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During the past years several investigators have described many techniques per- 
mitting the fractionation of the cells and the isolation from them of nuclei, mitochondria 
and microsomes in a state of high purity. Particular attention was directed to the study 
of mitochondria, which were recognized to be the site of several enzymic activities 
and particularly of those concerned with oxidation and with phosphorylative processes 
(HOGEBOOM et al., BRACHET, SCHNEIDER, SWANSON, KIELLEY AND KIELI.E¥1~). 

The shape and the physical properties of mitochondria were studied by several 
investigators and it was established that the composition of the suspension medium has 
a great influence on the morphology of these cell particles. In fact mitochondria, which 
are in rodlet-form within the living cells, change their shape to spheres when they are 
isolated in the presence of electrolytes. I t  was also observed (HOGEBOOM1, 2, SCHNEI- 
DER 4,5, HARMAN 9) that, when mitochondria are isolated with 0.88 M sucrose, the trans- 
formation into the sphere form occurs on dilution of the suspension medium or on 
addition of electrolytes to it. 

The behaviour of mitochondria in distilled water was also studied by CLAUDE 10'11, 
OPIE 12 and HARMAN 9. CLAUDE has claimed that  the suspension of mitochondria in dis- 
tilled water causes absorption of water by the granula, with resulting decrease in density. 
Under darkfield illumination, mitochondria, which under normal conditions have a 
diameter of 0.5-2 micron, were observed to swell and increase in size enormously, 
reaching even 6 micron in diameter. CLAUDE affirmed that  mitochondria break up 
spontaneously into units of smaller size and that  this process is accelerated by hypotonic 
solutions. He claimed that  microsomes are probably produced as a consequence of the 
disruption of mitochondria and concluded that  mitochondria are surrounded by a semi- 
permeable membrane. 

A further argument supporting the theory of the presence of a semipermeable 
membrane in mitochondria was then suggested by CLAUDE AND FULLAM TM and by DALTON 
et al. 14 with electronic microscopic observations. 

OPIE (l.c.) has studied the osmotic behaviour of mitochondria within the cells. He 
observed swelling of mitochondria when the tissue sections were submitted to the action 
of distilled water and confirmed substantially the claims of CLAUDE on the presence of 
a semipermeable membrane. More recently HUENNEKENS AND GREEN 15 and HARMAN 
Iloc. cir.) have cast some doubt on the real existence of a semipermeable membrane 
surrounding the mitochondrial body. HARMAN confirmed that mitochondria, which are 
originally rod-like in form, swell and shrink when suspended in hypotonic solutions. He 
observed, however, that neither distilled water nor 30 % urea causes a release of soluble 
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material into the supernatant, although they produce a great swelling of mitochondria. 
This fact shows that mitochondria do not lose soluble proteins when suspended in 

distilled water or in hypotonic solutions. In addition, when mitochondria are suspended 
in media containing radioactive sodium and potassium ions, the radioactivity per ml 
of supernate and of mitochondrial residue is substantially the same. HARMAN claims 
that this fact excludes the presence of a semipermeable membrane similar to the one 
present in red cells, which is provided with a selective power on the penetration of 
radioactive ions. 

A further contribution to the problem of the presence of a semipermeable membrane 
in mitochondria was given by DE DUVE et al. ~6-1s. These authors have reported that 
60% of the acid phosphatase of the cell is contained in mitochondria. When distilled 
water or salt solutions are added, the enzyme is released into the supernatant fluid. 
Sucrose protects against this loss of the enzyme from the particles. This fact seems to 
the authors an argument supporting the theory of the presence in mitochondria of a 
semipermeable membrane. Further argument for this theory was very recently suggested 
by WALKER TM, who showed that fi-glucuronidase of liver mitochondria is released in the 
supernatant when these particles are suspended in distilled water. 

An examination of the above-mentioned works shows that the problem of the 
presence of a semipermeable membrane in mitochondria is not clear. This paper is an 
attempt to contribute to its elucidation. 

