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The biosynttresis of oholio acid from oholesterol requires the intro- 

dwtion of a I&-hydrcmyl group. The substrate for 124qdroxylation is 

probably 7a-~x~bolest3en-3-one (L?IC), a oompound that 5s oonverted 

effioiently into 7a,12a-dihydroxyobolest-k-en-3~ne (7a,12~DHC) by rat- 

liver miorosomes (Danielsson and Einarsson, 1966). Tha latter oompound 

ia easily reduced to ~,7a,l2a-trulsilroxJI-5B-obolestans (Bars&s et al - -*a 

1965)) a precursor of cholio aoid (Danielsson, 1963). 

Liver miorososms hydrorylate various drugs in the presenoe of 02 and 

NADPH. The 02 used in these hydroxylations is aotivated by oytoohrome 

P-450, a haetmFpptp3.n whioh, in the reduoed state, oombj.nes with 00 

(Estabrook et al., 1963). Aooording to the ourrent view (see Mason 2 a&, 

1965; Sate et al - -*s 1965; oraura et al - ,*a 1965), P-450 aots as the terminal 

oomponent of an eleotron-transfer ohain oontaining as the primary enzyme 

an NAIXH-apeoifio flavoprotein with oytoohrome o reduotase aotivity:- 

NADPH+NADPE-speosfio flavoprotein + unkmwn faotor *P-450 (1) 

A similar aleotronohain hasbeenstm'~n to operate in the hydroxylations 

of steroids by adrenal oortex mi.toohondr5.a (Omura et al., 1966). Omura and 

Sato (1964) have desoribed another miurosomal eleotron-transfer ohain whioh 

uses oytoohrome b5, but no physiologioal funofions have yet been assigned to 

this. Finally, O&no et al. (1966) have shosn that the oxidafive -- 
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desaturation of fatty aaids br0ught about by liver microsomes requires a 

0yanide-sensitive faotor. 

In this paper we dead&e experiments on the oo-faotor requirements 

of the 12cdydroxylation of 7a-HC by rat-liver miarosomes. Our expfzimsnts 

show that neitherP-450 mr the cyanide-sensitive faotor of Odin0 et al. 

(1966) is required for this hyaz9xylat%on. 

For each experiment, the livers of 2-3 rats were homogen$zed with 4 ~01. 

of oold 0.25 M su0rose. The supernstant obtained by spinning the 

homgenate at 1.2 x i04 x g. min. was oentrifbged at 1.65 x IO5 x g. n&n. 

and the mhr08o~s were prepared from the supernatant from this spin by 

oentri~ti0n at 6.2 x IO6 x g. min. The mi0r0somal pellet was washed 

three times with oold 0.25 M sucrose and suspended in this medium, 1 ml. 

oontaining the miorosomes from I g. wet liver. The miarosomes were 

oontaminated with mitoobondria to the extent of l-2 $, as estimated from 

the speoifio aotivity of suocin%te-0ytoohrome c reduotase (Green et al., 

1955) in miarosomes and mitoohondria. The inoubati0n mixture, extractions 

and analysis of the extra&s by thin-layer ohromatography were essentially 

those described by Danielsaon andEinarsson (1966). Phenobarbital was 

given intrapsritoneslly (100 mg./kg. body we&M) every other &y for 

five days, and tire rats were killed seven days after the first injection. 

Cytoohromes b5 andIP- were estFmsted essentially by the method of Omura 

andSat (1964). NADPHI-oytoohrome o redwtase aotivity was assayed by 

the method of Phillips and Langdon (1962). The %-7a-HC and markers of 

7a-HC ad 7a,12a-DHC were a generous gift fromDr. Henry Danielsson of 

the Karolinska Institute&, Sto0kholm. 

BBsmrrSANDDISOUSSIoN 

In aonfirmation of previous mrk (Danielsson andEinarason, 1966), 

when %-7adC was in0ubated for 10 min. with rat-liver miuwsomss in 

the piresenoe of NADPH, about 20 $ of the substrate was oonverted into 7a,12a- 
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DHC. NADFrI was neoessery for the hydroxylation and oould not be replaoed 

by NADH or asoorbate (Table 3). Both NADH and asoorbate are effioient 

eleotron donors for the oxidative dasatucatj.on of the C& esters of fatty 

aoids by liver miorosomes although they aannot replace NADFH in the micro- 

sor1~1 hydroxylation of drugs (Oshino & al., 1966). 

A requirement for mlecndar oxygen for the 12~~hydroxylation reaotion 

is shown inTable I. Little or no reaotion was observed whenX2 replaod 

a ndxfure ofN2:02 (y:l, v/v) as the gas phase. CO had no effect on the 

hydroxylation of 7a-HC, even with Co:02 ratios as high as g:l. When the 

standard inaubation mixture was gassed with this gas mixture, 100 $ of the 

microsornal P-450 was shown by speotrophotometria measmement to be in the 

form of the Co uomplex. The microsomal IZa-hydroxylation of 7&E there- 

fore differs fkom hydroxylations involving P-450, sinoe these are inhibited 

by Co (Omura t &., iy65j. 

