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Abstract 

Microsomes were ob ta ined  f r o m  the zona  g lomerulosa  of the  bovine 
adrenal  cor tex.  C o n t a m i n a t i o n  o f  mic rosomes  with o ther  cellular 
organelles was e x a m i n e d  us ing  var ious  marke r  e n z y m e s  and  the  e lec t ron  
microscope.  Dis t r ibu t ion  of  c y t o c h r o m e  P-450 in the  zona  g lomeru losa  
was s tud ied  us ing  various f rac t ions  inc luding  mic rosomes ,  descr ibed 
above, and  mi tochondr ia .  The  a m o u n t  o f  c y t o c h r o m e  P-450 in 
m i tochond r i a  and  in mic rosomes  was de t e rmined  to be 0.73 and  
0.32 n m o l / m g  prote in ,  respectively.  The  CO dif ference s p e c t r u m  was 
af fec ted  no t  on ly  by  the  concen t r a t i on  o f  added  deoxycho la t e  b u t  also 
by the  i ncuba t ion  t ime af ter  addi t ion.  Approx ima te ly  4 0 - 5 0 %  of  
c y t o c h r o m e  P-450 in the  samples  was conver ted  to c y t o c h r o m e  P-420 
wi th in  2 0 - 3 0  sec o f  i ncuba t ion  wi th  deoxycho la te .  

The  c o n t e n t  of  KNA,  phosphol ip ids ,  and  c y t o c h r o m e  b s in 
mic rosomes  ob ta ined  f rom the zona  g lomeru losa  is also evaluated in 
compar i son  to tha t  in mic rosomes  ob ta ined  f rom the  zona  fasciculo- 
re ticularis. 
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of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form 
or by any means, electronic, mechanical, photocopying, microfilming, recording, or otherwise, 
without written permission of the publisher. 



5 6  T. WAKABAYASHI, C. KURONO, M. ASANO, H. KIMURA, AND T. OZAWA 

Introduction 

Steroidogenesis in the adrenal cortex has been studied extensively by 
many workers. Mitochondria of adrenocortical tissue possess an electron 
transport system, distinct from the classical respiratory chain, that is 
concerned with the steroid hydroxylat ion reaction [1-6]  most notably 
the 11/3-hydroxylation of deoxycorticosterone [7-8] .  Furthermore, 
cytochrome P-450 has been shown to be present in adrenal cortex 
mitochondria [1, 8] and has been implicated in the l l /3hydroxylation 
reaction [9-12] as well as in the conversion of cholesterol to 
pregnenolone [3, 13]. Adrenal cortex microsomes also possess cyto- 
chrome P-450 which is concerned with 21-hydroxylation [ 14]. All these 
data described above, however, are restricted to the whole cortex or to 
the zona fasciculata (+ the zona reticularis). Up to now, there are no 
available data except one [ 15] concerning the zona glomerulosa, dealing 
with the mixed function oxidase systems for the hydroxylation of 
steroids at the level of subcellular fractions. 

Ichikawa et al. [15] have reported the concentration of hemoprotein 
P-450 in the different zones of the adrenal cortex (including the zona 
glomerulosa) using mitochondria or microsomes isolated from the cow or 
pig. However, they started with frozen materials and contamination of 
mitochondria or microsomes of the zona glomerulosa with those of the 
zona fasciculata has not  been examined in their report. 

Previously we have reported the isolation procedures for mitochondria 
from the zona glomerulosa using the bovine adrenal cortex [16] and we 
have also examined the purity of mitochondria using several marker 
enzymes [ 17]. 

Thus, the purpose of the present communication is to study the 
distribution of  cytochrome P-450 in subcellular fractions obtained from 
the zona glomerulosa of the adrenal cortex as the first step in the 
exploration of steroidogenesis in the above-described zone. 

Experimental Procedures 

Preparation of  Adrenal Cortex Mitochondria and Microsomes from the 
Zona Glomerulosa 

Figure 1 is a flow diagram illustrating the fractionation procedure 
described below. Fresh bovine adrenals were obtained at a local slaughter 
house, chilled in ice immediately, and brought to the laboratory within 
1-1.5 hr of the death of the animal. The zona glomerulosa was scraped 
and collected according to the method reported previously [ 16, 17]. The 
isolation medium employed in the present study contained 0.25 M 
sucrose, 10mM Tris-Cl, pH 7.4, and 0 .1mM EDTA. The zona 
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fasciculoret icular is  was also col lected.  Af te r  obta in ing  a crude mito-  
chondr ia l  f rac t ion  (R2),  the  superna tan t  f luid (Sz) was first cent r i fuged 
at 1 2 , 0 0 0 g  for  10 min.  The superna tan t  f luid thus ob ta ined  ($3) was 
then cent r i fuged  for  1 2 0 r a i n  at 1 0 5 , 0 0 0 g  in a Spinco mode l  L 
ul t racent r i fuge  to  ob ta in  the  microsomal  fract ion.  The yie ld  of  the 
microsomal  f rac t ion  to  the  zone g lomerulosa  is shown in Table I, The 

