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0.4 as compared to 175 and 200 nmoles/ 
mg per hour for two normal extracts. 
These extracts exhibited an increased 
apparent Km for inosine of 770 ,uM as 
compared to the normal value of 22 guM. 
Therefore, the altered kinetic properties 
observed with the mutant enzyme were 
found in more than one cell type. 

The discovery of a purine nucleoside 
phosphorylase with altered kinetic and 
physical properties in two patients with a 
disorder of cellular immunity is impor- 
tant for at least two reasons. First, an in- 
crease of the apparent Km for inosine in- 
dicates that the enzyme will become 
more active if inosine concentrations in- 
crease. Such an elevation of inosine con- 
centrations, by activating the mutant en- 
zyme, could decrease the apparent block 
of nucleoside degradation and could ac- 
count for the less severe clinical features 
in the two brothers studied (2). Elevated 
inosine in the concentration of plasma, 
presumably a reflection of intracellular 
inosine concentrations, has been ob- 
served in this disorder (1, 2). Second, 
this variant provides evidence for a 
structural alteration of the enzyme pro- 
tein and implies that a structural gene 
mutation has resulted in purine nucle- 
oside phosphorylase deficiency. These 
observations give the first direct evi- 
dence for genetic heterogeneity in this 
disease. Finally, this structural gene mu- 
tation supports the hypothesis that a 
block of purine nucleoside degradation is 
the cause of the immune disorder ob- 
served, rather than a consequence of a 
deletion of two closely linked genes. 
Such cause and effect relationship was 
initially suggested by the structural alter- 
ations of adenosine deaminase in severe, 
combined immunodeficiency (6). The 
two diseases are genetically distinct 
since adenosine deaminase and purine 
nucleoside phosphorylase are coded by 
different chromosomes (7). Thus the dis- 
covery of two inherited disorders of the 
immune system associated with enzyme 
deficiencies of purine catabolism provide 
important clues for a role of purine nu- 
cleoside degradation in the regulation of 
immune function. 
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A Specific High-Affinity Binding Macromolecule 

for 1,25-Dihydroxyvitamin D3 in Fetal Bone 

Abstract. Cytosol fractions were prepared from fetal rat or embryonic chick cal- 
varia and analyzed for binding of vitamin D3 metabolites on sucrose density gradi- 
ents. Both cytosol fractions contain a 3.5S macromolecule which specifically binds 
1,25-dihydroxy-[3H]vitamin D3 and in addition, a 5 to 6S macromolecule which binds 
25-hydroxy-[3H]vitamin D3. In rat calvaria cytosol, 1,25-dihydroxy-[3H]vitamin D3 
also binds to the 5 to 6S macromolecule but appears to have greater affinity for the 
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Several observations have suggested 
that 1,25-dihydroxyvitamin D3 [1,25- 
(OH)2D3], the metabolically active form 
of vitamin D3, can be considered a hor- 
mone. 1,25-(OH)2D3 is produced in the 
kidney but acts in intestine and bone, 
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and its synthesis is regulated by the need 
for calcium (1). Accordingly, evidence 
has been collected to demonstrate that 
1,25-(OH)2D3 may stimulate calcium ab- 
sorption in the intestine by a receptor 
protein-mediated mechanism. A 3.0 to 

and its synthesis is regulated by the need 
for calcium (1). Accordingly, evidence 
has been collected to demonstrate that 
1,25-(OH)2D3 may stimulate calcium ab- 
sorption in the intestine by a receptor 
protein-mediated mechanism. A 3.0 to 

10 30 10 30 10 30 10 30 10 30 10 30 10 30 10 30 

Top Fraction 

Fig. 1. The binding of 1,25-(OH)2-[3H]D3 and 25-OH-[3H]D3 to fetal rat calvaria cytosol and the 
competition for binding. Cytosol was prepared from fetal rat calvaria as described in the text. 
Cytosol (2.7 mg protein) was incubated with vitamin D3 metabolites and binding was analyzed 
on 4 to 20 percent sucrose gradients. (A) Binding of 0.25 nM 1,25-(OH)2-[3H]D3 and competition 
by (B) 3 nM 1,25-(OH)2D3 and (C) 3 nM 25-OH-D3s. (D) Binding of 0.25 nM 25-OH-[3H]D3 (-) 
and competition by 3 nM 1,25-(OH)2D3 (---) or 3 nM 25-OH-D3 (...). The arrows indicate the 
sedimentation of ovalbumin (1) and bovine serum albumin (2). 