MATERIAL AND METHODS 

Mitochondria were isolated from liver or kidney of white ra t s  by  differential centrifugation.  
Tile homogenates  were prepared in refrigerated mor ta rs  from I g of tissue, which was diluted with 
IO ml of 0.25 2lf sucrose in main experiments.  0.88 3 I  sucrose, distilled water  or i M NaC1 solution 
was used instead of 0.25 M sucrose in some cases. Tissue debris, undamaged cells and nuclei were 
discarded by  a first centr ifugation at  iooo g for 15 rain. A large port ion of the mitochondria  was 
then sedimented by centrifuging the residual fluid at  5ooo g for 3 ° min. They  were then  resuspended 
in 0.25 M sucrose and resedimented for washings.  The superna tan t  after  the sedimentat ion of the 
mitochondria  fraction, which contained some mitochondria  of minor size, microsomes and soluble 
protein, was discarded. All operat ions were performed at  2 ° C, 

Morphology, enzymic activities, and nucleic acid content  of mitochondria  suspended in media 
of different osmotic concentrat ions were par t icular ly  studied. 

Morphology of mitochondria  was studied with the Zeiss-Winkel phase cont ras t  microscope. 
Mitochondria isolated in 0.25 M sucrose, in 0.88 M sucrose or in distilled water  were suspended in 
media of different osmotic activity, a t  the following concentrat ion:  NaC1 0.075 M (hypotonic for 
red cells), o.15 M (isotonic), i M (hypertonic);  KC1 0.075 M (hypotonic), o.15 M (isotonic), I M 
(hypertonic) ; sucrose: o.125 M (hypotonic), 0.25 M (isotonic), i M (hypertonic);  distilled water.  

Succinoxidase, D-amino acid oxidase and lactic oxidase activities of isolated mitochondria  were 
also studied in media of different composition, in order to see if the osmotic activity of the suspension 
medium has some influence on the enzymic activities. Some results in this field were obtained by 
HARMAN 8, who reported tha t  cyclophorase activity of mitochondria  is higher in 8. 5 % than  in 17 % 
sucrose. Since 0.067 M Na2HPO4-KH2PO 4 buffer solution is usually employed as suspension medium 
for the routine determinat ion of most  enzymic activities, the results obtained in every exper iment  
by suspending mitochondria  in media of different osmotic act ivi ty were compared with those shown 
in 0.o67 M phospha te  buffer solution (which is hypotonic).  In  practice, the mitochondrial  sediment 
obtained from I g of t issue was resuspended in IO ml of 0.25 _A¢ sucrose and divided into 2 aliquots, 
each of 5 ml, Both al iquots were submi t ted  to a new centrifugation in the same centrifuge for 3 ° rain. 
The final pellets were then suspended in 3 ml of the 0.067 M phospha te  buffer and in 3 ml of the 
other  solution to be studied, respectively. For  succinoxidase tests, 3 ml of the mitochondria  suspension 
were placed in the main c o m p a r t m e n t  of a Warbu rg  vessel, the central well of which contained 
0.2 ml of 30 % KOH.  o.2 ml of 0.2 M sodium succinate were added to the suspension immediate ly  
before the beginning of the exper iment  and the first reading was made after  7-1o rain necessary 
for t empera ture  equilibration. Gaseous envi ronment  was air in most  experiments,  bu t  ioo % Oz and 
lOO% N 2 were used in some experiments .  All experiments  were performed at  380 C. Very similar 
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Fig. i .  Mi tochondr ia  suspended 
in 0.2 5 3 I  sucrose. Phase  Con- 
t ras t ,  Ph 3 immers ion  objec- 
t ive,  Magnif ica t ion : 

IOOO "{ 3 X d. 