TABLE I. Yield of  the microsomal fraction obtained f rom 
the zona glomerulosa a 

Zona glamerulosa Zona fasciculo reticularis 

R4/one gland (rag) 16.26 + 2.42 61.38 + 8.04 
R 4/scraped tissues (%) 1.55 + 0.17 1.18 + 0.09 
R4/h0mogenates (%) 6.41 + 1.29 6.80 + 1.23 

a Data are average of 10 different experiments (mean -+ SD) Each experiment 
consisted of 15-20 adrenal glands. 

whole  p rocedure  was carr ied ou t  at  4 ~ The mi tochondr i a l  and the 
microsomal  f ract ions  f rom the zona  fascicul0ret icular is  were ob ta ined  
with the same f rac t iona t ion  p rocedures  as were used for  the  f ract ions 
from the zona  glomerulosa .  Pur i ty  of  the  f ract ions  was evaluated b y  
enzymic  tests using various reference enzymes  [ 17] and  also by  e lec t ron  
microscopy .  Subf rac t ions  were also ob ta ined  f rom the mouse  liver by  the 
same m e t h o d  as descr ibed  for  the  zona  glomerulosa.  

Analytical Procedures 

The absolu te  and di f ference  absorp t ion  spect ra  of  various subcel lular  
fract ions were measured  with  a Shimazu  mul t ipu rpose  recording  
s p e c t r o p h o t o m e t e r  mode l  MPS-50L. The con ten t s  o f  c y t o c h r o m e  P-450 
and P-420 were de t e rmined  f rom the CO di f ference  spec t rum of  
d i th ion i t e - reduced  samples,  assuming a value of  91 mM -I  cm -~ for  the  
molar  ex t inc t i on  inc remen t  be tween  450 and 490 n m  for P-450, and  a 
value o f  l l 0 m M  -1 cm -1 be tween  420 and 4 9 0 n m  for P-420 [18] .  
Cy toch rome  b s was de t e rmined  f rom the d i f ference  spec t rum be tween  
NADH-reduced  and a i r -sa tura ted  microsomal  fract ions.  The inc remen t  o f  
molar  ex t i nc t i on  be tween  409 and 429 n m  in the  d i f ference  spec t rum 
was assumed to be  1 8 5 m M  -1 cm - l  [18] .  The  c on t a mina t i on  o f  
hemog lob in  was tes ted  s p e c t r o p h o t o m e t r i c a l l y  in the  presence and 
absence o f  CO in the  test  tube.  

Content of RNA 

The mic rosomal  f rac t ion ob ta ined  f rom the  zona  g lomeru losa  was 
f r ac t iona ted  b y  the  S m i t h - T h a n h a u s e r - S c h n e i d e r  m e t h o d  [19] as 
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modified by Mizuno and Whiteley [20]. Each fraction was assayed for 
RNA (absorbancy at 260 nm after 18 hr of hydrolysis in 0.3 N KOH at 
37~ 

Estimation of Phospholipids 

Content of phospholipids in a microsomal fraction was determined by 
the method of Hoeflmayr et al. [21] as modified by Kushiro and Fukui 
[22]. Inorganic phosphate released was measured according to the 
method of Fiske and Subbarow [23].  

Protein was determined by the biuret method of Gornall et al. [24] 
using bovine serum albumin as standard. Increase in absorption in the 
biuret reaction due to heme in the test samples was avoided by using the 
reference containing the hemoprotein in 4% NAOH [ 15]. 

Electron Microscopy 

Procedures for electron microscopy are described in full in the previous 
communication [16].  A 1% solution of phosphotungstic acid or 2% 
solution of ammonium molybdate (adjusted to pH 7.4) was used for 
negative staining [ 17]. 

Results 

Purity of the Microsomal Fraction Obtained from the Zona Glomerulosa 

The purity of the microsomal fraction obtained from the zona 
glomerulosa was examined using several marker enzymes (Table II). In 
the present study the supernatant $2 fraction was first centrifuged for 
10 rain at 12,000 g as described in the previous section. The microsomal 
fraction was then prepared from the supernatant fraction ($3) thus 
obtained. 

