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sugars may have also contained dolichol- 1 1. References 
The question concerning the origin of dolichol- 1 1 in pig liver 

arises in view of the fact that the proportion of three internal 
trans isoprene residues in this molecule is rather typical for 
plant undecapreml (Feeney and Hemming, 1967). As revealed 
by reversed phase thin-layer chromatography, the polyprenols 
of pig liver form two different families (group A and group B, 
Figure 1). The more abundant are the longer chain dolichols 
ranging from Cgo to C110 and possessing two internal trans 
isoprene residues (cf. also Feeney and Hemming, 1967). The 
components of group B, in which dolichol-1 1 is present, occur 
in lower amounts. One can assume that dolichol-1 1 may arise 
from plant polyprenols present in the diet, though direct evi- 
dence is lacking on the possibility of its adsorption from the 
intestine and specific enzymic reduction of its OH-terminal 
isoprene residue. 

Using the procedure of selective hydrogenation of unde- 
caprenol, we recently performed the synthesis of dihydroso- 
lanesol with saturated OH-terminal isoprene residue from 
all-trans-(C~s)solanesol. This shows that the method presented 
here for selective hydrogenation is convenient with respect to 
both cis/trans- and all-trans polyprenols and also is irrespective 
of the configuration of the OH-terminal isoprene unit. 
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Isolation of an Inhibitor of 25-Hydroxyvitamin 
D3- 1 -Hydroxylase from Rat Serum? 

Kathleen M. Botham, Jacob G.  Ghazarian,f Barbara E. Kream, and Hector F. DeLuca* 

ABSTRACT: An inhibitor of chick kidney mitochondrial 25- 
hydroxyvitamin D3-1-hydroxylase has been isolated from rat 
serum by ammonium sulfate precipitation, gel filtration, ion- 
exchange chromatography, and preparative polyacrylamide 
disc gel electrophoresis. The purified protein was shown to 
contain iron and has a mol wt of 52 000. The protein is indis- 

1 ,25-Dihydroxyvitamin D3 (1,25-(OH)2D3),' the most active 
metabolite of vitamin D3 known in both induction of intestinal 
calcium transport and bone mobilization (Holick et al., 1971a; 
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tinguishable on gel electrophoresis from a similar inhibitor 
found in rat kidney tissue. The physiological significance of 
the inhibitor is not known; however, it seems possible that it 
is responsible for the failure to demonstrate in vitro 25-hy- 
droxyvitamin D3- 1-hydroxylation with rat and other mam- 
malian tissues. 

Haussler et al., 1971; Omdahl et al., 1971), is synthesized from 
25-hydroxyvitamin D3 (25-OH-Ds) in vivo in the kidney of 
vitamin D-deficient chicks and rats (Holick et al., 1971a, b; 
Fraser and Kodicek, 1970; Gray et al., 1971). 

Hydroxylation of 25-OH-D3 in the 1 position has been 
demonstrated in vitro using kidney tubules, homogenates, and 
isolated mitochondria from vitamin D-deficient chicks (Shah, 
1972; Fraser and Kodicek, 1970; Gray et al., 1972; Norman 
et al., 1971). However, although experiments with nephrec- 
tomized animals have shown that the kidney is the site of 
1,25-(OH)2& formation in the rat in vivo (Gray et al., 1971), 
it has not yet been possible to demonstrate this reaction with 
rat kidney tubules, homogenates, or mitochondria in vitro. 
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100 
The presence of a factor in rat kidney homogenates which 

inhibits in vitro 1-hydroxylation of 25-OH-D3 by chick kidney 
preparations has been reported previously (Botham et al., 
1974). A similar inhibitor was found in some other rat tissues 
and to a much less extent in chick tissue, the most potent 
sources being rat serum and intestinal homogenates. 

This paper describes the isolation of the inhibitory factor 
and some of its properties. 

Materials and Methods 
Animals. One-day-old white Leghorn cockerels (Northern 

Hatcheries, Beaver Dam, Wis.) were maintained on a vitamin 
D-deficient purified diet (Omdahl et al., 1971) for 4-6 weeks 
before use. 