Fig. 2. The same image  as  
Fig. i,  a t  h igher  magnif ica-  

t ion ( iooo × 6 X d) 

Fig. 3. 
Mi tochondr ia  suspended in 
i 1~I NaC1 solu t ion  for 8 h. 
Magnif ica t ion:  iooo × 6 X d. 
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Fig. 4. Mitochondria sus- 
pended in distilled water for 
8 h. Some of the most 
swelled elements. Magnifica- 

tion: i6oo × 6 X d. 

procedures were employed for D-amino acid oxidase and for lactic oxidase, but 0.2 ml of 0.2 M 
nL-alaninc or of i M sodium lactate were added instead of succinate. 

Nucleic acid phosphorus was determined according to SCZM1DT AND T H A N N H A U S E R  TM. 

RESULTS 

Morphology 

Mitochondr ia  i sola ted  with  o.25 37 sucrose are sphere-shaped and thei r  d iameter  
is o.5 2 micron approx imat ive ly .  A more dense shadowy r ind resembling a new moon 
can a lways  be observed on one side of the  sphere.  This image is qui te  s imilar  to the 
one descr ibed by  CLAUDE, b y  ZOLLINGER 20 and b y  HARMAN. 

When  mi tochondr ia  are very  freshly isolated,  some rod-l ike forms can be observed,  
bu t  the number  of these forms is r ap id ly  reduced with progress of t ime. I h af ter  the 
isolation,  only a few par t ic les  show a rod-l ike form. Some e lements  with in te rmedia te  
forms between rods and spheres can be somet imes observed.  Only spherical  mi tochondr ia  
can be observed in e lec t ro ly te  solutions.  

When  mi tochondr ia  are isola ted from homogenates  wi th  dist i l led water ,  t hey  are 
a lways  spherical  and  rod-l ike forms were never  de tec ted .  The d iamete r  of these mito-  
chondr ia  seemed to be s l ight ly  higher  than  t ha t  of mi tochondr ia  isolated with  0.25 I l l  
sucrose and  m a n y  e lements  wi th  d i ame te r  of 5-6 micron occurred in these prepara t ions .  

The mi tochondr ia l  sed iment  ob ta ined  from homogenates  suspended in 0.88 M 
sucrose was cons t i tu ted  pr inc ipa l ly  of rod-l ike elements,  bu t  a high percentage  of 
spher ical  forms were also present .  When  this mi tochondr ia l  sediment  was suspended in 
isotonic or in hypoton ic  solutions,  the  rod-l ike forms changed rap id ly  to spheres. When  
spher ica l  mi tochondr ia  isola ted with  0.25 M sucrose were suspended in hypotonic ,  
isotonic or hyper ton ie  media ,  no large modif icat ion in thei r  morphology  could be 
observed.  

When  ~ ~']l sucrose solut ion was used as suspension medium,  mi tochondr ia  appea red  
only ve ry  s l ight ly  reduced in size wi th  respect  to those suspended  in 0.25 i l l  sucrose. 
Rod- l ike  form was never  reassumed when spher ical  mi tochondr ia  were t ransfer red  to 
hype r ton i c  (I M) media .  

Mi tochondr ia  suspended  in e lec t ro ly te  solut ions appea red  to be more agg lu t ina ted  
than  those suspended  in sucrose solutions.  
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Suspension in dis t i l led wa te r  of mi tochondr i a  i so la ted  wi th  o.25 M sucrose d id  not  
produce  fur ther  r ap id  swelling. Two hours  af ter  the  suspension in dis t i l led water ,  the  
par t ic les  a p p e a r e d  to  be only fa in t ly  larger  t han  the  controls  suspended  in 0.25 M 
sucrose. The spher ica l  form was conserved even IO h af ter  the  suspension in water ,  bu t  
the  number  of forms wi th  a large d i ame te r  increased wi th  progress  of t ime.  

