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The cytochromes P-450 in pig kidney mitochondria catalyzing la-, 
24- and 26-hydroxylations of 25-hydroxyvitamin D3 have been sepa- 
rated. The cytochrome P-450 fractions required NADPH, mitochond- 
rial ferredoxin and ferredoxin reductase for catalytic activity. 
The present report demonstrates that different forms of cytoch- 
rome P-450 are involved in lo-, 24- and 26-hydroxylations of 
25-hydroxyvitamin D3 and provides a basis for further purifica- 
tion and characterization of these enzymes. 01990 Academic Press, Inc. 

The kidney is the major site of 25-hydroxyvitamin D3 metabo- 

lism. The most important reaction occurring is the la-hydroxyla- 

tion of 25-hydroxyvitamin D3 to produce la,25-dihydroxyvitamin 

D3' a compound possessing hormone-like properties (1). 25-Hydro- 

xyvitamin D3 is also converted into other polar metabolites, such 

as 24,25-dihydroxyvitamin D3 and 25,26-dihydroxyvitamin D3. The 

function of these metabolites has not been definitely established 

(2). 

Cytochrome P-450-dependent la-hydroxylation of 25-hydroxyvi- 

tamin D3 in mammals was first demonstrated by Saarem et al. (3) 

using pig kidney mitochondria. In 1984, Engstrom et al. (4) 

reported la- and 24-hydroxylase activities towards 25-hydroxyvi- 

tamin D3 in pig kidney homogenates. Recently, this laboratory 

reported the isolation of a cytochrome P-450 fraction from pig 

kidney mitochondria active in 26-hydroxylation of 25-hydroxyvi- 

tamin D3 (5). Studies with partially purified preparations from 

pig kidney mitochondria have not clearly demonstrated whether 

these hydroxylations are catalyzed by the same or by different 

forms of cytochrome P-450 (3,5,6). The heme content as well as 

the specific activities towards 25-hydroxyvitamin D3 in the 

preparations have been low. 

0006-291X/90 $1.50 

261 
Copyright 0 1990 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 



Vol. 168, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The present communication reports methods for separation of 

the cytochromes P-450 in pig kidney mitochondria catalyzing the 

la-, 24- and 26-hydroxylations of 25-hydroxyvitamin D3. 

