
E F F E C T  OF S O D I U M  D E S O X Y C H O L A T E  A N D  T R Y P S I N  

ON THE M I T O C H O N D R I A  OF T HE  GRAY A N D  W H I T E  

S U B S T A N C E  OF SOME S T R U C T U R E S  OF THE RABBIT  BRAIN 

(UDC 612.822.014.21-08) 

G.  P. G u l i d o v a  

Biohistochemistry Laboratory, Institute of the Brain, USSR Academy of Medical 
Sciences, Moscow 
(Presented by Academician S. E. Severin) 
Translated from Byulleten' ~ksperimental 'noi Biologii i Meditsiny, Vol, 59, No. 4, 
pp. 42-45, April, 1965 
Original article submitted October 5, 1963 

The attention of investigators has recently turned to the study of the structure and properties of the mitochon- 
drial membrane. This structure, which is semipermeable, is very important in the regulation of the exchange of 
material between the cytoplasm and the mitochondria. In the mitochondrial membrane are concentrated the basic 
oxidative enzymes. During the process of oxidative phosphorylation the high energy compound ATP is synthesized, 
that basic energy source for cell activity.  

According to electron microscopic data, the mitochondria of nerve tissue possess a double external membrane 
and a number of internal membranes, or cristae, between which the matrix-substance, with a consistency similar 
to cytoplasm, is located [22]. 

The majority of investigators suggest that the external mitochondrial membrane consists of two dense protein 
layers separated by ~" less dense bimolecular lipid layer [20, 8, 19, 17, 18, 23]. 

However, observations made with the high resolving power of the electron microscope permit revelation of a 
more complex structure of the mitochondrial membrane [6, 13, 18, 24]. There are indications that mitochondria of 
different origins possess certain differences in membrane structure [6, 9, 16, 15]. 

It is known that different brain structures have different levels of oxidative activity [4, a, q, 11, 12]. It may 
be suggested that these peculiarities in certain degree are conditioned by the peculiarities of mitochondrial mem-  
brane structure and properties. 

One method for studying the properties of the mitochondrial membrane is the selective disruption of its com- 
ponents (proteins and lipids). In this way the permeability of the envelope, and thus the volume of the mitochondria, 
is altered. The degree and kinetics of the swelling (or shrinking) of the mitochondria may,  evidently, characterize 
the nature of the protein-lipid composition of the membrane of these organelles [9, 16, 15]. 

The present work was devoted to a comparative study of the dynamics of swollen mitochondria from different 
rabbit brain structures as affected by trypsin and sodium desoxycholate to obtain data which characterize the pecu- 
liarities of the protein and lipid components of these mitochondrial membranes. 

M E T H O D S  

We studied mitochondria isolated from the cerebral cortex, the grey matter from certain brainstem structures 
(the nucleus of the optic tubercle, the lateral and medial  geniculate bodies, the corpora quadrigemina), the white 
matter which lines the cerebral cortex (cerebral white substance) and the white matter of the rabbit spinal cord. The 
brains of 17 animals were used. 

Mitochondria were isolated according to the method of Fonyo and Somogyi [12]. Cooled brain tissue was 
homogenized in four volumes of 0.25 M sucrose in 0.01 M Tris buffer, pH 7.4 at zero deg. The homogenate (10%) 
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was fi l tered through two layers of cheesecloth and was centr ifuged for ten minutes in aTsLP-1 at  1000 rpm. The 
supernatant was centrifuged for 15 min at 11,300 rpm. The top, fr iable layer  of the prec ip i ta te  was careful ly  washed 
off. The dense part of the prec ip i ta te  was resuspended in the isolation medium and was centrifuged for ten min at 
13,600 rpm. The mitochondrial  prec ip i ta te  obtained was subjected to further study. 

The degree of purity of the mitochondriat  suspension was control led by phase contrast microscopy and staining 
with acid  fuchsin by the method of Al tman [21]. Mitochondria in the suspensions being studied were counted under 
phase contrast in a Goryaev chamber.  

Change in mitochondria l  volume was measured on anSF-4  spectrophotometer  at 520 mi l l imicrons ,  t = 22-23 ~ 
according to the method of Cleland [10],which permits recording of the degree and kinetics of the volume change in 
the mitochondria by the changes in opt ical  density of the suspension. The mitochondria  were incubated in 0.25 M 
sucrose in 0.02 M Tris buffer at pH 7.4. The final volume of the suspension was 3.2 ml ,  Esz 0 = 0.350-0.360. Change 
in opt ical  density was recorded each 3-5 min for 35 rain. The results were expressed in per cent,  taking the ab-  
sorption at 10-80 seconds after the mitochondria were mixed with the incubation medium as 100. 

Trypsin was used in a concentration of one m g / m l ,  sodium desoxycholate at 2.5 X 10"3 M. The degree of 
mitochondria l  swelling in the presence of trypsin or desoxycholate was equal to the difference between the values of 
control absorption (spontaneous swelling) and the absorption of the mi tochondr ia l  suspension after 30 min of incuba-  

tion with the reagents.  The protein content of the mitochondria was measured according to the method o f  Lowry 
[14] with Folin 's  reagent  [3]. 