Enzymic activities 

Effect o~ distilled water 

In  a first series of exper imen t s  the  ac t ion of dis t i l led  wa te r  on the  enzymic  ac t iv i t ies  
of mi tochondr ia  was s tudied.  W a s h e d  mi tochondr i a  were suspended  in 3 ml of d is t i l led  
wate r  (buffered b y  add i t i on  of 0.2 ml of 0.067 M phospha te  buffer, p H  7.4). The  homo- 
geneous suspension was i m m e d i a t e l y  t rans fe r red  into a W a r b u r g  vessel and  the  experi-  
men t  s ta r ted .  A cont ro l  wi th  the  same amoun t  of mi tochondr i a  suspended  in o.067 M 
phospha te  was run  at  the  same t ime.  

As shown in Table  I, suspension of mi tochondr ia  in dis t i l led wa te r  produces  a 
considerable  increase of succinoxidase  ac t iv i ty ,  while D-amino acid  and  lac t ic  oxidases  
are  inh ib i t ed  to a large extent .  The amoun t  of the  increase of succinoxidase  ac t i v i t y  
is larger  for k idney  than  for l iver  mi tochondr ia .  Also the  a m o u n t  of decrease of lact ic  
and  D-amino acid  oxidases  ac t iv i t ies  is la rger  for k idney  t han  for l iver  mi tochondr ia .  

In  an a t t e m p t  to expla in  the  na tu re  of the  effect of d is t i l led  wa te r  on succ inoxidase  
ac t i v i t y  of mi tochondr ia ,  some exper imen t s  were made  in which mi tochondr i a  were 
exposed  to the  ac t ion  of dis t i l led wa te r  for a longer  per iod  of t ime.  F o r  th is  purpose  all  
opera t ions  were per formed  as descr ibed  above,  bu t  mi tochondr i a  were i ncuba t ed  wi th  
d is t i l led  wa te r  for 15 rain, 30 min, I h and  2 h. A t  the  end of the  incuba t ion  t ime,  
succinate  was a d d e d  and  the  expe r imen t  s ta r ted .  A non- incuba ted  cont ro l  was a lways  
es tabl ished.  

TABLE I 

EFFECT OF DISTILLED WATER ON SUCCINOXlDASE, D-AMINO ACID OXIDASE AND LACTIC OXlDASE 
ACTIVITIES OF ISOLATED MITOCHONDRIA (THE DATA ARE EXPRESSED AS m m c  02 CONSUMED IN I h 

AT 3 8°  IN AIR BY MITOCHONDRIA CORRESPONDING TO 0. 5 g OF FRESH TISSUE) 

(S.D. = standard deviation; S.E. = standard error) 

Enzyme 

Liver Kidney 

Number Values 
of expressed Mitochondria Mitochondria Mitochondria 

experiments as suspended in Mitockondrla suspended in Acceleration suspended in suspended in Acceleration 
0.067 M distilled water % 0.067 M distilled water % 

phosphate buyer phosphate buOer 

Succinoxidase 

D-amino acid 
oxidase 

Lactic oxidase 

ITImc O~ 

7 consumed 294.32 358-55 t- 2 1 . 8  230.84 3~4.26 4- 36.1 
S.D. J- 2o. 3 16. 4 7.4 23.2 14-5 I2"5 
S.E. :~ 5-4 4-4 2.0 6.2 3.9 3-3 

mmc 02 
3 consumed 19.44 8.72 - 55.15 48.09 15.62 --67.52 

S.D. ± 2.04 2.18 4.13 3.20 2.76 3.5 
S.E. :j__ 0.8 0.9 1. 7 1. 3 i .I  1. 4 

mmc O~ 
3 consumed 33-53 25.71 - -  23.33 33.46 19.89 - -  40-56 

S.D. ± 1.o8 2.9 7.2 3.9 0-4 7 .1 
S.E. i o.45 1.2 3.0 1.6 o.i 2.9 
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The results which were reproduced in Table II  show that, while non-incubated 
mitochondria show an increase of succinoxidase activity of 21.49%, incubation for 
longer periods of time reduces the extent of acceleration to I2.I  7 % after 15 min., 7.5 % 
after 3o min and 2.1% after I h, respectively. 2 hours of incubation results in a weak 
decrease of the activity (--4.I6%). 