SCIENCE, VOL. 197 

Top Fraction 

Fig. 1. The binding of 1,25-(OH)2-[3H]D3 and 25-OH-[3H]D3 to fetal rat calvaria cytosol and the 
competition for binding. Cytosol was prepared from fetal rat calvaria as described in the text. 
Cytosol (2.7 mg protein) was incubated with vitamin D3 metabolites and binding was analyzed 
on 4 to 20 percent sucrose gradients. (A) Binding of 0.25 nM 1,25-(OH)2-[3H]D3 and competition 
by (B) 3 nM 1,25-(OH)2D3 and (C) 3 nM 25-OH-D3s. (D) Binding of 0.25 nM 25-OH-[3H]D3 (-) 
and competition by 3 nM 1,25-(OH)2D3 (---) or 3 nM 25-OH-D3 (...). The arrows indicate the 
sedimentation of ovalbumin (1) and bovine serum albumin (2). 

SCIENCE, VOL. 197 



3.7S cytoplasmic protein having high af- 
finity and low capacity for 1,25-(OH)2D3 
has been demonstrated in chick intestine 
(2, 3). In vitro, the protein-hormone 
complex migrates from cytoplasm to nu- 
cleus (4) wherein it stimulates the syn- 
thesis of messenger RNA (mRNA) (5). 

However, little is known about the 
process of bone mineral mobilization in 
which 1,25-(OH)2D3 has a direct role. It 
is clear that physiologic doses of 1,25- 
(OH)2D3 bring about the mobilization of 
mineral from bone (6). In vivo, this proc- 
ess requires the presence of parathyroid 
hormone (7), whereas in organ culture, 
1,25-(OH)2D3 stimulates bone resorption 
in the absence of added parathyroid hor- 
mone (8). This mobilization of calcium 
from bone is blocked by prior adminis- 
tration of actinomycin D (9), suggesting 
that transcription is involved. Further- 
more, in vitro, 1,25-(OH)2D3 accumu- 
lates in the nuclear fraction derived from 
bone homogenates (10), substantiating 
the idea that nuclear events are involved 
in 1,25-(OH)2D3-induced bone resorp- 
tion. The present study demonstrates 
that cytosols prepared from fetal chick 
and rat bone homogenates contain a 
high-affinity binding protein for 1,25- 
(OH)2D3 similar to that observed in chick 
intestinal cytosol, suggesting that the ac- 
tion of 1,25-(OH)2D3 in bone may be me- 
diated by an analogous receptor protein 
mechanism. 

Pregnant rats (Holtzman) were ob- 
tained on days 19 or 20 of gestation. 
Chick embryos were obtained from Sun- 
nyside Hatcheries (Oregon, Wis.) on day 
18 of incubation. 25-OH-[23 ,24-3H]D3 (78 
c/mmole) was synthesized by a modifica- 
tion of the method of Partridge et al. 
(11), and 1,25-(OH)2a[23,24-:aH]D3 (78 c/ 
mmole) was synthesized enzymatically 
from 25-OH-[23,24-3H]D3 as described 
(12). 

Fetal rat or chick calvaria were 
cleaned of blood and adherent con- 
nective tissue and rinsed in buffer (at 
4?C) containing 0.3M potassium chlo- 
ride, 0.5 mM dithiothreitol, 1.5 mM 
EDTA, and 10 mM tris-hydrochloride, 
pH 7.4. The calvaria were blotted and 
minced and then homogenized in three 
volumes (weight to volume) of the same 
buffer in a Polytron model PT-20 (Brink- 
mann Instruments). The homogenate was 
passed through cheesecloth and the fil- 
trate was centrifuged at 106,500g for I 
hour to obtain a clear cytosol. Protein 
was determined by the method of Lowry 
et al. (13). Bone cytosol (0.3 to 1.0 ml) 
was incubated with 0.1 to 0.3 pmole of 
radioactive metabolite dissolved in 95 
percent ethanol in the presence or ab- 
sence of competing nonradioactive me- 
9 SEPTEMBER 1977 
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Fig. 2. The binding of 1,25-(OH)2-[3H]D3 and 
25-OH-[3H]D3 to fetal chick calvaria cytosol. 
Cytosol was prepared from fetal chick cal- 
varia as described in the text. Cytosol (0.25 
mg protein) was incubated with vitamin D3 
metabolites and binding was analyzed on 4 to 
20 percent sucrose density gradients. (A) 
Binding of 0.48 nM 1,25-(OH)2-[3H]D3 (-) 
and competition for binding by 5 nM 1,25- 
(OH)2D3 (---) or 5 nM 25-OH-D3 (.-.). (B) 
Binding of 0.5 nM 25-OH-[3H]D3. The arrows 
indicate the position of sedimentation of oval- 
bumin (1) and bovine serum albumin (2). 

