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On the use of microsomal marker enzymes to distinguish the outer 
membrane of" rat liver mitochondria from the microsomes 

Several enzymes are generally accepted as marker enzymes for subcellular and 
submitochondrial fractions, such as glucose-6-phosphatase 1 (EC 3.1.3.9) and NADPH-  
cytochrome c reductase z for the microsomes, cytochrome c oxidase z (EC 1.9.3.1 ) for 
the mitochondrial inner membrane, and monoamine oxidase s (EC 1.4.3.4) and rote- 
none-insensitive NADH-cytochrome c reductase 2 for the mitochondrial outer mem- 
brane. 

In a recent publication the use of some microsomal marker enzymes in distin- 
guishing the outer membrane of rat liver mitochondria from the microsomes has been 
questioned 4. In the present paper it is pointed out that specific activities alone are 
not sufficient to draw conclusions about the localization of a microsomal enzyme in 
the mitochondrial outer membrane, except if the specific activity in isolated mito- 
chondrial outer membranes is significantly higher than in isolated microsomes. Ir~ the 
case of glucose-6-phosphatase and NADPH-cytochrome c reductase a severat~fold 
increase in the specific activities has been reported in mitochondrial outer membranes, 
when compared to whole mitochondria3, 4. However, tlm:speeific activities always 
remain far below the observed values for isolated mi'crosomes. In this case we want 
to stress that the pattern of distribution of the total activity over the submitochon- 
drial fractions, after separation of the mitochondria into outer and inner membranes; 
gives a more accurate picture of the localization Of these enzymes than do the observed 
specific activities in the subfractions. 

Fig. I shows a representative experiment from a series of 3 experiments. 
Glucose-6-phosphatase and NADPH-cytochrome c reductase are distributed in a dif- 
ferent way over microsomal subfractions, isolated by centrifugation of a 27 ooo × g=u 

(io rain) supernatant of a rat liver homogenate in a continuous sucrose density 
gradient. 

Mitochondria are not present in the 27ooo x g supernatant used, so that the 
relatively high activity of glucose-6-phosphatase in Fractions 3-5 must be derived 
from microsomal membranes. These membranes have about the same density as mito- 
chondria, when centrifuged in the same way (compare ref. 5). This explains the results 
shown in Table I, where the specific activities of glucose-6-phosphatase and NADPH-  
cytochrome c reductase in microsomes (P) and heavy mitochondria (M) are compared. 
Since the enzymes are not homogeneously distributed over  the rnierosomal..mem- 
branes, the ratio of the specific activities of microsomes to mitochondria (P/M) is not 
the same. We then tend to conclude that the microsomal contamination of washed 
mitochondria is due to the presence of "heavy" microsomes, contributing relatively 
much glucose-6-phosphatase activity. 
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Fig. i.  The distribution of glucose-6-phosphatase and NADPH-cytochrome e reductase in fractions 
from ra t  liver microsomes, isolated by  continuous sucrose density gradient centrifugation. A 2o % 
ra t  liver homogenate, in o.25 M sucrose-o.oI  M Tris-HC1 (pH 7.4), was centrifuged for io min 
at  27ooo × gmax. IO ml of the  27ooo × g supernatant  were brought  on the gradient. For enzyme 
assays see the legend to Table I. The percentage of the total  activity in Fractions 1-9 is plotted 
against the iraction No. For further details of gradient fractionation see ref. 5. The recovery of 
the  enzyme activities in the gradient fractions was 81% for glucose-6-phosphatase and 1oi % 
for NADPH--cytochrome e reductase. The specific activities of the enzymes in isolated microsomes 
axe given in Table I. 

TABLE I 

SPECIFIC ACTIVITIES OF GLUCOSE-6-PHOSPHATASE AND NADPH-cYTOCHROME C REDUCTASE IN 
MICROSOMES (P) AND HEAVY MITOCHONDRIA (M) ISOLATED FROM RAT LIVER 

The subcellulax fractions were prepared by differential centrifugation of a ra t  liver homogenate 
as described by DE J O~G AND HOLSMANN ?. NADPH-cytochrome c reductase was measured spectro- 

.-photometrically according to SOTTOCASA et al3. Rotenone (1. 5/~M) was present and the  reaction 
was ' s ta r ted  by the  addit ion of cytochrome e. Glucose-6-phosphatase was measured as described 
by  BEAUFAY et al. 1. Enzyme activities were measured a t  37 °. The means and the s tandard error 
of the  means of the enzyme activities are given as /~moles of substrate  metabolized per mg of 
protein per h. 

Enzyme Number of P M P / M  
experiments 

Glucose-6-phosphatase 4 13.2 4- 3.3 1.4o + o.I7 9.4 

NADPH-cytochrome c reductase 4 11.2 4- i .o 0.52 4- o.io 21.6 

BRUNNER AND BYGRAVE 4 c o n c l u d e  f r o m  t h e i r  e x p e r i m e n t s  w i t h  m i t o c h o n d r i a  

w a s h e d  s e v e r a l  t i m e s  t h a t  g l u c o s e - 6 - p h o s p h a t a s e  a n d  N A D P H - c y t o c h r o m e  c re-  

d u c t a s e  a re  l oca l i z ed  n o t  o n l y  in  m i c r o s o m e s  b u t  a lso i n  t h e  m i t o c h o n d r i a l  o u t e r  m e m -  