T A B L E  I I  

EFFECT OF INCUBATION WITH DISTILLED WATER FOR VARIOUS EXTENTS OF TIME 
ON SUCCINOKIDASE ACTIVITY OF ISOLATED MITOCHONDRIA 

(The  d a t a  a r e  e x p r e s s e d  a s  m m c  O 3 c o n s u m e d  in  I h a t  38o C) 

No incubation Incubation for x5 rain Incubation for 30 rain Incubation for z h Incubation for z h 

C o n t r o l  2 5 8 . 9 2  2 5 8 . 9 2  2 5 8 . 9 2  26o.  12 255 .12  
D i s t i l l e d  w a t e r  3 1 4 . 5 6  2 9 o . 2 3  2 7 8 . 3 8  2 6 5 . 6  2 4 o . 2 4  
A c c e l e r a t i o n  % + 21 .5  + 12 .17  + 7.5 + 2.11 - - 4 . 1 6  

A logical interpretation of this phenomenon might be the possible inactivation of 
the enzyme system, as a consequence of the disruption of an aliquot of mitochondria. 
This explanation would seem to be supported also by the results of CLAUDE, who 
reported that  distilled water produces disruption of mitochondria with consequent 
production of particles of smaller size from them. In an at tempt to verify this hypothesis, 
mitochondria were isolated from I g of rat liver and kidney, as usual. They were then 
resuspended in 15 ml of 0.25 M sucrose solution and divided in 3 aliquots, each of 5 ml. 
They were then again sedimented in a centrifuge. The first aliquot was suspended in 
3 ml of 0.067 M phosphate buffer (pH 7,4); the second and the third aliquots were 
suspended in 3 ml of buffered distilled water. All three suspensions were incubated at 
20 ° C for 30 rain. The third aliquot was then again centrifuged at 5000 g for 3 ° rain. 
The sediment was resuspended in 3 ml of 0.067 M phosphate buffer and both resuspended 
sediment and supernatant fluid were transferred into Warburg vessels. 

Sodium succinate and KOH were added and succinoxidase activities of all three 
systems were determined parallelly. 

As shown in Table III, only a very small amount of succinoxidase activity is 
released in the supernatant fluid and practically all the activity remains in the sediment. 
This fact does not agree with the hypothesis that mitochondria undergo disruption and 
fragmentation with consequent redistribution of enzymic activity when suspended in 
distilled water. Since fragmentation of mitochondria cannot be held responsible for the 

T A B L E  I I I  

EFFECT OF SUSPENSION IN DISTILLED WATER ON THE DISTINCTION OF SUCCINOXIDASE 
BETWEEN SEDIMENT AND SUPERNATE 

Miloehondria suspended 
Data expressed as in 0.067 M phosphate M itochondria suspended Distilled water Distilled water 

buffer in distilled water supernatant sedimem 

M m c  O z c o n s u m e d  2 5 6 . 6 8  2 6 1 . 8 i  5 .22  2 4 6 . 9 8  

A c c e l e r a t i o n  % + 2 

R e / e r e . c e s  p .  3 6 7 .  
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disappearance, following incubation, of the increase of succinoxidase activity, which 
can be observed immediately after suspension in distilled water, the hypothesis may 
be advanced that  distilled water produces alterations of the mitochondrial surface, 
increases the permeability and facilitates the inactivation by oxidation processes of the 
enzymes contained in them. 