EXPERIMENTAL PROCEDURES 

Materials. 24R,25-Dihydroxy [23,24(n)-3H] vitamin D3 (60-90 
Ci/mmol), 25,26-dihydroxy [23,24(n)-3ti vitamin D3 (95 Ci/mmol) 
and la,25-dihydroxy[23,24(n)-3H]vitamin D3 (101 Ci/mmol) were 
obtained from the Radiochemical Center (Amersham, U.K.). 25-Hyd- 
roxyvitamin D3 was obtained from Duphar (Weesp, The Netherlands). 
Sodium cholate {sodium 3a,7a,l2a-trihydroxy-58 -cholanoate) and 
Lubrol PX were obtained from Sigma. Octylamine-Sepharose 4B was 
prepared as described previously (7) and hydroxylapatite (Bio-Gel 
HTP) from Bio-Rad was used in the form described by Dahlbsck and 
Wikvall (8). Q-Sepharose was from Pharmacia and cofactors were 
from Merck. The remaining chemicals were of reagent grade. 
Purification procedure. Kidneys from untreated pigs were used. 
Kidney cortex mitochondria were prepared from 12 kg of pig kidney 
as described previously for preparation of rabbit liver mito- 
chondria (9). The mitochondria were suspended in 10 mM phosphate 
buffer, pH 7.4, to a protein cor&centration of 15 mg/ml, homoge- 
nized and allowed to stand at 4 C overnight. The mitochondrial 
suspension was sonicated for 3 min at intervals of 15 s and 
centrifuged at 20,OOOO x g for 30 min. The precipitate was dis- 
solved in 0.1 M phosphate, pH 7.4, containing 20% glycerol, 0.1 
mM EDTA, and 1.8% (w/v) sodium cholate to a protein concentration 
of 6 mg/ml and homogenized. The suspension was stirred gently for 
1 h at 4 C. A 50% (w/v) polyethylene glycol 6,000 solution was 
added to a concentration of 6% polyethylene glycol in the suspen- 
sion and stirring was continued for 15 min. The precipitate 
between O-6% polyethylene glycol was collected by centrifugation 
at 20,000 x g for 20 min and discarded. Polyethylene glycol was 
then added in the same way to a concentration of 17%. The preci- 
pitate between 6-17% polyethylene glycol was collected by centri- 
fugation and was homogenized and dissolved in 0.1 M phosphate, pH 
7.4, containing 20% glycerol, 0.1 mM EDTA and 0.8% (w/v) sodium 
cholate. All buffers in the following purification procedure 
contained 20% glycerol and 0.1 mM EDTA unless otherwise stated. 
Phosphate buffer was used as the potassium salt. The solution was 
subjected to chromatography on an octylamine-Sepharose column (4 
x 40 cm), equilibrated in 0.1 M phosphate buffer, pH 7.4, con- 
taining 0.7% (w/v) sodium cholate. The column was washed with 0.1 
M phosphate buffer, pH 7.4, containing 0.4% (w/v) sodium cholate 
and the cytochromes P-450 were eluted with addition of 0.08% 
(w/v) Lubrol PX to the washing buffer. Cytochrome P-450 con- 
taining fractions were diluted fivefold with 20% glycerol and 
subjected to chromatography on hydroxylapatite (3 x 40 cm), equi- 
librated in 10 mM phosphate buffer, pH 7.4. The hydroxylapatite 
column was washed with 25 mM phosphate buffer, pH 7.4, containing 
0.2% (w/v) Lubrol PX and cytochromes P-450 were eluted with 150 
mM phosphate buffer, pH 7.4, containing 0.2% (w/v) Lubrol PX. The 
fractions with highest concentration of cytochrome P-450 were 
pooled and dialyzed overnight against 20 mM Tris-acetate buffer, 
pH 8.0, containing 0.4% (w/v) Lubrol PX. The cytochrome P-450 
fraction was then subjected to HPLC using a Q-Sepharose column 
(1.6 x 20 cm). The column was equilibrated in 20 mM Tris-acetate 
buffer, pH 8.0, containing 0.4% (w/v) Lubrol PX. The flow rate 
was 2 ml/min. The column was eluted in a stepwise gradient of 
sodium acetate in the equilibrating buffer. The la- and the 
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24-hydroxylating cytochromes P-450 were eluted with 75 mM sodium 
acetate in the equilibrating buffer whereas the 26-hydroxylating 
cytochrome P-450 was eluted with 0.3 M sodium acetate in the 
equilibrating buffer. The fraction containing la- and 24-hydro- 
xylating cytochromes P-450 and the fraction containing 26-hyd- 
roxylating cytochrome P-450 were separately dialyzed against 10 
mM phosphate buffer, pH 7.0, containing 0.4% (w/v) Lubrol PX and 
0.1% (w/v) sodium cholate. Each fraction was subjected to chroma- 
tography on Q-Sepharose columns (1.6 x 20 cm) equilibrated in the 
same buffer as used for dialysis. The columns were eluted with 
sodium acetate gradients (O-20 min, 0 M; 20-40 min, O-O.1 M; 
40-60 min, 0.1 M; 60-80 min, 0.1-0.3 M; 80-100 min, 0.3 M; 
101-120, 0.5 M) in the equilibrating buffer. The flow rate was 2 
ml/min. The la-hydroxylating cytochrome P-450 was eluted with 0.1 
M sodium acetate and the 24-hydroxylating cytochrome P-450 with 
0.3 M sodium acetate. The 26-hydroxylating cytochrome P-450 was 
eluted with 0.1 M sodium acetate in the equilibrating buffer. 
Detergents were removed and the final cytochromes P-450 fractions 
were dialyzed as described by Wikvall (9). The separation proce- 
dures are summarized in Fig. 1. 
Incubation procedures. Incubations were carried out for 20 min at 
37OC. 25-Hydroxyvitamin D3, 25 pg in 25 ~1 acetone, was incubated 
with 0.2 nmol of the cytochrome P-450 fraction, 2 nmol of ferre- 
doxin, 0.2 nmol of ferredoxin reductase and 1 limo1 of NADPH in a 
total volume of 1 ml of 50 mM Tris-acetate buffer, pH 7.4. Incu- 
bations with intact mitochondria were performed with 20 mg of 
mitochondrial protein, 45 pmol of isocitrate, and 10 mM MgC12 in 
a total volume of 5 ml of 50 mM Tris-acetate buffer, pH 7.4. 
Before analysis, the incubation mixtures with intact mitochondria 
were extracted and purified as described by Holmberg et al. (10). 
Incubations were terminated with 5 ml of trichloroethane/ methanol 
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Fig. 1. Purification procedure. 
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(2:1, v/v) and extracted and analyzed by HPLC as described 
previously (11). The retention times for lc,25-, 24,25- and 
25,26-dihydroxyvitamins D3 were 12, 6 and 10 min on straight 
phase, respectively, and 6.9, 6.2 and 7.5 min respectively, on 
reversed phase HPLC. Total recovery was SO-60%. The identity of 
the la,25-dihydroxyvitamin D3 and the 25,26-dihydroxyvitamin D3 
was confirmed by combined gas chromatography-mass spectrometry of 
the trimethylsilyl ether derivatives. 
Other methods. Ferredoxin and ferredoxin reductase from adrenal 
mitochondria were prepared as described previouslv 19). Protein 
was determined by the method of Lowry et al. 
P-450 as described by Omura and Sato (13). 