TABLE I 

Requirement for oxygen and effeat of mbon mnoxide on 
12u-hydrozqylation of Tar-HC by rat-live miamsomss 

G-as mirture 

% of added Ja reaovered 

as 7a,l2u-DiE as 7a-HG 
Relative 
aotivity 

N2cO2 (9: 1, v/v> 31.7 52.2 100.0 

N2 (l(?J)%l 4.5 81.1 14.5 

co:02 @I, v/v) &+I .5 44.1 133.2 

Rrnster ami orrenius (1965) have suggested that p-450 is rate-Ii&t% 

for miorosouF31 hydroxylstions, sinoe drug-hydro2zylat* aativity and the 

P-450 oontent of liver miorosomes inorease in parallel when rats are treated 

with phenobarbital. We have therefore tested ths effeat of phenobarbital 

treatment on the 12a-hydroxylation of 7a-HC. Inoonfirraationofprwi.ous 

vmrk (Orrenius $ &. , 1965), tk liver microsomss of the treated rata 
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showed an imreased oontent of P-450 and oytochrome b5 and an increased 

aotivity of NAlZ?H-a~ohrome o reductase (Table 2). The 12a-hydroxyl&ing 

Effeot of phenobarbital on the liver microsomsl. aativity of i.k-hydmxylase 
and NADPELoyfoohrome o reduotsse, and on the liver miarosomsl content 

of P-450 and cytoohrous b5 

Speoifio act ivit? 

Preparation 

NADFB- 
oytoohmme 

12a4Iydroxylase P-450 b5 0 redwtase 

Control 0.491 

Phenobarbital-treated 0.095 

Control + phenobarbital 
( 10 Ydfla4 0.561 

Cgro;;g~he~bsrbital 
0.550 

Incubation mzixture as in Table 1. 

0.810 0.452 148 

2.260 0.635 247 

X P-450 and b5 oontents me expressed in nylmoles/mg. protein; I&-mxyl- 
as8 activity is expressed in mles of 7ct,12dXiC forPled per 10 min. per 
mg. protein; NADPH-oytoohroms c rsduotase aotivity is expressed in nq.utdes 
of oytoohrome 0 reduoed per min. per w. protein. 

aotivity, however, was depressed. This depression wss mt due to oompeti- 

tive inhibition by phembarbitsl present in the miarosomsl. preparation, 

aime phembsrbitsl added to the inoubstion mixture did not iddbit 12u- 

hydroxylation. 

Table 3 shows the efYect of various other reagents on NADFB-dependent 

12a-hydzwylstion. KCN did not inhibit 12whydmxylation, showing that 

this reaction does not require the oyanide-sensitive factor of Oshino et al. -- 

( 1966). cytoohrome o depressed 12a+ydro@lation to about a third of the 

00ntro1 value. This effeof is to be expeoted sinoe the NAJXB-speoifio 

flavoprdiein possesses cytoohroms 0 reduotase aotivity. In the presenoe 

of oytoohrome 0 oxidase due to mitoohondrial contamination (see FLettds), 

oytoohroms o wdld therefore tend to aause a leak of electrons from W 

and would thus diminish the redwing power available for the hydrorylation 
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The effe& of electron donors and various inhibitors on the 
12a-lgdroxylatim Of 7a-HC by rat-liver miorosomes 

Modlficatimto 
Bfandard inmbation 

$ of added % reoovered 
Relative 

as 7a,l2u-DHC 88 7a-X aot ivity 

Complete system 18.1 71.5 100.0 

No NADPH 1.5 87.5 8.2 

NoNADPH,+NADH(ln&f) 3.2 86.7 17.5 

No NADPH, 
+ asoorbate (10 &) 1.5 87.1 8.2 

Pm (1 n&I) 21.2 66.6 117.1 

cytootmms 0 (0.01 UiK) 6.1 86.6 33.7 

Quuiaaqine (1 IT&I) 12.5 80.7 69.1 

a,a'-Dipyridyl (I nSr> 24.9 66.2 137.6 

o-Phenanthroline (1 d&b) 14.1 75.3 77.9 

Cata~se (1 n&flask) 16;5 72.8 91.2 

Inoubation mixture as inTable 1. 

reaction. 12a-Qdroxyl.ating aotivity was slightly depressed by quinaarine, 

a flamprotein inhibitor (Ryan ad Engel, 1957), but was not oousiatently 

affeotd b the tm ohelating agents, o-phenauthruline ad a,a'-dipyridyl. 

Cafalase hadno eff~fon12a-hydroJEylation,indiostSngthatH202does not 

partioipate in the reaotion. 

These experiments showthatthe 12cdydrox@.ase oonoerned inthe forma- 

tion of oholio aoia reqdres NAIlPH ad 02, in this respeot resenibling th3 

*mired fun&ion" oxidaees oonoernea in the hydraxyl.atSom of drugs ard 

steroida by liver and adrenal oartex. The lack of Wibitory effeot of 

CC and the lack of correlation between niorosomal P-450 ati 12~-hydroqyla- 

ting aotivity iu tlm phenobarbital-treat& rats suggest, however, that 

P-450 is mt the termSmal oxidase iu 12a-&3roxylation. The inhibitory 

effeot of oytoohome o is oousistent with the possibility that, in the 
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12whydroxylation of Ta-HC, the eleotron aooeptor from NADPH is the NADPH- 

specifio flavoprotein (reaotion sequence 1) that prtic.cipates in I&~~OSO& 

drug bgdroxylations and in the oxidative desaturation of fatty aaids. 

We are greatly indebted to Mr. B.R.A. Reeves and l&s. S. Nithtm- 

anthan for teohnical aasistanoe. 
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