As shown in Table II, the R3 fraction obtained from the zona 
glomerulosa is significantly contaminated with mitochondria as measured 
by cytochrome oxidase activity, compared with the R3 fraction of the 
liver. Thus, it seems essential to use the Sa fraction for the preparation 
of a microsomal fraction in the case of the zona glomerulosa of the 
adrenal cortex (electron micrograph of the R 3 fraction is presented 
later). Both glucose-6-phosphatase and catalase activities in the R4 
fraction of the zona glomerulosa are extremely low compared with those 
in the liver. Moreover, nearly 50% of the total glucose-6-phosphatase 
activity was recovered in the $4 fraction, and more than 60% of the total 
catalase activity was recovered in that fraction. 
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Spectral Studies of  Cytochrome P-450 in the Zona Glomerulosa 

Spectral studies of reduced and oxidized cytochrome P-450 in the 
adrenal cortex have been reported by several workers. In the present 
study an attempt has been made to estimate the amount of cytochrome 
P-450 in various fractions obtained from the zona glomerulosa. In Fig. 2 
a CO difference spectrum of the mitochondrial fraction (three times 
washed, G-R2'") is recorded in comparison with that of the mito- 
chondrial fraction obtained from the zona fasciculoreticularis (F-R2"'). 
No significant contamination with hemoglobin was detected in the 
mitochondrial fraction isolated either from the zona glomerulosa or from 
the zona fasciculoreticularis. 

c l  

<1 

0,2 

O,l 

A 
t ~  
/ I 

J ;i 

A - -  G-P~(red:C0-rea) 
B . . . .  F-R~'(~:c0-wd) 

40O 450 500 
'Wave leneth (m#.) 

Figure 2. Carbon monoxide difference spectrum of adrenal cortex mi tochondr ia  
isolated f rom the zona glomerulosa. Mitochondria of  the zona glomerulosa (G-R2 'H) 
were diluted to 6 ml with a 0.1 M Tris-Cl buffer,  pH 8.0, and divided equally into 
two cuvettes. After recording a baseline, the sample cuvette was gassed with CO for 
1 rain. The sample and reference cuvettes were then reduced with a small amoun t  of 
dithionite and .the difference between CO-reduced and reduced was recorded. Curve 
B corresponds to curve A except that  mi tochondr ia  were obtained f rom the zona 
fasciculoreticularis. 

Contamination of mitochondria isolated from the zona glomerulosa 
with those isolated from the zona fasciculoreticularis has been eliminated 
[16]. We have also examined the purity of mitochondria of the zona 
glomerulosa using several marker enzymes [17].  Thus, the effect of 
washing on the content of mitochondrial cytochrome P-450 was 
examined in the present study. As is seen in Table III, the amount of 
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cy toch rome  P-450 in washed mi tochondr i a  (G-R z ' ,  G-R~" ,  and G - R 2 ' "  ) 
is considerably higher than that  in a crude mi tochondr ia l  f ract ion 
(G-Rz). The amoun t  o f  c y t o c h r o m e  P-450 is essentially the same among 
fractions of  washed mi tochondr ia .  On the o ther  hand, the amoun t  of  
cy toch rome  P-450 remained essentially the same before  and after  
washing of  mi tochondr ia l  fractions obta ined f rom the zona  fasciculo- 
reticularis. 

TABLE III. Effect of washing on the contents of 
cytochrome p-450 in mitochondria isolated from the zona 

glomerulosa a 

Fraction Ex. 1 Ex.2 Ex.3 Mean 

(nmol/mg protein) 

G-R 2 0.17 0.12 0.17 0.15 
G-R; 0.38 0.37 0.37 0.37 

' G-R~ 0.39 0.35 0.33 0.36 
G-R~" 0.35 0.31 0.33 0.33 
F-R2 0.30 0.37 0.23 0.30 
F-R~ 0.32 0.42 0.53 0.42 
F-R2 0.35 0.41 0.39 0.38 
F-R~' 0.42 0.40 0.37 0.40 

a A crude mitochondrial fraction obtained from the zona 
glomerulosa (G-R2, see Fig. 1 for explanation) was diluted to 
6 ml with a 0.1 M Tris-C1 buffer, pH 8.0, and clarified with 
deoxycholate at a final concentration of 0.15%. The sample 
was divided equally into two cuvettes, After recording a base 
line the content of cytochrome P450 was measured as 

. . . .  t 

described In Ftg. 2. The content of cytochrome P-450 m R~ 
~ t  . r t P  

(washed once), R 2 (washed two times), and R2 (washed 
three times) was measured in the same way. 