(12)-and cytochrome 

RESULTS AND DISCUSSION 

Solubilization of pig kidney mitochondria with sodium cholate, 

followed by polyethylene glycol fractionation and chromatography 

on octylamine-Sepharose, hydroxylapatite and Q-Sepharose in two 

steps resulted in the isolation of cytochromes P-4501c, P-45O24 

and P-45O26 in separate fractions. The preparations contained, 

respectively, 2.0, 3.5 and 2.2 nmol of cytochrome P-450 per mg of 

protein. The specific cytochrome P-450 content was 20-35-fold 

higher in the partially purified enzyme fractions than in mito- 

chondria (3,141. The cytochrome P-450 fractions, in the presence 

of ferredoxin, ferredoxin reductase and NADPH, catalyzed lcl-, 

24- and 26-hydroxylations of 25-hydroxyvitamin D3 at rates of 76, 

155 and 50 pmol of product formed x nmol of cytochrome P-450-l x 

min -' (Table 1). When expressed as pmol x mg of protein 
-1 

x 

Table 1. Hydroxylase activities in mitochondria and partially 
purified cytochrome P-450 fractions from pig kidney 

Fraction Specific Hydroxylation of 25-hydroxyvitamin D3- 

content 

(nmol/ ICC 24 26 la 24 26 
mg protein) (pmol/mg of protein/min) (pmol/nmol of P-450/min 

* 
Mitochondria N.D. 0.08 <0.05 0.15 N.D. N.D. N.D. - 

P-45Olc 

P-45o24 

2.0 

3.5 

153 <0.05 <0.05 - - 

to.05 543 <0.05 - 

76 21 '1 

t1 - 155 51 

P-45o26 2.2 LO.05 (0.05 111 <l t1 50 

* 
ND, not determined 
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-1 min , these activities represented a 1,900-fold purification of 
the lcr-hydroxylase, a 21,000-fold purification of the 24-hydroxy- 
lase and a 700-fold purification of the 26-hydroxylase. 

Partial purification of 25-hydroxyvitamin D3 lcr-hydroxylase 
and 24-hydroxylase from both vitamin D-repleted and rachitic pigs 
has been previously reported (3,6). However, the cytochrome P-450 
content as well as the hydroxylase activities in these partially 
purified enzyme fractions were several times lower than in the 
present report. The la-hydroxylase and the 24-hydroxylase acti- 
vities have not been previously separated into distinct enzyme 
fractions from one and the same preparation of kidney mitochond- 
ria. 

