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We have studied the binding of 1,25-dihydroxyvitamin D3 [1,25(OH)2D31 
to its crude chromatin chick intestinal receptor in the absence or presence of 
a ten-fold excess of 24R,25-dihydroxyvitamin D3 [24R,25(OHl2D31 for each 
concentration of [3H]-1,25(DH) D3 studied. We have found a significant 
shift to the right in the bind ng 'i of 1,25(OH)2D3 to its receptor in the 
presence of this excess of 24R,25(OHl2D3. As a result, the affinity was 
found to be significantly reduced, the apparent dissociation constants varied 
from 0.97*0.09 (n = 5) to 1.36ti.W nM (p < 0.01). This reduction was related 
to a significant decrease in the positive cooperativity for the apparent Hill 
coefficient from = 1.26ti.06 (p < 0.03) in the binding 
of 1,25(OH)2D3 to "7 

= 1.49kD.06 t0 nH 
ts receptor. There was no significant change in the 

capacity of the receptor (189*11 compared to 200s fmoles/mg protein). These 
results suggest that the intestinal 1,25(OHl D3 receptor must also have a 
binding recognition site for 24R,25(OHl2D3 3, ich is postulated to play a 
regulatory role in the 1,25(OH)2D3 receptor's ligand binding properties. 
0 1985 Academic Press, Inc. 

It is generally accepted that 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] 

action in the target intestinal mucosa is mediated through its acting analo- 

gously to that of a classical steroid hormone, by an interaction with a 

specific high affinity receptor binding protein (1). We have recently repor- 

ted (2) the existence of a positive cooperativity mechanism in the binding of 

1,25(OH)2D3 to the two sites of its chick intestinal receptor. Additionally, 

this cooperativity was found to play a key role in the regulation of the 

receptor's affinity, in response to varying demands of dietary calcium and 

phosphorus (31. 

A second dihydroxylated vitamin D metabolite, also produced by the kidney 

is 24R,25-dihydroxyvitamin D3 [24R,25(OH)2D$. 24R,25(OHl2D3 production 

is stimulated at the kidney level by 1,25(OHl2D3, probably by an induction of 
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the 25IOH)O3-24-hydroxylase (4); under normal physiological circumstances both 

1,25(OH)203 and 24R,25(OH)2D3 are co-produced and distributed systemically 

via the blood transport protein, D-binding protein. The biological role of 

24R,25(OH)2D3 is still controversial, although some evidence for an inhibition 

in vivo of PTH secretion (51, as well as a stimulation of DNA synthesis in -- 

chondrocytes (61 have recently been reported. Synergistic effects of 24R,25- 

(OH12D3 on 1,25(0Hl2D3 action have also been described on the egg hatchability 

(7) and on the maturation of chondrocytes (81. However, to date, there is no 

evidence of a direct interaction of 24R,25(OHl2D3 on the 1,25(OH12D3 recep- 

tor's binding performances: 24R,25(OH)203 has already been found to be only 

l/2000 as effective a ligand as 1,25(OH)2D3 (91 for the chick intestinal 

receptor system. Here, we would like to report for the first time a direct 

inhibitory effect of 24R,25(OH)2D3 on the 1,25(OH)2D3 chick intestinal recep- 

tor's binding properties for 1,25(OH)2D3. We have studied the saturation 

analysis of 1,25(OHl2D3 to its intestinal receptor in the absence or in the 

presence of a ten-fold excess of 24R,25(OH)2D3; this ratio is reflective 

of the physiological vitamin D metabolites status in the birds (101 where 

the plasma concentration of 24,25(OHl2D3 is 10X that of 1,25(OH)2D3. We 

have found both a decrease in the intensity of positive cooperativity, as 

well as a 40% reduction of affinity of the receptor, without modification of 

its capacity. This result suggests that 24R,25(OH)2D3 is a potentially 

important modulator of the 1,25(OH)2D3 receptor's binding affinity. 

MATERIALS AND METHODS 

Vitamin D compounds 

C3H11,25(OH12D3 (sp. act. 85 Ci/mnolel was obtained from Amersham/Searle. 
1,25(OH)2D3 and 24R,25(OH)2D3 were a kind gift from Dr. Milan Uskokovic 
(Hoffmann-La Roche, Nutley, NJ). 

