,25(0H),Ds-binding site
in the VDR-LBD.

In our next experiment anti-proliferative activities of
1,25(0H),D5-1-BE, 1,25(0H),D3-3-BE and 1,25(0H),D5-11-BE were
compared with 1,25(0OH),D5 at two dose levels. Results of these as-
says demonstrated that 108 M of 1,25(0H),D; exhibits approxi-
mately 20% growth inhibition (Fig. 4). At the same dose
1,25(0OH),D5-3-BE inhibits the growth by approximately 45%. At
107 M dose level 1,25(0H),D5 practically has no effect on the
growth, while an equmolar amount of 1,25(0OH),D3-3-BE inhibits
the growth by approximately 25%. Interestingly, at both doses ef-
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1 a,25-Dihydroxyvitamin Ds-1a -(2)-bromoacetate
[1,25(0H),D;-1-BE], and 1a ,25-dihydroxy[26(27)-3H]
vitamin D;-1 a-(2)-bromoacetate [*H-1,25(0OH),D;-1-BE]

HO'" OH

1 a,25-Dihydroxyvitamin D ;-6-propoxy
-(2)-bromoacetate [1,25(OH),D;-6-BE]

1 a,25-Dihydroxyvitamin D4-3f - (2)-bromoacetate
[1,25(0OH),D,-3-BE], and 1a,25-dihydroxyvitamin
D4-3p -[1-1%C]-(2)-bromoacetate ['*C-1,25(0H),D,-3-BE]

HO' OH

1 a,25-Dihydroxyvitamin D4-11a -hydroxy
-(2)-bromoacetate [1,25(0OH),D;-11-BE], and

1 a,25-dihydroxyvitamin D,-11a -hydroxy-[1-14C]
-(2)-bromoacetate [14C-1,25(OH),D;-11-BE],

Fig. 1. Structures of various affinity labeling derivatives of 1,25(0OH),D3 and their radiolabeled counterparts. * Denotes positions of radioisotopes.

fects of 1,25(0OH),D3-1-BE and 1,25(0OH),D3-11-BE are not signifi-
cantly different from that of 1,25(OH),Ds.

We have demonstrated that 1,25(0H),Ds-1-BE, 1,25(0H),Ds-3-
BE and 1,25(0OH),D3-11-BE bind VDR with high and almost equal
affinity (Fig. 2), and specifically label VDR-LBD (Fig. 3). Therefore,
the growth assay data suggest that simple perturbation of specific
areas of VDR-LBD by cross-linking of these analogs might not con-
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Fig. 2. Competitive radio-ligand binding assay of 1,25(0H),D3-1-BE, 1,25(0OH),D5-
3-BE, 1,25(0H),D3-6-BE and 1,25(0H),D5-11-BE with reVDR. Briefly, reVDR was
incubated with 3H-1,25(0H),D; in the presence of increasing concentrations of
1,25(0H),D5 or analogs (44.7 fmol-2.4 pmol) for 15 h at 4 °C. After the incubation
Dextran-coated charcoal was added to remove unbound *H-1,25(0H),D; and the
radioactivity in the supernatants, after centrifugation, was determined by liquid
scintillation counting.

tribute significantly towards differential growth-inhibitory activity
of these compounds in keratinocytes.

Construction of molecular models of these affinity labels, and
docking them inside VDR-LBD, based on crystal coordinates identi-
fied Ser237, Cys288 and Tyr295 as amino acids that are potentially
modified by 1,25(0H),D3-1-BE, 1,25(0OH),D5-3-BE and 1,25(0H),
Ds3-11-BE, respectively (Figs. 5-7). Ser237, present in helix-3 has
been implicated in ligand-binding by others and us [20,22]. How-
ever, according to our growth inhibition assays 1,25(0H),Ds-1-BE
is similar to 1,25(OH),Ds in inhibiting the growth of keratinocytes.
A similar conclusion is drawn about helix-6 (containing Tyr295).
However, the B-hairpin region, containing Cys288 (contact point
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Fig. 3. Affinity labeling of reVDR with 3H-1,25(0H),D5-1-BE, '4C-1,25(0H),D3-3-BE
and '4C-1,25(0H),D3-11-BE. Briefly, samples of reVDR were incubated with
2000 cpm (0.07 nmol) of '4C-1,25(0H),D5-3-BE or '4C-1,25(0H),D5-11-BE or
10,000 cpm of *H-1,25(0H),D3-1-BE (0.06 fmol) in the presence or in the absence
of 1,25(0OH),D5 (1 pg, 2.4 nmol) for 2 h at 4 °C, followed by SDS-PAGE analysis and
radioactive scanning.
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cytes were grown to approximately 50% confluence and then incubated with
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thymidine incorporation assay by standard procedure. Each experiment was carried
out in triplicate. Control experiments were carried out by incubating cells with
ethanol for the same period of time. Results of this experiment are reported as
percentage of cpm for ethanol control for each compound and at each dose level. *
Represents p < 0.05.