tabolite. After 1 hour at 4?C, 0.2 ml of 
incubation mixture was layered onto a 
linear 4 to 20 percent sucrose density 
gradient prepared by layering 0.71 ml 
each of 20, 16, 12, 8, and 4 percent su- 
crose in 10 mM tris-hydrochloride, 1.5 
mM EDTA, and 0.3M potassium chlo- 
ride into a Polyallomer tube and allowing 
the layers to diffuse at 4?C for 6 hours. 
The gradients were centrifuged for 18 
hours at 257,000g in an SW60 rotor con- 
tained in a Beckman L5-50 ultracentri- 
fuge. The gradients were fractionated 
from the bottom by displacement with 
mineral oil. Thirty-nine 0.1-ml fractions 
were collected in 4-dram vials and the 
bottom of each tube was cut off and 
counted as the 40th fraction. Radio- 
activity was determined in 4 ml of scin- 
tillation fluid containing 1:3 (by vol- 
ume) Triton X-100 and toluene, 2,5-di- 
phenyloxazole (PPO; 4 g/liter), 1,4-bis- 
[2-(4-methyl-5-phenyloxazolyl)]-benzene 
(POPOP; 50 mg/liter), and sufficient wa- 
ter to produce clarification. 

The binding in vitro of 1,25-(OH)2- 
[3H]D3 and 25-OH-[3H]D3 to cytosol pre- 
pared from fetal bone was examined 
by means of sucrose density gradient 
centrifugation. Experimental conditions 
which have been used successfully to de- 
tect and stabilize the 3.7S chick in- 
testinal binding protein for 1,25-(OH)2D3 
(3) were applied to the analysis of chick 
and rat bone cytosol. In addition, by 
using 1,25-(OH)2-[3H]D3 and 25-(OH)- 

[3 H]D3 with high specific activities (78 c/ 
mmole), binding experiments could be 
performed with as little as 0.2 nM radio- 
active metabolite. 

Cytosol prepared from fetal rat cal- 
varia contained two binding macromole- 
cules for 1,25-(OH)2-[3H]D3 having sedi- 
mentation coefficients of 3.5 to 3.7S and 
5 to 6S as determined by comparison 
with ovalbumin (3.7S) and bovine serum 
albumin (4.4S) (Fig. IA). An excess of 
nonradioactive 1,25-(OH)2D3 totally dis- 
placed 1,25-(OH)2-[3H]D3 bound in the 
3.5S region and partially displaced 1,25- 
(OH)2-[3H]D3 bound in the 7S region 
(Fig. lB). In this experiment, unbound 
1,25-(OH)2-[3H]D3 was recovered in the 
mineral oil used to fractionate the gradi- 
ent. Other experiments indicated that 
with increasing concentrations of 1,25- 
(OH)2D3, 3.5S-bound 1,25-(OH)2-[3H]D3 
was displaced onto the 6S macromole- 
cule, and if sufficient nonradioactive 
1,25-(OH)2D3 was added it was displaced 
into the "free" region. Nonradioactive 
25-OH-D3 was effective in displacing 6S- 
bound 1,25-(OH)2-[3H]D3 onto the 3.5S 
macromolecule (Fig. 1C) indicating that 
the 3.5S macromolecule was not initially 
saturated with 1,25-(OH)2D3. Since 25- 
OH-[3H]D3 was bound exclusively to the 
6S macromolecule and was not displaced 
to the 3.5S region by either 1,25-(OH)2D3 
or 25-OH-D3 (Fig. ID), it appears that 
the 3.5S and 6S macromolecules are spe- 
cific for 1,25-(OH)2D3, respectively. 

The binding of 1,25-(OH)2-[3H]D3 and 
25-OH-[3H]D3 to cytosol prepared from 
embryonic chick calvaria was assessed 
by the same method. In contrast to rat 
calvaria cytosol, 1,25-(OH)2-[3H]D3 
bound to a single macromolecule having 
a sedimentation coefficient of about 3.5S 
(Fig. 2A). Nonradioactive 1,25-(OH)2D3 
totally displaced 3.5S-bound 1,25-(OH)2- 
[3H]D3 whereas the same molar excess 
of nonradioactive 25-OH-D3 was inef- 
fective (Fig. 2A), indicating specificity of 
this macromolecule for 1,25-(OH)2D3. As 
in rat calvaria cytosol, 25-OH-[3H]D3 
bound exclusively to a 6S macromole- 
cule. In both bone cytosol preparations, 
it was unlikely that the 3.5S macromole- 
cules were a result of serum con- 
tamination since the serum transport 
proteins which bind 1,25-(OH)2D3 in rat 
and chick migrated differently from the 
3.5S species, namely in the 4.0 to 4.1 re- 
gions on the sucrose gradients. It is, 
therefore, reasonable to suspect that the 
3.5S protein is of intracellular origin and 
could represent receptor protein. It is 
known that 25-OH-D3 will induce resorp- 
tion of bone in culture (9, 14, 15), yet it 
did not bind to the 3.5S protein at the 
concentration of 25-OH-[3H]D3 used in 
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these experiments. Since 1000 to 5000 
times more 25-OH-D3 than 1,25-(OH)2D3 
is required for these biological responses 
(15), it is not surprising that binding or 
competition were not observed with the 
concentration of 25-OH-D3 used here. It 
is likely that displacement of 1,25-(OH)- 
[3H]D3 from 3.5S protein will be ob- 
served at concentrations of 30 to 300 nM 
25-OH-D3 in agreement with its relative 
activity in the bone system. 