Some experiments were then established with the purpose of verifying this hy- 
pothesis. Mitochondria isolated from 2 g of rat  liver were divided into five identical 
aliquots, following the procedure outlined above. The first aliquot was then suspended 
in o.067 M phosphate buffer solution and was retained as a control. The residual 4 ali- 
quots were suspended in buffered distilled water. All the aliquots were then transferred 
into Warburg vessels. Succinoxidase activity of the first of 4 aliquots suspended in 
distilled water was immediately determined, as well as the activity of the buffer- 
suspended control. The 3 residual aliquots, which were also suspended in distilled water, 
were treated as follows: the first one was incubated with distilled water for I h and 
was retained as an incubated control; the second and third aliquots were similarly 
incubated with distilled water, but I oo % O z and I oo % N 2 were established respectively 
in their manometric systems. Succinoxidase activities of these samples were then 
determined. 

Two of these experiments are recorded in Table IV. I t  results from these experiments 
that  incubation in a lOO% N~ medium partially protects mitochondria succinoxidase 
against inactivation. 

Incubation in a lOO% O 8 medium seems, on the other hand, to accelerate the 
inactivation of the enzyme. 

TABLE IV 
EFFECT OF 1 O O %  Q)~ AND OF IOO~o •2  GASEOU~ MEDIA ON THE DISAPPEARANCE 

OF THE ACCELERATION OF SUCCINOXlDASE ACTIVITY OF MITOCHONDRIA PRODUCED BY 
SUSPENSION IN DISTILLED WATER 

(The data are expressed as mmc O z consumed in i h by mitochondria) 

Experiment Buyer control 
No. 

Distilled water 

Control x h of incubation z h of incubation r h of incubation 
in air in xoo% Ot in zoo% Nt  

I 198.92 255.78 204.38 195.12 229.12 

2 2oo.98 264.26 2o8.o5 194.2o 234.95 

Effect o/hypertonic solutions 
The effect of hypertonic solutions on succinoxidase and B-amino acid oxidase 

activities of mitochondria was also investigated. Mitochondria isolated from I g of 
tissue with 0.25 M sucrose were divided into 2 identical aliquots, the first of which was 
suspended in 0.067 M phosphate buffer (pH 7.4), while the second one was suspended 
in a i M solution of the following substances: NaC1, KC1, Na2HPO4-KH,PO 4 buffer, 
sucrose, mannitol, respectively. Sucrose and mannitol  were chosen because of their non- 
electrolytic character. Results are recorded in Table V. 

Strong inhibitions of succinoxidase and D-amino acid oxidase activities were 
produced by I M solutions. Liver suecinoxidase was inhibited 91.5% by I M NaC1, 
88.3% by KC1, 54.7% by I M phosphates, 53.7% by sucrose and 71.4% by mannitol. 
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T A B L [  

EFFECT OF I M SOLUTIONS ON SUCCINOXIDASE AND D°AMIN( 

(S.D. = s t a n d a r d  dev ia t ion  

Values 
Enzyme Organ expressed as 

Mitochondria suspende¢ 

NaCl KCl 

0.067 M I M Inhibition 0.067 M I M Inhibition 
buffer control solution % buffer control solution % 

m m c  O 3 
L ive r  consumed  286.52 24.21 91. 5 317.87 37.18 88.31 

S.D.  :k 9.92 7.7 2.8 18. 7 9.1 2.2 
S.E. ~ 4.1 3.2 i . i  9.3 4.5 i . i  

Succinoxidase  
m m c  0 2 

K idney  consumed  29o.77 37.98 86.9 351.3o 46.88 86.66 
S.D. ~: 15.1 9.7 3.3 8.1 9.6 2.4 
S.F.. ~ 6.2 4.0 1. 3 4.0 4.8 1.2 

m m c  O 3 
L ive r  consumed  17.78 3.92 78.2 26.8 5.71 78.7 

S.D. t 2. 7 1. 3 6.1 1. 3 0.8 4.0 
S.E. k I . I  0. 5 2. 5 0.6 0. 4 2.0 

D-amino acid 
oxidase  m m c  O 3 

K i d n e y  consumed 69.45 5.64 9o.o8 119.o6 7.93 93.34 
S.D. 2k 23.3 2.8 7.8 lO.8 0.8 o. i  
S.E. ~ 9.7 i . i  3.2 5.4 0.4 o-o5 

