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Summary: The apparent hormonal form of cholecalciferol, 1,25-dihydroxy-
cholecalciferol (1,25-(0H)2-CC), was incubated with intestinal mucosa homo-
genates and whole intestinal tissue, in vitro. After 40-70 min, 1,25-(0H) 5~CC
was specifically associated with the nuclear chromatin fraction. This sterol
remains bound to the cytosol fraction at 0°C and a dramatic movement to the
nuclear chromatin occurs at 37°C indicating that the subeellular localization
of the sterol is temperature dependent. Isolated intestinal cytosol, previously
incubated with 1,25-(0H)2—CC, is required for transportation of the hormone to
the intestinal chromatin fraction; cytosol fractions from other tissues are
ineffective mediators of this sterol migration. It is concluded that the in-
testinal cytosol contains a specific receptor that functions to transport
1,25-(0H)»,-CC to the nucleus, its probable site of action.

Cholecalciferol (vitamin D3) is converted to 25-hydroxycholecalciferol
(25-(0H)-cC)” in several tissues, including the liver (1,2), and this metabolite
is converted to 1,25-dihydroxycholecalciferol (1,25-(OH)2-CC) in the kidney (3).
After injection of radicactive cholecalciferol into a vitamin D-deficient animsl,
1,25-(0H)2-CC is the major form of the sterol found in the intestine (4). This
metabolite is the most potent and fastest acting form of the vitamin in stimu-
lating calcium transport across the intestine (5). 1,25-(OH)2-CC is apparently
the metabolite of vitamin D3 that mediates the biochemical events that result
in increased calcium absorption from the intestine and is considered to be the
hormonal form of the vitamin (6-10). Previous studies of the subcellular
distribution of cholecalciferol and its metabolites following injection of radio-
active cholecalciferol (4) or 25-(OH)-CC and 1,25-(OH)5-CC (11) into rachitic
animals have shown that 1,25-(0H),-CC is localized in the nuclear chromatin

fraction of intestinel mucosa, Further investigation of the chromatin-

*Supported by USPHS Grant AM 15781, USPHS Training Grant GM 01982 and General
Research Support Grant RR 05675 of the University of Arizona, College of
Medicine.

*Abbreviations used: 25-0H-CC, 25-hydroxycholecalciferol; 1,25-(0H)2'CC, 1,25~
dihydroxycholecalciferol; sucrose-Tris-K-Mg, 0.25 M Suerose in 0.05 M Tris-HCl,
pH 7.4, 0.025 M KC1, 0.005 M MgClz.

Copyright © 1973 by Academic Press, Inc.
All rights of reproduction in any form reserved. 74



Vol. 51, Ne. 1, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

assoclated binding site indicated that 1,25-dihydroxycholecalciferol is non-
covalently linked with a chromosomal protein that is not a histone (12).

The present communication describes further elucidation of the specific
binding of 1,25-(0H),-CC to the chromatin fraction of intestinal mucosa.
Direct addition of the sterol to tissue homogenates, in vitro, shows that
1,25-(OH)2-CC binds effectively only to chromatin isolated from a target tissue
such as the intestine. Other sterols are not associated with intestinal chroma-
tin under identical incubation conditions. We also present evidence for the
existence of a cytoplasmic receptor that is required to transfer 1,25-(OH32-CC
to the mucosal cell nucleus.

MATERTALS AND METHODS

Materials. Animsls used in all experiments were White Leghorn cockerels that
were raised for 3-4 weeks on a vitamin D-deficient diet (13). 25-Hydroxy£?6(27)-
methyl-3H2]cholecalciferol (19.7 Ci/mmole) and [@1,2-3Hé]choleca1ciferol (0.577
Ci/mmole) were obtained from Amersham/Searle. Nonradioactive cholecalciferol
was purchased from Calbiochem; crystalline 25-hydroxycholecalciferol was a gift
from Dr. John C. Babcock of the Upjohn Co. [6,7—3HéJEstradiol-17s (46.6 Ci/mmole)
was obtained from New England Nuclear Corp. and nonfadioactive estradiol-178 was

obtained from Sigma Chemical Co.

Preparation of 1,25-Dihydroxy[26(27) -Methyl-3H, kholecaleiferol. Y3H]l,25-(OH)2'
CC was prepared from [?HJES-OH—CC by a modification (10) of the procedure of
Lawson et al. (7). Purification of the generated [?%Jl,25—(OH)2-CC was carried
out via chromatography on columns of Sephadex LH-20 and Celite as described
elsewhere (9,10). The resulting [3ﬁ}1,25-(OH)2-CC was diluted to a specific
activity of 1000 dpm/pmole.

Incubations. Small intestinal mucosa and liver homogenates were prepared by
homogenizing 3 gms of tissue in 30 ml of 0.25 M sucrose in 0.05 M Tris-HC1,

pH 7.4, 0.025 M XC1, and 0.005 M MgCl, (sucrose-Tris-K-Mg). Homogenization

was performed with a Potter-Elvehjem homogenizer equipped with a Teflon pestle.