for 1,25(0H),D5-3-BE) is different, and its perturbation lead to
modulation of cellular activity. It should be emphasized that
Cys288 was implicated to be crucial for ligand-binding in an earlier
study by a different group [32]. In addition, in our earlier study we
mutated Trp286 and Met284, two neighboring amino acid residues

Fig. 5. Molecular modeling of human VDR-LBD with 1,25(0H),D3-1-BE (green) and
1,25(0H),D5 (yellow) inside VDR-LBD. Note that the CH2, bearing the Br atom is
closest to S237 in helix-3. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Fig. 6. Molecular modeling of human VDR-LBD with 1,25(0OH),D3-3-BE (green) and
1,25(0OH),D5 (yellow) inside VDR-LBD. Note that the CH2, bearing the Br atom is
closest to Cys288 in the base of the B-hairpin loop. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of
this article.)

of Cys288 (Fig. 8). Mutation of Trp286 to Ala or Phe almost com-
pletely removed 1,25(0OH),;Ds-binding, while conversion of
Met284 to Ser or Ala reduced such binding by approximately 70%
[22]. Met284, Trp286 and Cys288 are constituent amino acid resi-
dues in the unstructured B-hairpin region. Therefore, we concluded
that the B-hairpin region is important for growth-inhibitory prop-

Fig. 7. Molecular modeling of human VDR-LBD with 1,25(0OH),D3-11-BE (green)
and 1,25(0H),Ds (yellow) inside VDR-LBD. Note that the CH2, bearing the Br atom
is closest to Tyr295 in helix-6. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 8. Cartoon depicting interaction between various amino acid residues inside VDR-LBD with1,25(0OH),D3; and 1,25(0OH),Ds-affinity analogs. It should be noted that
interaction between VDR and 1,25(0H),Ds is reversible with possibility of catabolism by the reverse reaction in the steady state. But interaction between VDR-LBD and
1,25(0H),Ds-affinity labeling analogs is an irreversible process thereby potentially eliminating/reducing catalytic degradation.

erty of 1,25(0H),D3, while helices 3 and 6 are less important for
such activity.

In recent years our laboratory and others have reported strong
agonistic activity of the 3-bromoacetate derivative of 1,25(0H),-
D3 and 25-hydroxyvitamin Ds, the pre-hormonal precursor of
1,25(0H),D3 [33-35]. Previously such activities have been solely
attributed to the enhanced catabolic stability of these compounds
compared with 1,25(0H),Ds, as illustrated by the cartoon in Fig. 8.
However, our current studies demonstrate that mere catabolic sta-
bility of these compounds (by affinity labeling) may not contribute
equally towards their cellular activity; and a combination of
enhanced catabolic stability and specific area of perturbation
(by covalent attachment of the ligand) might be responsible for
the enhanced anti-proliferative activity.

In conclusion, majority of structure-function studies have iden-
tified helix 12 as the most important structural region of VDR-LBD
for the biological activities of 1,25(0H),D3 and its analogs. Results
of the current study strongly suggest that the p-hairpin region of
VDR-LBD might also contribute significantly towards such activi-
ties. The 3-bromoacetate derivative of 1,25(0OH),D; and 25-
hydroxyvitamin D3 have been projected to have strong potential
in several malignancies [33-35]. Therefore, information presented
in this communication will be extremely important in providing
molecular basis of their action, and develop next generation com-
pounds with enhanced pharmacological properties.
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