Animals 

White Leghorn cockerels were obtained on the day of hatching (Pace-Setter, 
Anaheim, CA) and raised on a standard rachitogenic diet (111 (0.6% calcium 
0.4% phosphorus) for two weeks. ad lfbitum: then they were raised on a normal 
diet containing normal levels ofcarcfumnd phosphorus (1.2% Ca, 0.7% phos- 
phorus) and 2000 IU of vitamin D3 per kg of dfet for two additional weeks. 
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Crude chromatin preparation 

The chicks were killed by decapitation; the duodenal loop was excised, 
and its contents flushed out with saline solution. It was then slit longi- 
tudinally and washed with a saline solution (0.9% NaCl). All the subsequent 
steps were performed at 0-4'C. The mucosa was scraped from the serosa with 
the aid of two chilled glass slides on an inverted petri dish over ice. Then 
the mucosa was homogenized in TED buffer (40% weight/volume) containing 300 nM 
PMSF and centrifuged at 5000 g for 10 minutes. The pellet containing the 
cell nuclei was resuspended in the same volume of TED-Trfton (0.5%) buffer, 
vortexed and centrifuged at 5000 g for 10 minutes. Two additional washes with 
TED-Triton were followed by two other centrifugations. The final pellet was 
resuspended in the same initial volume of TED-PMSF. 

Binding assays 

Aliquots (100 ~1) of the crude chromatin receptor preparations were 
incubated for 18-20 hours at 0-4°C with increasing concentrations of [3H]- 
1,25(OH)2D3 ranging from 0.4 nM to 12 nM, in the presence or absence of a 200- 
fold excess of 
ligand binding. 

1,25(OH) D3 to determine both the specific and non-specific 
Other a lquots of the same crude chromatin preparation were ii- 

incubated in the same condition with the same range of [3H11,25(OH) D3 
concentrations, in the presence of a lo-fold excess of 24R,25(OH)2D3 3 or 
each 1,25(OH)2D3 concentration. The non-specific binding of 1,25(OH)2D 
in those conditions was determined by a parallel incubation in the presence o % 
a 200-fold excess of both 1,25(OH) D3 and 24R,25(OH)2D3. The hormone bound 
to the receptor was then separated B ram the free ligand by the hydroxylapatite 
batch assay, as described previously (12). 

Data treatment 

The resulting data from these studies (see Figures 1 and 2) were analyzed 
according to the procedures of Sasson and Notides (141 which allows assessment 
of cooperative binding of a ligand in the absence or presence of a non- 
radioactive ligand which is also a weak competitor. Thus the conventional 
equilibrium dissociation constant, KD, for the ligand [3H]-1,25(OH)2D3 
binding to its chick intestinal receptor (closed circles) was determined via 
Scatchard analysis (15) and the conventional Hill coefficient, nH, which iS 
a measure of the cooperativity of binding of this same ligand was determined 
from the slope of the Hill plot. The data generated in the presence of the 
weak competitor 24R,25(OH)2D3 (open circles) technically yields only an 
apparent KD and apparent nH for [3H]-1,25(OH)2D3 since the COnCentratiOn 
of the competing ligand was varied so that it was always no more than 10X the 
concentration of the [3Hl-1,25(OH)203 under study. As discussed by Sasson 
and Notides (141 this form of data analysis facilitates discrimination of a 
nonradioactive molecule such as 24R 25(OH)2D3 
competitor to reduce the quantity of [ 3 

functioning both as a pure 
HI-1,25(OHl2D3 b 

molecule to influence the receptor's cooperative 3 
und and as an effector 

[ HI-1,25(OH) D3-binding 
mechanism. Procsal et al. (9) have previously shown that 24R,2 (OH)2D3 is 3 
only l/2000 as effeczvea competing ligand for the 1,25(OH) D3 receptor. 