Male albino rats (Holtzman Co., Madison, Wis.) were 
housed in hanging wire cages and fed a vitamin D-deficient diet 
containing 0.47% calcium and 0.3% phosphorus (Suda et al., 
1970). Rats were allowed food and water ad libitum for 5-8 
weeks before being used in experiments. 

Animals were killed by decapitation and blood was collected 
and centrifuged at  300g for 10 min to obtain serum. Kidneys 
were removed immediately after death and placed in ice-cold 
buffered sucrose (0.32 M sucrose, 0.05 M Tris-acetate, pH 
7.4). 

Radioactive 2.f-oH-D3. 25-OH-[26,27-3H]D3 (1.2 and 9.2 
Ci/mmol) was synthesiaed in this laboratory by the method 
of Suda et al. (1970). The radioactive material was purified 
periodically by chromatography on a Sephadex LH-20 column 
( 1  X 60 cm) eluted with 50:50 chloroform-Skellysolve B 
(Holick and DeLuca, 1971). 

Incubation Conditions. Chick kidney mitochondria were 
prepared as described by Knutson and DeLuca (1974). The 
final pellet was resuspended in buffered sucrose solution to give 
a concentration of approximately 16 mg of protein/ml. This 
preparation (0.5 ml) was incubated with 1 ml of cofactor so- 
lution (5 mM succinate, 1.87 mM MgC12: Omdahl et al., 
1972), 1 ml of rat protein preparation to be tested for inhibition 
in 0.05 M Tris-acetate buffer (pH 7.4) (except where noted), 
and 10 ng of 25-OH-[26,27-3H]D3 (1.2 Ci/mmol) in 10 pl of 
95% ethanol. The total volume in  each flask was 2.5 ml. In 
control flasks, 1 ml of buffer replaced the rat protein prepa- 
ration. Incubations were carried out for 15 min at 37 OC in the 
presence of 100% oxygen with continuous agitation of 80 os- 
cillations/min with 1-in. stroke length. Reactions were stopped 
with 15 ml of 2:l methanol-chloroform. 

Extraction. The one-phase system obtained with 2:l 
methanol-chloroform addition was allowed to stand at room 
temperature for 1 h after which time 5 ml of chloroform and 
4 ml of water were added to produce two phases. After sepa- 
ration, the chloroform phase was taken to dryness on a rotary 
evaporator in the presence of a small amount of ethanol, added 
to remove residual water. The residue was dissolved in chlo- 
roform and a small aliquot taken for radioactive determination. 
Ninety to one-hundred percent recovery of the tritium added 
to the incubation flask was obtained. 

Thin-Layer Chromatography, Further aliquots of the 
chloroform solution were applied to thin-layer chromatograms 
(silica gel G 100 pm thick 2 X 20 cm, Eastman Kodak, 
Rochester, N.Y.), and developed in 95% chloroform-glacial 
acetic acid (Gray et al., 1971). The chromatogram was then 
dried, cut into 1-cm strips (16), and eluted with chloroform. 
After 1 h, the strips were removed and the chloroform was 
evaporated under a stream of air. 

The residue was dissolved in 4 ml of toluene counting solu- 
tion (Bhattacharyya and DeLuca, 1973). Samples were as- 

' 

- 
- 

FIGURE 1: Standard curve for assay of inhibitor. Flasks were incubated 
as described in the text. Bars represent standard deviation of five deter- 
minations. 

sayed for radioactivity in a Nuclear-Chicago Model 6868 
Isocap liquid scintillation counter. Efficiency of counting was 
48-50%. Recovery of radioactivity from chromatograms was 
75-90% and the presence of lipids in the extracts did not alter 
the migration of either 25-OH-D3 or 1,25-(OH)$3 on the 
thin-layer chromatographic strips. 

The relative position of the metabolites was determined in 
separate experiments by chromatography of the pure com- 
pounds. 1,25-(OH)*D3 and 25-OH-D3 have Rf values of 0.3 
and 0.75, respectively. Values for radioactivity recovered as 
1,25-(OH)2D3 and 25-OH-D3 from thin-layer chromatograms 
agreed (within 5%) with those obtained by the well-established 
system of column chromatography on Sephadex LH-20 
(Holick and DeLuca, 1971). 