The resulting homogenates were incubated with various sterols for 70 min at
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25°C. Whole small intestines were slit endwise to expose the mucosal surface
and were incubated at 37° or 0° for various periods of time under an atmosphere
of 95% 02-5% COp in 15 ml of Fagle's medium, All sterols were added to the in-
cubation medium in 200 pl ethanol.

Preparation of Subcellular Fractions. Subcellular fractions were prepared by

the method of Haussler et al. (4). Chromatin was washed three times with 19
Triton X-100 in 0,01 M Tris, pH 7.5.

Radiocactivity Meassurement. The sterols of the subcellular fraction of interest

were extracted by modification (4) of the method of Bligh and Dyer (14) and
radioactivity was determined as previcusly described (L4).
DNA Assay. DNA was determined by the diphenylamine method of Dische (15).
RESULTS AND DISCUSSION

In initial experiments, 130 pmoles of L?H}l,QB-(OH)g-CC were incubated
directly with intestinal homogenates for 70 minutes at 25°C.1 Radiocactivity
was found in the mitochondrial (20%), microsomal (13%), cytosol (22%), and crude
nuclear fractions (L45%). Only the chrometin fraction prepared from the crude
nuclei exhibited the characteristic of saturability, an accepted property of
receptor systems (16). Thus, while radioactivity increased linearly with
increasing amount of added 1,25-(OH),-CC in most subcellular fractions, the
chromatin contained a finite number of binding sites for the hormone. Figure 1
shows the amount of chromatin associated radicactivity as a function of the
amount of 1,25-dihydroxyt3ﬂjcholecalciferol in the medium. Extraction of
sterols from the chromatin fraction and chromatography on Sephadex LH-20 and
Celite liquid-liquid partition columns showed that the radioactive sterol bound
to the chromatin was unmetabolized 13HJ1,25-(OH32-CC. The amount of{3ﬂjl,25—(OH)2-
CC bound at saturation corresponds to 14 pmoles per intestine (15 mg INA equiva-
lent), a value that is two to three times greater than reported in previous

studies of this receptor, in wvivo (11, 17). This higher saturation level sug-

IHomogenates consisted of approximately 1.5 g of tissue in 17 ml.
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Fig. 1. Fig. 2.

Fig, L. Saturatlgn of radloact1v1ty in chromatin after incubation of intestinal
homogenate with L H]l 25-(0H)»~CC. Homogenates (17ml) of intestinal mu osa from
vitamin D-deficient chicks were incubated with increasing amounts of{3H 5-(0H)p-
CC for 70 min at 25°C. It was found in preliminary experiments that 1ntest1nes

of 3-4 week old rachitic chicks routinely yield approximately 3 gm (wet weight)

of mucosa. Three grams of mucosa contain 15 mg of DNA and, to eliminate varia-
tions in tissue size, all results were corrected to that value based upon indi-
vidual DNA determinations. The results presented represent a composite of three
separate experiments.

Fig., 2. Temperature dependent movement of 1,25- (OH)Q-CC from cytosol to

chromatin fraction. Abbreviations used for subcellular fractions are: CYTO,
cytosol; CHR, chromatin; MITO, mitochondria; MICRO, microsomes. Whole intestines
were first incubated with 1,25-(0H)5-CC (65 pmoles) at 0° for 15 min, washed with
sucrose-Tris-K-Mg, transferred to a sterol free Fagle's medium and further incu-
bated as follows: A) L0 min at 0OC and B) 40 min at 37°C. Sterols were extracted
from the fraction of interest and tritiated sterols counted as deseribed in Methods.
Fach fraction is gorrected to 15 mg DNA or 3 gm of tissue equivalent (see legend

to Fig 1). At 37°C, approximately 25% of the radioactivity present in the crude
nuclear fraction was associated with the final purified chromatin.

gests that more receptors are exposed to the sterol in the homogenate
than in the intestine, in vivo.

In order to test the selectivity of this receptor fraction, closely related
sterols were incubated with mucosa homogenates. The data in Table I indicate
that 1,25-(OH)2-CC is bound to the chromatin fraction far more effectively than
the other sterols tested. In addition, 1,25-(0H)-CC binds more efficiently to
the intestinal chromatin than to the chromatin from a non-target organ, the
liver. This evidence suggests that the chromatin receptor for 1,25-(0H),-CC is
specific for this sterol and ocecurs only in the target organ.

It is known that steroid hormones such as estradicl-178 (18) and progesterone
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Table I. Sterol and tissue specificity of the localization of 1,25-(0H)2-CC
in the chromatin and cytosol fractions of intestinal mucosa homogenates.,
Homogenates (17 ml) of intestines of vitamin D-deficient chicks were incubated
With 65 pmoles of H]l 25-(0H)»-CC, | “H[25-0H-CC, [3H cholecalciferol, or

H estradiol-17f for 70 min at 25°C. A liver homogenate (17 ml) was incubated
with [A_7l 25-(0H)»-CC under the seme conditions to determine tissue specificity
of binding.