6 The Hill equation (I,# describivfi a cooperativity between two !nding sites 
is: CBI = CBmaxICFI /KD + CFI where B IS the ligand specifically bound 
to the receptor, F is the free ligand, nH is the Hill coefficient and KD is a 
composite average of the dissociation constants of the two binding sites of 
the receptor. Values of nH greater than one indicate a positive cooperati- 
vity, and lower than one a negative cooperativity. If nH equals one, the Hill 
equation simplifies to become the same formulation as the Scatchard equation. 
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RESULTS AND DISCUSSION 

The Scatchard plot of the saturation of a 40% PMSF crude chromatin 

preparation by increasing concentrations of [3H]1,25(OH)2D3 was concave 

downwards, indicating the expression of a positive cooperativity mechanism 

(fig. lA, closed circles). By contrast, in presence of 24R,25(OH)2D3 (fig. 

IA, open circles), the Scatchard plot was linear 0” = -0.981. As a result, 
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Fig. 1: Scatchard analysis (A) and Hill plot (B) of the saturation of a 
concentrated (40%) crude chromatin preparation of chick duodenal receptor by 
increasing concentrations of [SH]1,25(OH)2DS in the presence or absence 
of a 200-fold excess of 1,25(OH)2D8. This crude chromatin was prepared 
from a group of 7 to 8 chicks raised on a normal diet supplemented with 
vitamin 03. This analysis was made in the absence (-1 or in the 
presence (O--O) of a 24R,25(OHI2DS lo-fold excess for each concentration 
of C+i11,25(OH)2D8. The dashed line in fig. 18 represents a Hill plot with 
nH = 1.00 (no cooperativity). 
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FREE [3H] I, 25:OHl2& nM: 

a 9 

Saturation analysis of 5 different crude chromatin preparations each 
of a group of 7 to 8 chicks raised on a normal diet supplemented 

with vitamin 0 
absence ( 0-J' 

by increasing concentrations of [8H]1,25(OH)208 in the 
1 or presense (O--O) of a 24R,25(OH)208 lo-fold excess 

for each concentration of [ H]1,25(OH)208. 
*SEM of the specific binding. 

Each point represents the mean 
t*** p < 0.01; ** p < 0.02; * p < 0.05). 

the Hill plot (fig. 18) showed a very significant positive cooperativfty (nH 

= 1.71) in the binding of 1,25(OH)2D3 to this chromatin receptor preparation. 

In the presence of 24R,25(OH)2D3 (open circles), there was a drastic reduction 

in COOperatfVfty (nH = 1.07). 

The saturation analysis (fig. 2) of 5 different batches of crude chroma- 

tin receptor, each of them prepared from a pool of 7 to 8 chicken duodena, 

showed a significant shift to the right of the 1,25(OH)2D3 binding curve 

in the presence of a lo-fold excess of 24R,25(OH)2D3 (open circles). At 

each sub-saturation concentration studied, there was a decrease in the 

binding of 1,25(OH)2D3 induced by the lo-fold excess of 24R,25(OH)2D3. 

There was no significant change in the maximum binding capacity (Bmax) of 

the receptor as reported to the protein concentration (see table 11, but the 

affinity was significantly (p < 0.01) reduced from 0.97ti.09 to 1.36~.04, as 

well as the Hill coefficient (p < 0.03) from 1.49 to 1.26 in the presence of 

24R,25(OH)2D3. 

In conclusion, these results suggest that 24R,25(OH)2D3 may regulate 

the affinity of the 1,25(OH)2D3 intestinal receptor through a modulation 

of the positive cooperativity mechanism; this suggests that the intestinal 
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TABLE I 

“Ii 

Control 

24R,25(OH)2D3 

200s 0.97ko.09 

189Ul 1.36kO.04 
(N.S.) (p < 0.01) 

1.49M.06 

1.26M.06 
(p < 0.03) 

Intestinal crude chromatin 1,25(OH)2D3 receptor's binding performances in 
the absence or presence of a lo-fold excess of 24R,25(OH)2D3 for each concen- 
tration of [3H]1,25(OH)2D3 studied. The indicated values are the mean iSEM 
of 5 different batches of crude chromatin, each of them constituted of 7 to 8 
chicks. Bmax is the maximum binding capacity in fmole/mg protein; KD is 
the average apparent dissociation constant of the receptor's two binding 
sites extrapolated from the Hill plot (in nM) and nH is the apparent Hill 
coefficient. 

1,25(OH)2D3 receptor must have also a binding recognition site for 24R,25- 

(OH I&. This possibility is currently under investigation in our laboratory. 
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