R E S U L T S  

In 3.2 ml of the suspension of cor t ica l  mitochondri 'a which we studied (Es20 = 350-360) there was 0.32 mg of 
protein.  In the same volume of mitochondrial  suspension from the white mat ter  the protein content was considerably 
lower (0.17 mg). Samples of cor t ica l  mitochondria contained approx ima te ly  1.4 t imes more organelles than samples 
from the white mat ter .  Each mitochondria from the cortex contained an average of 0.32 picograms (10 "12 g) of 
protein,  and mitochondria from the white mat ter  contained 0 s  p icograms.  

tn the figure are presented data concerning the mi tochondr ia l  swelling in mitochondria from the a b o v e - m e n -  
t ioned structures of  the rabbit brain.  The curves are constructed from the mean values (from 5-8 experiments) .  It 
follows from analysis of the curves that spontaneous swelling of the mitochondria from al l  the brain structures studied 
was of very minor degree and was of s imilar  magnitude (4-6%). 
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In the presence of sodium desoxycholate and of trypsin the mitochondria exhibi ted different degrees of swel- 
l ing.  The greatest degree of swelling after the act ion of both substances was shown by mitoehondria from the cerebral  
hemisphere,  the least by mitochondria from the cerebral  white matter  and spinal cord white mat ter .  

For mitochondria from the cortex,  brainstem, white mat ter  of the cerebrum and spinal cord the degree of 
swelling after appl ica t ion  of trypsin was respect ively,  9.3, 6.7, 2.3, 0.8%; after appl ica t ion  of sodium desoxycho la t e -  
38, 25.4, ~.2, 4.8%. 

Mitochondria from the white mat ter  were prac t ica l ly  resistant to the act ion of trypsin and swelled only to a 
very small  degree as the result of sodium desoxycholate.  After 30 min of incubation the degree of swelling of these 
mitochondria was almost the same as that of mitochondria from the spinal cord white mat ter .  

It should be noted that the difference indegree of swelling between mitochondria of the brain structures being 
studied was much more marked when sodium desoxycholate was used than with trypsin. 

Our at tention now turns to certain similari t ies  in the kinetics of the swelling of mitochondria from the cortex 

and gray matter  of the brain stem during incubation of eight to 30 min.  

The mate r i a l  obtained permits the hypothesis that there are essential  differences in degree and kinetics of 
rnitoehondrial  swelling in mitochondria from different brain structures and these differences are not re la ted to the 
numerical  inequal i ty  of mitochondria in samples studied. This assumption is confirmed by data from experiments 
with eat brain mitochondria ,  where it has been established that the degree of mitochondria l  swelling is inversely 

proportional to the concentration of mitochondria in the incubated sample.  In the present work the mitochondrial  
suspension of rabbit brain cortex contained almost 1.4 t imes more mitochondria than the suspension of white mat ter ,  
but had a much greater degree of swelling. This suggests that the membranes of mitochondria from different brain 
structures differ in this property. It is possible that this is re la ted to the different specific content of protein and 
lipids in the mitochondrial  membranes.  In such a case the specific content of proteins and lipids increases i n  the 
following order: cerebral  cortex --* brainstem gray matter  ~ spinal cord white mat ter  --, cerebral  cortex white mat ter .  

On the other hand, the mitochondria l  envelope in different brain structures may  be distinguished not by the 
quanti tat ive but by the qual i ta t ive  composition of  proteins and lipids and by the spat ial  arrangement  of the cor-  
responding complexes ,  In this connection i t  may be hypothesized that  the proteins and lipids of the cor t ica l  mi to -  

chondrial  membranes are more accessible  to the act ion of trypsin and sodium desoxycholate than the membranes of 
the remaining brain structures we have studied. 

The greater difference in degree of mitochondrial  swelling in the brain structures under study as the result of 
sodium desoxycholate in comparison to trypsin t rea tment  may indicate  that the external  mitochondrial  membranes 
are significantly different in l ipid content rather than in protein components.  

The data obtained in this study, evident ly ,  indicate  a certain s imilar i ty  in the composit ion or arrangement of 
proteins and lipids in the membranes of rnitochondria from the grey mat ter  (cortex and brainstem) and difference 

in these features of the la t ter  from mitoehondria from the white mat ter  (spinal and cerebral)  of the rabbit brain. 

Thus, the results of the present study suggest that mitochondria isolated from different rabbit  brain structures 

differ in functional respects, in structure and in metabol ic  ac t iv i ty  and are character ized by different properties of 
the pro te in- l ip id  components in their membranes.  

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of  the  a b b r e v i a t i o n s  as  g iven  in  the  or ig ina l  R u s s i a n  journal .  Some or  all of  th i s  peri- 

odical  l i t e ra ture  m a y  we l l  b e  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  o f  the  c o v e r - t o .  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  th i s  i s s u e ,  
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Al l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in the  a b o v e  b ib l i ography  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  of  the  a b b r e v i a t i o n s  as  g iven  in the  or ig ina l  R u s s i a n  journal .  Some or e l i  of th is  peri-  

od ica l  l i t era ture  may wel l  be  a v a i l a b l e  in Engl ish  translat ion.  A c o m p l e t e  l i s t  o f  the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the  back  of  th i s  i s s u e .  
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