Using the assay system described above, a standard curve 
of percent inhibition vs. milliliters of serum protein added to 
the incubation was plotted (Figure 1) .  One unit of inhibition 
was defined as that amount of protein required to produce 50% 
inhibition of the chick kidney 25-OH-D3-1-hydroxylase. The 
curve was found to be reproducible and was used to quantitate 
the inhibitor in the isolation procedure. 

Sephadex LH-20 Chromatography. For some experiments 
(Figure 7), the lipid extract from each incubation mixture was 
chromatographed on a 20-g Sephadex LH-20 column (2 X 30 
cm) equilibrated with 65:35 chloroform-Skellysolve B. The 
column was eluted with the same solvent and 40 10-ml samples 
were collected into counting vials. The solvent was dried in a 
stream of air and the residue redissolved in 5 ml of toluene 
counting solution (Bhattacharyya and DeL.uca, 1973). Ra- 
dioactivity was counted in a Beckman LS- 100 C liquid scin- 
tillation spectrometer. The relative elution positions of 25- 
OH-& and 1,25-(OH)2D3 in this chromatographic system 
have been previously determined (Holick and DeLuca, 1971). 

Ammonium Sulfate Precipitation. Solid ammonium sulfate 
was added to rat serum with continuous stirring to the appro- 
priate percent saturation (Di Jeso, 1968). The precipitates were 
collected by centrifugation at 20 OOOg for 15 min. Pellets were 
dissolved in 0.05 M Tris-acetate buffer (pH 7.4) and super- 
natants were further treated with ammonium sulfate to the 
required saturation point. 

Column Chromatography. Gel filtration was carried out 
on 2.6 X 60 cm columns of Sephadex G-200 (Pharmacia Fine 
Chemicals, Piscataway, N.J.) and equilibrated with 0.05 M 
Tris-acetate buffer (pH 7.4). Proteins were eluted with the 
same buffer and 100 3-ml fractions were collected. 

Ion-exchange chromatography was performed on 2.4 X 45 
cm columns of DEAE-Sephadex A-50 (Pharmacia Fine 
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FIGURE 2: Gel filtration on Sephadex G-200 of protein fraction from rat 
serum precipitating between 30 and 60% saturation with ammonium 
sulfate. Fractions containing 2.8 ml were collected. 

V O L U M E  ( m i )  

FIGURE 3: Ion-exchange chromatography on DEAE-Sephadex A-50 of 
inhibitor band eluted from the Sephadex G-200 column (Figure 2). 
Four-milliliter fractions were collected. 

Chemicals) equilibrated with 0.05 M Tris-acetate buffer (pH 
7.4). A continuous salt gradient of 0-1 M sodium chloride was 
used. 

Dilute protein solutions were concentrated by ultrafiltration 
under 40 psi of nitrogen in an Amicon (Lexington, Mass.) ul- 
trafiltration cell with a UM2 membrane. 

Electrophoresis. Analytical disc gel electrophoresis was 
carried out on 5% polyacrylamide gels as described by Davis 
(1962). Migration of the inhibitor was not affected by the 
presence of 25-OH-D3. Protein was recovered from these gels 
by slicing into pieces of appropriate length, crushing in a tissue 
press, and eluting with 5 ml of 0.05 Tris-acetate buffer (pH 
7.4) for 2 h. The crushed polyacrylamide was then filtered off, 
and the filtrate was adjusted to pH 7.4 with 1 N hydrochloric 
acid. This solution could then be tested for inhibition in the 
assay described above. 

Gels were stained for protein with 0.025% Coomassie Bril- 
liant Blue R (St. Groth et al., 1963). Sudan Black B was used 
to test for the presence of lipoprotein (Prat et al., 1969). 
Iron-containing proteins were detected by their color reaction 
with benzidine hydrochloride (Ornstein, 1963) and staining 
for proteins containing carbohydrate was performed using 
Schiff reagent-periodic acid (Zacharius et a]., 1969) and 
Toluidine Blue 0 (Maurer, 1971). 