Localization of Raediocactivity®

Sterol Added Tissue Chromatin Cytosol

3H DPM/15 mg DNA  3H DPM/Fraction®
(>m]1,25-(om) ,-cC Intestine 7,200 23,000
(3ues-on-cc Intestine 200 20,000
[3ﬁ]cholecalciferol Intestine 150 5, 300
(3t)estradiol-178  Intestine 300 4,400
[31{]1,25—(0}{)2-00 Iiver 350 25,000

2311 radiosctive sterols diluted with the corresponding unlabeled compounds to
yield a working specific activity of 1000 dpm/pmole.
bCytosol equivalent from 3 gms of tissue.

(19), which have chromatin-associated receptors, are transferred to the nucleus
in their respective target organs by a cytoplasmic receptor. Following incuba-
tion of 1,25-(0H)2-CC with intestinal mucosa homogenates this sterol was present
in the cytosol fraction (Table I). However, the specificity of this fraction was
rather low, for 25-(OH)-CC also associates with the intestinal cytosol fraction
and 1,25-(0H),,-CC can bind effectively to liver cytosol. Thus, based strictly
upon binding to the cytosol fraction, these data do not demonstrate that a
specific cytosol receptor for 1,25-(OH)2-CC exists in intestine.

To examine further the intestinal cytosol fraction and its possible role
in transferring 1,25-(0H)2-CC to the nuclear binding sites, 1,25-dihydroxyp}ﬂ'
cholecaleiferol was added to whole intestinal tissue in Eagle's medium. Whole
intestines were first incubated for 15 min at 09C with [3371,25-(0H)2-CC. The
intestines were then rinsed, transferred to a medium containing no 1,25-(0H)2-CC,
and further incubated for 40 min at either 0°C or 37°C. TLocalization of radio-
activity in the cytosol fraction occurs when the tissue is incubated with

1,25-(0H)»-CC at 0°C (Fig 2A). However, if the tissue is incubated at 37°%
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Table II. Transfer of 1,25-(OH)2-CC from cytosol fraction of several tissues

to the nucleus of the intestinal mucosa. Cytosol fractions (15 ml) of the liver,
kidney and intestine were prepared as described in Methods and incubated for 15
min at 25° with 13 pmoles Z?H 1,25-(0H)o~CC. These fractions then were mixed
with sucrose-Tris-K-Mg-washed nuclear fractions of intestinal mucosa and incubated
at 25°C for 60 min.

Radioactivity Detected in
cosa Chromatin

Cyt §ol incubated with
(g0, B5-(6iz-ce (°H DPM/15 mg DNA)

Intestine 8300
None” 370
Intestine (boiled)® 160
Liver 1000
Kidney 670

® 13 pmoles |°H]|1,25-(0H),~CC were incubated with nuclei suspended in 15 ml
of sucrose-Tris-K-Mg.

b Intestinal cytosol was heated for 15 minutes at 100°C and then cooled to
259C before addition of 1,25-(0H)o-CC.

after an initial period at O°C, the association of the hormone with the cytosol
fraction is reduced, and the 1,25-(0H)2-CC is found primarily in the chromatin
fraction (Fig 2B). The results in Fig 2 suggest that there was a temperature
dependent movement of 1,25-(OH)2-CC from the cytosol to the nucleus.

In order to demonstrate that 1,25-(0H),-CC is actually being transported
from cytosol to nuclear chromatin, intestinal cytosol was isolated and incubated
with[-3ﬁjl,25-(OH)2-CC. This cytosol fraction, containing bound [3H£h,25-(OH)2-CC,
was then incubated at 25°C with isolated intestinal nuclei. Table II shows that
the chromatin isolated from these nuclei contained [3é]l,25—(OH)2-CC. The data
in Table II also demonstrate that the intestinal cytosol fraction is an obligatory
requirement for transfer of the hormone. 1,25-(OH)2-CC was not transported to
chromatin by adding the sterol, suspended in sucrose-Tris-K-Mg, to isolated
nuclei, Furthermore, boiling the intestinal cytosol destroys its ability to
transfer 1,25-(0H)2—CC to the nucleus. The fact that boiled cytosol or sucrose-
Tris-K-Mg cannot mediate the transfer of sterol to the nucleus indicates that

the sterocl must first bind to a thermolabile component of intestinal cytosol.
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Cytosol fractions from other tissues are not effective mediators of this transfer
(Table TI). Thus, it is concluded that there is a component unique to the in-
testinal cytosol that is necessary for the transfer of 1,25-(0H)2-CC to the
intestinal nucleus. The thermal lability of this cytosol component suggests
that it is a protein receptor for 1,25-(0H)o-CC.

Additional characterization of the proposed receptor molecules for 1,25-
(OH)5-CC in cytosol and chromatin is required before eonclusions cen be drawn
as to their functional interrelationship and their role in the molecular mode
of action of the hormone. It is possible that 1,25-(0H),-CC acts analogously
to other steroid hormones to regulate gene expression (16, 18-20).
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