Both bone cytosols examined con- 
tained two high-affinity binding proteins 
for vitamin D3 metabolities: a 3.5S pro- 
tein specific for 1,25-(OH)2D3 and a 5 to 
6S protein specific for 25-OH-D3. Al- 
though 1,25-(OH)2-[3H]D3 is distributed 
between 3.5S and 6S macromolecules in 
rat calvaria cytosol, it binds preferen- 
tially to the 3.5S component. A 5 to 6S 
protein which binds 25-OH-D3 in cytosol 
prepared from rat bone has been demon- 
strated by other investigators using ion 
exchange chromatography (16). Further- 
more, a similar 5 to 6S binding protein 
for 25-OH-D3 has been demonstrated in 
all rat and chick tissues examined 
(3, 17). In experiments not reported 
here, the 5 to 6S 25-OH-D3a cytosol bind- 
ing protein found in rat tissues reacts 
with an antibody directed to the 4S 
plasma transport protein for 25-OH-D3, 
suggesting that these binding proteins 
are similar or closely related and may not 
be related to receptor activity. 

In chick calvaria cytosol, 1,25-(OH)2- 
[3HID3 bound only to the 3.5S protein in 
a manner analogous to its association 
with the 3.7S protein present in chick in- 
testinal cytosol. Although further inves- 
tigation is necessary to establish these 
3.5S proteins as physiologic receptors 
for the action of 1,25-(OH)2D3 in bone, at 
least these proteins have high affinity and 
low capacity for 1,25-(OH)2D3, which are 
important criteria expected of a steriod 
hormone receptor. 

B. E. KREAM, M. JOSE 
S. YAMADA, H. F. DELUCA 

Department of Biochemistry, 
College ofAgricultural and Life 
Sciences, University of 
Wisconsin-Madison, Madison 53706 
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Both bone cytosols examined con- 
tained two high-affinity binding proteins 
for vitamin D3 metabolities: a 3.5S pro- 
tein specific for 1,25-(OH)2D3 and a 5 to 
6S protein specific for 25-OH-D3. Al- 
though 1,25-(OH)2-[3H]D3 is distributed 
between 3.5S and 6S macromolecules in 
rat calvaria cytosol, it binds preferen- 
tially to the 3.5S component. A 5 to 6S 
protein which binds 25-OH-D3 in cytosol 
prepared from rat bone has been demon- 
strated by other investigators using ion 
exchange chromatography (16). Further- 
more, a similar 5 to 6S binding protein 
for 25-OH-D3 has been demonstrated in 
all rat and chick tissues examined 
(3, 17). In experiments not reported 
here, the 5 to 6S 25-OH-D3a cytosol bind- 
ing protein found in rat tissues reacts 
with an antibody directed to the 4S 
plasma transport protein for 25-OH-D3, 
suggesting that these binding proteins 
are similar or closely related and may not 
be related to receptor activity. 

In chick calvaria cytosol, 1,25-(OH)2- 
[3HID3 bound only to the 3.5S protein in 
a manner analogous to its association 
with the 3.7S protein present in chick in- 
testinal cytosol. Although further inves- 
tigation is necessary to establish these 
3.5S proteins as physiologic receptors 
for the action of 1,25-(OH)2D3 in bone, at 
least these proteins have high affinity and 
low capacity for 1,25-(OH)2D3, which are 
important criteria expected of a steriod 
hormone receptor. 
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(2). Never- stimulation, were reliably elicited. Rats 
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e degree of poral lobe structure (amygdala or hippo- 
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uivocal sup- sive than control subjects or those with a 
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obe epilepsy A single bipolar electrode was im- 
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Aggression in nucleus (N = 25) of adult male hooded 
led" with pe- rats (4). After at least 2 weeks of recov- 

ery from surgery during which all 75 sub- 
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Amygdala from each of the three groups were ran- 
domly selected to be kindled; the re- 
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days per week for the 8 weeks of the ex- 
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Caudate typically elicited. Then, with each suc- 
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Temporal Lobe Aggression in Rats 

Abstract. Although reports of aggressive behavior in temporal lobe epileptics are 
common, it has proven difficult in clinical settings to gain the experimental control 
necessary to systematically investigate temporal lobe aggression or even to provide 
unequivocal evidence of its existence. Increases in aggressive behavior were ob- 
served in rats with experimentally induced epileptic foci in temporal lobe structures 
but not in control rats or those with foci in the caudate. 
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