Sodium dodecyl sulfate treated gels were used to determine 
molecular weights by the method of Weber et al. (1972). 

Preparative electrophoresis was run a t  4 O C  using the 
Canalco Prep-disc apparatus (Canalco, Rockville, Md.). The 
gel system was as described for analytical electrophoresis. The 
Tris-acetate (0.05 M) at pH 7.4 was the eluting buffer at a flow 
rate of approximately 0.5 ml/min. 

Sucrose Density Gradients. Linear 10-30% sucrose gradi- 
ents (3.55 ml) were prepared by layering 0.71 ml each of 30, 
25,20, 15, and 10% sucrose in 10 mM Tris-HCI, 1 mM EDTA, 
pH 7.4, buffer into 4-ml polyallomer tubes. At least 6 h a t  4 
O C  was allowed for diffusion of the layers. 

F R A C T I O Y  N U M B E R  

FIGURE 4: Preparative disc gel electrophoresis profile obtained by 
applying the inhibitor band eluted from ion-exchange chromatography 
(Figure 3)  to a polyacrylamide gel prepared as described in the text. Flow 
rate of the elution buffer was approximately 0.5 ml/min. Four-milliliter 
fractions were collected. 

Binding Experiment. Purified rat inhibitor protein was di- 
luted to an appropriate concentration with 10 mM Tris-HC1, 
1 mM EDTA, pH 7.4 buffer. Aliquots (0.5 ml) of diluted 
protein were added to glass tubes containing 25-OH- [3H] D3 
(9.2 Ci/mmol) in 0.015 ml of 95% ethanol. The contents of the 
tubes were mixed thoroughly and placed in a shaking water 
bath maintained at 37 OC. After 15 min, the tubes were placed 
on ice and 0.2 ml of each incubation mixture was layered onto 
the top of a 10-30% linear sucrose gradient. The gradients were 
contained in an SW60 rotor and centrifuged in a Beckman 
L5-50 ultracentrifuge a t  257 OOOg for 18 h a t  4 O C .  The gra- 
dients were fractionated from the bottom by displacement with 
mineral oil dispensed from a 5-ml Hamilton syringe (Jensen 
et al., 1968). Fractions (0.1 ml) were collected in counting vials 
and radioactivity was determined in 5 ml of scintillation fluid 
containing 1:3 Triton X- 100:toluene, PPO, Me*POPOP, and 
sufficient water to effect clarification. Radioactivity remaining 
in the oil layer and the gradient tube was also determined. 
Samples were counted in a Beckman LS-1OOC liquid scintil- 
lation spectrometer a t  36% efficiency. 

Other Methods. Protein was determined as described by 
Lowry et al. (1951). The side-chain cleavage enzyme of cho- 
lesterol was prepared from bovine adrenal cortex and incu- 
bations were carried out as described by Simpson and Boyd 
(1967). 

Results 
Isolation of Inhibitor f r o m  Rat  Serum. Preliminary ex- 

periments in which proteins were separated by analytical 
polyacrylamide gel electrophoresis then eluted and tested in 
the chick kidney 25-OH-D3- 1 -hydroxylase assay showed that 
in both rat serum and kidney preparations inhibition was as- 
sociated with a protein having oc-globulin-like mobility. In the 
isolation procedure, rat serum was used as it was found to be 
the most convenient source of the inhibitor. This inhibitor is 
heat labile (Botham et al., 1974) and is destroyed by trypsin, 
demonstrating that it is at least in part a protein. 

Preliminary experiments revealed that 80% of the inhibitor 
was associated with proteins precipitating between 30 and 60% 
salt saturation. This fractionation procedure was found to give 
the maximum recovery of inhibitor with the maximum removal 
of unwanted protein. The 30-60% ammonium sulfate precip- 
itate was dissolved in 5 ml of Tris-acetate buffer (pH 7.4) and 
chromatographed on a Sephadex (3-200 column previously 
equilibrated with this buffer. The protein profile from this 
column showed three major bands (Figure 2), while the in- 
hibitor was eluted in a single peak. The fractions associated 
with the inhibitor were combined and applied to DEAE-Se- 
phadex A-50. The ion-exchange column had been previously 
equilibrated with 0.05 M Tris-acetate buffer (pH 7.4). A salt 
gradient of 0-1 M NaCl was applied after the first 20 fractions 
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TABLE I: Purification of 25-Hydroxyvitamin D3-I-Hydroxylase 
Inhibitor from Rat Serum. 