Kidney succinoxidase was inhibited 86.9% by NaC1, 86.6% by KC1, 52.3% by phos- 
phates, 65.6 % by sucrose and 7o.oi % by mannitol. D-amino acid oxidase was inhibited: 
78.2% in liver and 90.08% in kidney by I M NaC1; 78.8% in liver and 93.3% in kidney 
by KC1; 36.o3% in liver and 40.26% in kidney by phosphates; 41.5% in liver and 
39.7% in kidney by sucrose; 46.7% in liver and 38.4% in kidney by mannitol. 

It results from these data that the inhibitions produced by KC1 and NaC1 I M 
solutions, which have very similar osmotic activities, are practically to the same extent; 
i M phosphate buffer and the non-electrolytes sucrose and mannitol, which have 
osmotic activities lower than I M NaC1 and KC1, also exert lower inhibitions. A possible 
interpretation of the large difference between the inhibition values determined by I M 
NaC1 and KC1 and those determined by the other I M solutions may be, therefore, their 
different osmotic activities. 

In an attempt to verify this hypothesis, a series of experiments was made in which 
the extent of inhibition of succinoxidase and D-amino acid oxidase activities of both 
liver and kidney mitochondria by NaC1 and sucrose solutions of different molarities 
was checked. 

As shown in Table VI, the extent of inhibition of succinoxidase activity decreases 
progressively with the decrease of the molarity. Acceleration values were obtained with 
o.o185 M NaC1 and with 0.o37 M sucrose. D-amino acid oxidase, the inhibition of which 
decreases also with decreasing molarity of the solutions, showed a further strong inhi- 
bition with 0.0092 M NaC1 and with o.o185 M sucrose. 

The inhibition values produced by NaC1 solutions are approximately twice those 
produced by sucrose solutions. Since also the osmotic pressures exerted by NaC1 so- 
lutions are approximately double those exerted bysucrose solutions of the same molarity, 
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ACID O X I D A S E  A C T I V I T I E S  OF I S O L A T E D  M I T O C H O N D R I A  

S.E .  = s t a n d a r d  e r r o r )  

361 

in • M solution of 

Na2HPO4-KH~PO, Sucrose Mannitol 

0.067 M ± M Inhibition 0.067 M r M Inhibition 0.067 M z M Inhibition 
buffer control solution % buffer control solution % buffer control solution % 

3o6 .62  138 .75  54 ,75  3 0 7 . 6 4  142 .22  5 3 . 7 4  2 9 5 . 3 9  8 3 . 5 o  71 .74  
11. 5 3 .06  0. 7 8 .6  2.1 2 .0  o 4 .8  1.6 

5.7 1.5 0 .3  4 .3  i .05 i . o  o 2. 4 0.8 

332 .8  158 .73  52 ,31  317 .21  lO8 .95  65 .6  336 .51  lOO.92 7o .o  
o 6 .8  2 ,o  17.1 0. 9 1.6 8. 5 0 .6  0. 7 
o 3 .4  i . o  8.5 0 .4  0 .8  4.2 0. 3 0. 3 

37 .63  24 .o5  36 ,o3  3 7 . 3 6  2 1 . 8 4  41 .51  36 .35  19 .87  46 ,7  
2. 3 0 .8  1.6 6. 7 4 .0  o . i  2 .7  1.4 o . I  
I . I  0. 4 o ,8  3.3 2 .o  0 .o  5 1. 3 0. 7 o .o  5 

14o .o  4 83. 4 4 0 . 2 6  8 o . 1 8  4 8 . 6 8  3 9 . 7 7  138 .66  85-64  3 8 . 2 4  
7.4 5 .0 6"7 0 .6  2 .3  1. 7 16.o  16. 3 4 .8  
3.7 2.5 3 ,3  0 .3  I . I  0 .8  8 .o  8.1 2. 4 