b r a n e .  I n  o r d e r  t o  i n v e s t i g a t e  t h i s  f u r t h e r ,  we  d e t e r m i n e d  t h e  d i s t r i b u t i o n  of t h e s e  

e n z y m e s  o v e r  i n n e r  a n d  o u t e r  m i t o c h o n d r i a l  m e m b r a n e s .  I n  Fig .  2 a r e p r e s e n t a t i v e  

e x p e r i m e n t  o u t  of a ser ies  of 5 is s h o w n .  As  m a r k e r  e n z y m e s  for  t h e  i n n e r  a n d  o u t e r  

m e m b r a n e s ,  c y t o c h r o m e  c o x i d a s e  a n d  r o t e n o n e - i n s e n s i t i v e  N A D H - c y t o c b x o m e  c re-  

d u c t a s e  a re  used ,  r e s p e c t i v e l y .  G l u t a m a t e  d e h y d r o g e n a s e  (EC 1.4.1.2) is u s e d  as  a 

m a r k e r  for  t h e  so lub le  m i t o c h o n d r i a l  m a t r i # .  T h e  m i t o c h o n d r i a  a re  s u b f r a c t i o n a t e d  

b y  a m o d i f i c a t i o n  5 of t h e  m e t h o d  of PARSONS et al. 9. T h e  e n z y m e s  g lucose -6 -phos -  

p h a t a s e  a n d  N A D P H - c y t o c h r o m e  c r e d u c t a s e  h a v e  a d i s t r i b u t i o n  t o t a l l y  d i f f e r en t  
f r o m  t h e  o u t e r  m e m b r a n e  m a r k e r  a n d  t h e  i n n e r  m e m b r a n e  m a t r i x  m a r k e r s .  T h i s  
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indicates very strongly that  these enzymes (which are both firmly membrane-bound) 
are not localized in any mitochondrial membrane, but  in the microsomes. The different 
distribution of these microsomal enzymes over the submitochondrial fractions from 
the gradient can be explained by the observed heterogeneous distribution over the 
microsomal subfractions as shown in Fig. I. In Fig. 2 also, relatively more glucose- 
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Fig.  2. The d i s t r i bu t i on  of  glucose-6-phosphatase, N A D P H - c y t o c h r o m e  c reductase and some 
m a r k e r  e n z y m e s  in submi tochondr i a l  f ract ions ,  isolated f rom twice-washed  r a t  l iver mi tochondr ia .  
T h e  m i t o c h o n d r i a  were sub f r ac t i ona t ed  as descr ibed before 5, w i th  a m ino r  modif ica t ion:  i n s t ead  
of 9 f rac t ions  of 3 ml ,  4 f rac t ions  of 6 m l  were collected. For  t he  e s t ima t ion  of g lucose -6-phospha tase  
and  N A D P H - c y t o c h r o m e  c reduc tase ,  see t he  references g iven  in t h e  legend to Table  I. Ro tenone -  
insens i t ive  N A D H - c y t o c h r o m e  c r educ t a se  and  cy toch rome  c oxidase  were m e a s u r e d  according 
to  SOTTOCASA et al. 2 and  g l u t a m a t e  dehydrogenase  according to  BEAUFAY et al., as modif ied b y  
SCHOLTE s. Mi tochondr ia  and  submi tochondr i a l  f rac t ions  were t r ea t ed  wi th  u l t rason ic  v ib ra t ion  
before i ncuba t ion  (Branson  S-75 sonifier; I m i n  a t  2o kHz).  The  pe rcen tage  of t h e  to t a l  a c t i v i t y  
in F rac t i ons  i -  4 is p lo t t ed  aga ins t  t he  f rac t ion  No. T he  recovery  of t he  ac t iv i t ies  of t h e  different  
e n z y m e s  in t h e  g rad ien t  f rac t ions  var ied  be tween  85 and  I io  %. The  specific ac t iv i t ies  of glucose- 
6 -phospha t a se  and  N A D P H - c y t o c h r o m e  c r educ tase  in isolated mi tochond r i a  are g iven  in Table  I.  
The  ac t iv i t ies  of t h e  m a r k e r  e n z y m e s  in son ica ted  mi tochondr i a  were 18. 5, 112 and  13. 3 ~umoles]mg 
p ro te in  per  h for ro tenone- insens i t ive  N A D H - c y t o c h r o m e  c reduc tase ,  cy toch rome  c oxidase  and  
g l u t a m a t e  dehydrogenase ,  respect ively .  All e n z y m e  ac t iv i t ies  were m e a s u r e d  a t  37 °. 
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6-phosphatase is found in  the gradient  at a site of higher densi ty  as compared with 
NADPH-cy tochrome  c reductase. 

The heterogeneous dis t r ibut ion of microsomal marker  enzymes over microsomal 
subfractions as presented here is in agreement with the da ta  reported by  DALLNER 
et al.l°, n and  by  "rATA 1~. 

I t  is concluded tha t  glucose-6-phosphatase and  NADPH-cy toch rome  c re- 
ductase are no t  endogenous const i tuents  of mitochondrial  outer  membranes  and  can 
therefore be used as marker  enzymes for microsomes. 

The author  wishes to t hank  Professor W. C. Hfi lsmann for helpful discussions, 
Mrs. A. C. Sies-van Waas for expert  technical assistance and  Messrs. W. P. F. Fe t te r  
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