Specific 
Total Total Units Activity 

Protein of (units/mg of 
Treatment (w) Inhibitor protein) 

None (serum) 842 2259 2.7 
Ammonium 418 I588 3.8 

sulphate 
Gel filtration 221 1356 6.1 

(G-200) 
lon-exchange 104 1224 11.8 

chroma- 
tography 

Preparative 0.63 1074 1705 
electrc- 

phoresis 

had been collected. Figure 3 shows the elution profile of protein 
and inhibitor obtained. Those fractions containing the inhibitor 
were combined, dialyzed overnight against 0.05 M Tris-acetate 
buffer (pH 7.4), and concentrated by ultrafiltration to a vol- 
ume of 2-3 ml. 

Analytical polyacrylamide disc gel electrophoresis of ali- 
quots of the concentrate resolved two major and several minor 
protein hands. It seemed likely that these could be separated 
by preparative disc gel electrophoresis. 

Figure 4 shows the elution profile for protein and inhibitor 
obtained after subjecting the concentrated solution from the 
ion-exchange column to preparative polyacrylamide disc gel 
electrophoresis. The inhibitor was associated with a minor 
protein hand well separated from the major protein peaks. 

The fractions showing inhibition were p l e d  and concen- 
trated by ultrafiltration. Analytical polyacrylamide disc gel 
electrophoresis of aliquots of the concentrate showed a single 
band after staining for protein (Figure 5 ) .  Table I summarizes 
the purification of inhibitor protein from rat serum. 

Chemical and Physical Properties of the Inhibitor. In order 
to detect any nonprotein constituents of the inhibitor, poly- 
acrylamide gels were stained with reagents giving color reac- 
tions with lipids, carbohydrates, and metals. The inhibitor did 
not give a positive test for lipid or carbohydrate, but did give 
a positive test for iron by the benzidine hydrochloride test. 

Polyacrylamide gel electrophoresis in the presence of sodium 
dodecyl sulfate separates polypeptide chains according to their 
molecular weight (Shapiro et al., 1967), there being an inverse 
linear relationship between relative migration distance and log 
molecular weight. Electrophoresis of the inhibitor and a series 
of standard proteins on sodium dodecyl sulfate-treated poly- 
acrylamide gels indicated that the inhibitor is a monomer with 
a mol wt. of 52 000. This was in agreement with molecular 
weight estimates from gel filtration and ultracentrifugation 
on sucrose density gradients. The 52 000 mol wt species was 
the only band detected on sodium dodecyl sulfate gels. 

A protein concentrate prepared from rat kidney microsomes 
by suspension in hypotonic buffer (Botham et al., 1974) was 
shown to contain a protein band which comigrated with the 
isolated inhibitor on polyacrylamide disc gel electrophoresis, 
This protein was eluted from the gel as described under Ma- 
terials and Methods, and shown to cause inhibition of the chick 
kidney 25-OH-Dj-I-hydroxylase. Other proteins eluted from 
the same gel did not inhibit the chick enzyme system. 

It has been established that cytochrome P-450 is involved 
in the activity of 25-OH-D3-1-hydroxylase (Ghazarian and 

FIGURE 5: Analytical polyacrylamide disc gel electrophoresis of protein 
after preparative gel electrophoresis. Protein was concentrated by ultra- 
filtration applied to polyacrylamide gels, and stained as described in the 
text. (1) Protein band; (2) tracking dye. Fifty-micrograrns of protein was 
applied. T, top, B, bottom.11 is an enlargement of the lower half of gel 1. 