In the course of  the present  s tudy it was found  that  the con ten t  of  
cy toch rome  P-450 in a mi tochondr ia l  f ract ion was markedly  af fec ted  by 
t rea tment  with deoxycho la t e ;  levels were affected by bo th  concen t ra t ion  
and dura t ion  of  exposure  to deoxychola te .  

The CO difference spectra of  deoxycho la te - t rea ted  mi tochondr i a  of  
the zona  g lomerulosa  are shown in Fig. 3. In this exper iment ,  a sample 
(G-R2 '" )  was di luted w i t h  the buffer  and divided equally into two 
cuvettes.  Af te r  the addi t ion of  carbon m o n o x i d e  to one cuvet te ,  bo th  
cuvettes were reduced with a small a m o u n t  o f  di thioni te .  Deoxycho la t e  
was added bo th  to the sample and the reference cuvettes at the same 
time, and the dif ference spec t rum was recorded.  As is seen in the figure, 
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Figure 3. Effect of deoxycholate on carbon monoxide difference spectrum of the 
adrenal cortex mitochondria isolated from the zona glomerulosa. The sample 
(G-R2'") was diluted to 6 ml with a 0.1 M Tris-C1 pH 8.0, and the sample was divided 
equally into two cuvettes. Carbon monoxide was added to the sample cuvette, and 
both the sample and the reference cuvettes were reduced with a small amount of 
dithionite. Deoxycholate was added to both cuvettes at a final concentration of 
0.15%. The final concentration of protein was 2.4 mg/ml. 

after incuba t ion  of the sample with deoxycholate  for 20 sec, format ion 
of P-420 in parallel with disappearance of P-450 is seen already (see 
curve B). After  20 rain, the a m o u n t  of P-450 decreased to less than a half 
of the original. This p h e n o m e n o n  is comparable with that  in liver 
microsomes discovered by  Omura  and Sato [18] .  

The CO difference spectra of the microsomal  fractions obta ined from 
the zona glomerulosa and from the zona fasciculoreticularis are shown in 
Fig. 4. The difference spectrum shows absorpt ion maxima at 450 and 
415 nm. The la t ter  absorpt ion  m a x i m u m  was found  to be mainly due to 
con tamina t ion  with hemoglobin  and to a minor  extent  due to 
cy tochrome bs. 

Contents  of cy tochrome P-450 in various fractions of the zona 
glomerulosa are summarized in Table IV obta ined  from CO difference 
spectra using turbid  suspensions wi thou t  deoxycholate  t reatment .  As is 
shown in the table, the con ten t  of cy tochrome P-450 in the 
mi tochondr ia l  f ract ion (G-R2'")  is abou t  twice as much as that  obta ined 
with deoxychola te  t r ea tment  (cf. Table III and Fig. 3). 

Contents  of cy tochrome P-450 and cy tochrome bs in mi tochondr ia l  
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Figure 4. Carbon monoxide difference spectrum of adrenal cortex microsomes 
isolated from the zona glomerulosa. Experiments were carried out as described in the 
legend of Fig. 2. The final concentration of protein was 1.5 mg/ml, 

TABLE IV. Distribution of cytochrome P-450 in the zona 
gtomerulosa of the adrenal cortex a 

Fractions P-450 
(nmol/mg protein) 

Homogenates 0.14 
Crude mitochondria, R 2 0.38 
Washed mitochondria, R 2 0.73 
Microsomes, 

R 3 0.46 
R4 0.32 
$1 0.29 
$2 0.13 
Sa 0.04 
$4 not detectable 

a The values were the averages of three different experiments 
obtained from CO difference spectra of dithionite-reduced 
samples. 

and  m i c r o s o m a l  f r a c t i o n s  f r o m  t h e  z o n a  g l o m e r u l o s a  a n d  the  z o n a  
f a sc i cu lo re t i cu la r i s  are  s u m m a r i z e d  in Tab le  V. N o  d i s t i n c t  d i f f e r e n c e  in 
c y t o c h r o m e  c o n t e n t  was o b t a i n e d  b e t w e e n  t h e  t w o  z o n e s  spec i f i ed  

above .  
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Electron Microscopy 