Hiwatashi et al. (15) have reported the isolation of an 
electrophoretically homogeneous enzyme fraction from bovine 
kidney mitochondria catalyzing la-hydroxylation of 25-hydroxy- 
vitamin D 3 but not 24-hydroxylation. Although the specific 
content of cytochrome P-450 reported by Hiwatashi et al. (15) was 
six times higher than in the present la-hydroxylating enzyme 
fraction from pig kidney mitochondria, the rate of lct-hydroxy- 
lation was almost ten times lower. Ohyama et al. (16) reported 
recently the purification of 25-hydroxyvitamin D3 24-hydroxylase 

from kidney mitochondria of female rats treated with vitamin D3. 
The cytochrome P-450 content was not higher than that of the 
present 24-hydroxylating enzyme fraction. However, the 24-hydro- 
xylase activity towards 25-hydroxyvitamin D3 was 100 times higher 
in the preparation described by Ohyama et al. (16). No lcl-hydro- 
xylase activity was detected in the enzyme fraction. 

In the present work, a complete separation of the la- and 
24-hydroxylases was achieved. In addition, the 26-hydroxylase 
active on 25-hydroxyvitamin D3, recently shown to be a renal 
mitochondrial cytochrome P-450 (51, was isolated free from la- 
and 24-hydroxylase activities. Thus, the reported purification 
procedure clearly demonstrates that it is possible to separate 
the la-, 24- and 26-hydroxylating cytochromes P-450 and provides 
a basis for their further purification and characterization. 

ACKNOWLEDGMENTS 

The skilful technical assistance of Mrs Angela Lannerbro is 
gratefully acknowledged. The author is grateful to Dr Ylva 
Hagenfeldt and Professor Ingemar Bjorkhem for performing GC-MS 
analyses of la,25-dihydroxyvitamin D3 and 25,26-dihydroxyvitamin 

265 



Vol. 168, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

D3' This work was supported by the Swedish Medical Research 
Council (project 03X-218). 

1. 
2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

REFERENCES 

DeLuca, H.F. (1981) Harvey Lect. 75, 333-379. 
DeLuca, H.F., and Schnoes, H.K. (1983) Ann.Rev.Biochem. 52, 
411-439. 
Saarem, K., Pedersen, J.I., and Tollersrud, S. (1978) 
Comp.Biochem.Physiol. 61B, 485-490. 
Engstrom, G-W., Horst, R.L., Reinhardt, T.A., and Littledike, 
E.T. (1984) J.Nutr. 114, 119-126. 
Postlind, H., and Wikvall, K. (1989) Biochem.Biophys. 
Res.Commun. 159, 1135-1140. 
Gray, R.W., and Ghazarian, J.G. (1989) Bi0chem.J. 259, 
561-568. 
Cuatrecasas, P. (1970) J.Biol.Chem. 245, 3059-3065. 
DahlbZck, H., and Wikvall, K. (1988) Bi0chem.J. 252, 
207-213. 
Wikvall, K. (1984) J.Biol.Chem. 259, 3800-3804. 

10. Holmberg, I., Saarem, K., Pedersen, J.I., and Bjorkhem, I. 
(1986) Anal.Biochem. 159, 317-322. 

11. Postlind, H., and Wikvall, K. (1988) Bi0chem.J. 253, 549- 
552. 

12. Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J. 
(1954) J.Biol.Chem. 139, 317-322. 

13. Omura, T., and Sato, R. (1964) J.Biol.Chem. 239, 2379-2385. 
14. Warner, M. (1982) J.Biol.Chem. 257, 12995-13000. 
15. Hiwatashi, A., Nishii, Y., and Ichikawa, Y. (1982) Biochem. 

Biophys.Res.Commun. 105, 320-327. 
16. Ohyama, Y., Hayashi, S-i., and Okuda, K. (1989) FEBS Lett. 

255, 405-408. 

266 