DeLuca, 1974; Ghazarian et al., 1974) and that the system 
requires a flavoprotein and an iron-sulfur protein (Ghazarian 
et al., 1974). Low levels of the purified inhibitor ( I  unit) 
completely blocked the production of 1,25-(OH)zD3 from 
25-OH-D3 in the reconstituted enzyme system composed of 
beef adrenal ferredoxin reductase, chick renal ferredoxin, chick 
renal mitochondrial cytochrome P-450, and NADPH (Gha- 
zarian et al., 1974; Pedersen et al., 1976). However, the in- 
hibitor did not prevent the reduction of cytochrome c in the 
presence of NADPH, beef adrenal ferredoxin reductase, and 
chick renal mitochondrial ferredoxin (measured spectropho- 
tometrically as the increase in absorbance a t  550 nm). This 
demonstrates that the inhibitor either specifically inhibits the 
I-hydroxylase cytochrome P-450 or hinds the 25-OH-Dj 
substrate. 

The enzyme system present in bovine adrenal cortex mito- 
chondria which cleaves the side chain of cholesterol to form 
pregnenolone has also been shown to involve cytochrome P-450 
(Simpson and Boyd, 1967). Levels of inhibitor which reduced 
the production of 1,25-(OH)*D3 from 25-OH-D3 by thechick 
kidney I-hydroxylase to 20-30% that of the uninhibited en- 
zyme had no effect on the formation of pregnenolone from 
cholesterol in the in vitro system of Simpson and Boyd (1967). 

Binding of 25-OH-D3 by the 25-0H-D,-l-Hydroxylase 
Inhibitor. To examine the question of whether the binding of 
substrate might be the mechanism of inhibition, the inhibitor 
was incubated a t  37 "C with 25-OH-[3H]D3 and then 
subjected to centrifugation on a 10-30% linear sucrose gradient 
(Figure 6). There is no doubt that the inhibitor binds the 25- 
OH-[3H]D3 and the complex has a sedimentation coefficient 
of 4 S. Extraction and chromatography of the 3H bound to the 
inhibitor after incubation revealed that the 25-OH-['H]D3 
remained unchanged during this procedure. A series of such 
binding studies permitted a determination of the binding ca- 
pacity of the inhibitor (7.5 pg/mg of protein). Increasing the 
substrate concentration above the binding capacity of the in- 
hibitor increases the reaction rate (Figure 7). The velocity of 
the I-hydroxylase a t  34 ng of substrate is 0.25 pmol min-' 
mg-I of protein in the absence of inhibitor. The velocity of the 
1-hydroxylase at 50 ng of substrate in the presence of inhibitor 
was 0.19 pmol min-l mg-I of protein. Since the inhibitor a t  
capacity binds 16 ng of substrate, the effective substrate con- 
centration should be 34 ng in this case. The velocities are, 
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FIGURE 6: Binding of 25-OH-[3H]D3 to purified rat serum inhibitor 
protein. Rat serum inhibitor protein was diluted with 10 mM Tris-HCI, 
1 mM EDTA, pH 7.4, buffer to a final concentration of 0.006 mg/ml. 
Then 0.5 ml was incubated with 1.25 ng of 25-OH-[3H]D3 (9.2 Ci/mmol) 
contained in 0.015 ml of 95% ethanol for 15 min at 37 OC. Binding of 
25-OH-[3H]D3 to rat serum inhibitor was analyzed on 10-30% sucrose 
density gradients as described in the text. The arrow indicates the position 
of sedimentation of bovine serum albumin. The early peak of radioactivity 
represents unbound 25-OH-[3H]D3. 

therefore, similar when effective substrate concentration is 
considered. 

Discussion 
The factor present in rat kidney and other tissues which 

inhibits the conversion of 25-OH-D3 to 1,25-(OH)& by chick 
kidney preparations (Botham et al., 1974) has been isolated 
from rat serum by ammonium sulfate precipitation, gel fil- 
tration, ion-exchange chromatography, and preparative disc 
gel electrophoresis. The protein has been shown to be a mo- 
nomer containing iron with a mol wt of 52 000. The data in- 
dicate that the serum inhibitor is indistinguishable on gel 
electrophoresis from that found in rat kidney preparations. 