It has been shown in the previous section that a crude mitochondrial 
fraction obtained from the zona glomerulosa (G-R/) has a lower amount 
of cytochrome P-450 than that of the washed mitochondrial fraction 
(G-R2'"). When a crude mitochondrial fraction was examined in the 
electron microscope, it was found to be contaminated with microsomes 
(Fig. 5A). The contaminants might have resulted in the apparently lower 
value of cytochrome P-450 in this fraction than that in the washed 
mitochondrial fraction. After washing the fraction, clean mitochondria 
were obtained (Fig. 5B). The supernatant $2 fraction (Fig. 5C), which 
had been obtained after centrifugation of the Sl fraction, was composed 
of microsomes, fragments of membranes (possibly the inner mito- 
chondrial membranes), and small, apparently intact mitochondria. The 
R~ fraction was obtained after centrifugation of the $2 fraction at 
12,000g for 10rain (Fig. 5D). This fraction showed fragments of 
membrane (possibly the inner mitochondrial membrane, since sizes of 
these fragments are larger than those of microsomes), and small 
mitochondria and microsomes. Thus, the supernatant $2 fraction cannot 
be used as a starting material for the preparation of a microsomal 
fraction in the case of the zona glomerulosa. 

The microsomal fraction obtained from the zona glomerulosa is shown 
in Fig. 6. No contamination of mitochondria or of mitochondrial 
fragments is detected morphologically. 

Discussion 

In the present study distribution of cytochrome P-450 in the zona 
glomerulosa of the bovine adrenal cortex has been studied. To evaluate 
steroidogenesis in the zona glomerulosa of the adrenal cortex, it is 
essential to investigate the distribution of cytochrome P-450, an 
important component  of the mixed function oxidase systems for the 
hydroxylation of steroids [9, 14, 25-28] .  

It is well established that mitochondria of the zona fasciculoreticularis 
contain cytochrome P-450 and that they have vesicular cristae, when 
revealed in the electron microscope, which are characteristic of 
mitochondria in steroid-producing organs [29-31] .  On the other hand, 
mitochondria in the zona glomerulosa have tubular or tubulovesicular 
cristae in situ rather than vesicular cristae. It has also been reported that 
mitochondria in the zona glomerulosa do not undergo configurational 
changes, regardless of experimental conditions such as ACTH adminis- 
tration or unilateral adrenectomy or hypophysectomy [32, 33],  when 
examined in the electron microscope. 

In the present study it has been shown that mitochondria in the zona 
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glomerulosa have cytochrome P-450, and thus they might be concerned 
with steroidogenesis. The data on this point will be published in a 
separate paper. 

Ichikawa et al. have measured the amount of cytochrome P-450 in 
mitochondria or microsomes isolated from the zona glomerulosa using 
frozen ox or pig adrenal cortex [15].  They scraped the cortical tissues 
from the capsule, and then the cortical tissues were cut into thin slices at 
- 2 0  ~ C. The zona glomerulosa was obtained from the outer portion of 
the slices using a binocular microscope. When we tested their procedures, 
it was found that the zona glomerulosa of the bovine or pig adrenal 
cortex was rather well demarcated from the adjacent zona fasciculata 
when examined in the light microscope. However, contamination of the 
zona glomerulosa with the zona fasciculata was apparent when examined 
in the electron microscope. Thus, in the present study, we have obtained 
the test sample of the zona glomerulosa from the capsule, leaving the 
inner portion of the zona glomerulosa attached to the zona fasciculata to 
avoid contamination. The homogeneity of the mitochondrial fraction 
isolated "from the zona glomerulosa or the zona fasciculoreticularis has 
been reported in the first communication of this series [17] and has also 
been confirmed in the present study. 

Thus, we believe that the present study is the first to report the 
distribution of cytochrome P-450 in the zona glomerulosa of the adrenal 
cortex using uncontaminated materials, although "the zona glomerulosa" 
used in the present study does not include the whole width of the zone. 

It has been reported by Omura and Sato that cytochrome P-450, upon 
exposure to various agents, is converted to a complex absorbing at 
4 2 0 n m  [18].  The present study also confirms their finding that 
cytochrome P-450 is strongly affected by the addition of deoxycholate. 

Finally it should be stressed again that catalase activity is extremely 
low in the zona glomerulosa. Kimberg et al. have reported that 
microbodies in the liver decrease in number when the animal is treated 
with cortisone [34].  Considering the fact that both the zona glomerulosa 
and the zona fasciculoreficularis produce steroid hormones, the data 
presented in this study seem to be meaningful, and we are now studying 
the role of microbodies in the zona glomerulosa. 
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