It is possible that the inhibitor exerts its effect by interfering 
with the respiratory chain and/or oxidative phosphorylation, 
thus reducing the availability of reducing equivalents to the 
25-OH-D3-1-hydroxylase. The finding that the inhibitor was 
effective when chick kidney mitochondria were swollen with 
10 mM calcium (Botham et al., 1974), conditions where ex- 
tramitochondrial NADPH can support 1 -hydroxylation in the 
absence of Krebs cycle intermediates and in the presence of 
respiratory chain inhibitors and uncouplers of oxidative 
phosphorylation (Ghazarian and DeLuca, 1974), suggested 
that this was not the case. It has now been shown that the re- 
duction of cytochrome c by the chick kidney mitochondrial 
NADPH-cytochrome c reductase is not affected by the pu- 
rified inhibitor. Thus, the effect of the inhibitor upon the 1- 
hydroxylase may involve a direct interaction with the l-hy- 
droxylase cytochrome P-450 or with the substrate. 

The presence of cytochrome P-450 in chick kidney mito- 
chondria has been demonstrated by carbon monoxide differ- 
ence spectra, and its involvement in 25-OH-D3- l-hydroxyl- 
ation has been shown by reconstitution studies with the soh-  
bilized cytochrome, flavoprotein, iron-sulfur protein, and 
NADPH (Ghazarian et al., 1974). The possible inhibition of 
other cytochrome P-450 systems was investigated by studying 
the effect of the inhibitor on another well-established mito- 
chondrial P-450 system, the side-chain cleavage enzyme which 
forms pregnenolone from cholesterol (Simpson and Boyd, 
1967). No inhibition was seen in this system. 

ng 2 5 - O H - [ 3 H ]  D3 

FIGURE 7: The effect of increasing substrate concentration on 25-OH- 
D3-l -hydroxylase by chick kidney mitochondria in the presence and ab- 
sence of purified rat serum inhibitor protein. Chick kidney mitochondria 
(8.2 mg) was incubated with either 10,20, or 50 ng of 25-OH-[3H]D3 (1.2 
Ci/mmol) in the presence (0) or absence (0) of 2 pg of rat serum inhibitor 
for 15 min at  37 OC. 1 ,25 - (0H)~- [~H]D3  was determined by Sephadex 
LH-20 chromatography of the lipid extract of each incubation. The rate 
of 1 -hydroxylation is expressed as pmol of 1,25-(oH)zD3 produced min-' 
mg-' of mitochondrial protein. The amount of inhibitor added to each of 
the indicated vessels was sufficient to bind a maximum of 16 ng of 25- 
OH- [3H]D3 as determined by sedimentation analysis. 

It is likely that the inhibitor acts by binding the substrate 
25-OH-D3 more strongly than does the 1-hydroxylase enzyme. 
There is no doubt that the inhibitor binds 25-OH-D3 (Figure 
6 ) .  Its electrophoretic behavior, molecular weight, and sedi- 
mentation constant suggest that it may be identical with the 
25-OH-D3 transport protein in the plasma (Rikkers and De- 
Luca, 1967; Edelstein et al., 1974; Edelstein, 1974; Haddad 
and Birge, 1971, 1975). In support of the idea that the inhibitor 
acts by binding the substrate, the results in Figure 7 demon- 
strate that the reduced 1-hydroxylase velocity in the presence 
of inhibitor can be explained almost entirely by substrate 
binding. 

All attempts made in our laboratory to demonstrate sub- 
stantial 25-OH-D3- 1 -hydroxylase activity in homogenates and 
cell fractions from rat kidney have been unsuccessful. Midgett 
et al. (1973) have reported the production of 1,25-(OH)*D3 
from 25-OH-D3 using human, dog, and rat kidney tissue in 
vitro; however, the reported levels could not account for the 
amounts produced by rat kidney in vivo. The physiological 
significance of the inhibitor in the rat is not clear; however, it 
seems possible that it is responsible for the failure to find in 
vitro 25-OH-D3- 1-hydroxylation with rat and other mam- 
malian tissues. It is hoped that the purification and charac- 
terization of this protein will enable experiments to be designed 
in which the inhibitory effect can be overcome, thus allowing 
the study of the mammalian 25-OH-D3- 1-hydroxylase in vitro 
under controlled conditions. 
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