T A B L E  V I  

E F F E C T  OF T H E  M O L A R I T Y  OF T H E  S O L U T I O N S  OF NaC1 A N D  S U C R O S E  ON S U C C I N O X I D A S E  A N D  

D - A M I N O  ACID O X I D A S E  A C T I V I T I E S  OF L I V E R  A N D  K I D N E Y  M I T O C H O N D R I A  OF W H I T E  RATS 

(The  r e s u l t s  a r e  e x p r e s s e d  as  p e r c e n t a g e s  of i n h i b i t i o n  o r  a c c e l e r a t i o n  p r o d u c e d  b y  s o l u t i o n s  of  
d i f f e r e n t  m o l a r i t y ) .  ( +  = a c c e l e r a t i o n ; -  = inhibition) 

Liver Kidney 

Molarity NaCI sucrose NaCI sucrose 
of the 

solutions D-amino acid succinoxidase succinoxidase D-amino acid o-amino acid succinoxidase D-amino acid 
oxidase succinoxidase oxidase oxidase oxidase 

0 .0092  + 8 .05 - - 3 8 . 7 8  - -  - -  + 8 .30  - - 5 3 - 4 5  - -  - -  
o . o 1 8 5  + 4 .85 ~ 6 . o i  + 1 1 . 1 3 '  - - 3 4 . 9 I  + 0 .96  - - 2 3 . 7 7  + 5 .20  --56.25 
0 . 0 3 7  - - 1 5 . 2 3  - - 2 1 . 1 5  + 2 .40  - -  6 .14  - - 1 5 . 3 o  - - 3 1 . 3 6  - - -  o.91 - - 2 7 . 0 7  
0 .o75  - - 2 4 . 8 3  - - 2 5 . 5 4  - - 1 1 . 5 4  - - 3 3 . 3 6  - - 2 7 . 5 9  - - 3 8 . 1 9  - - 1 3 . 9 4  - - 3 4 . 9 4  
o .15  - - 2 4 . 8 7  - - 4 5 . 8 2  - - 1 7 . 6 9  - - 1 9 . 1 1  - - 3 9 . 6 1  - - 5 4 . O l  - - 2 1 . 6 o  - - 2 8 . 8 0  
0 .25  - -  - -  - - 2 1 . 2 2  - - 1 6 . 8 7  - -  - -  - - 2 0 . 5 5  - - 3 2 . 1 5  
0 .30  - - 4 6 . 1 7  - - 4 7 . 3 3  - - 3  ° . ° 1  - - 2 o . 9 1  - - 4 1 . 5 8  - - 6 6 . 4 o  - - 2 9 . 1 8  - - 3 7 . 8 3  
0 .60  - - 8 3 . 1 6  - - 7 5 . I 7  - - 3 4 . 5 9  ~ 3 9 . I 9  - - 8 o - 5 3  81-17  - - 3 7  .61 - - 5 5  .06 
o .80  - - 9 6 . 0 7  - - 8 6 . 3  ° - - 4 2 . 7  ° - - 4 2 . 1 1  - - 8 8 . 9 0  - - 9 4 . 3 4  - - 4 8 , 8 3  - - 5 7 . 6 4  
I - - 9 3 . 1 5  - - 8 1 . o 3  - - 5 4 . 7 4  - - 4 1 . 5 6  - - 8 8 . 4 6  - - 9 4 - 3 3  - - 6 5 . 6 0  - - 5 9 . 7 2  
2 - - 9 5 . I O  - - 9 6 . 3 6  - -  - -  - - 9 4  .86 - - 9 7 . 3 4  - -  - -  

S a t u r a t e d  - - 9 7 , 5  - - 9 7 . 9  - - 8 9 . 4 2  - - 4 8 . 8 6  - - 9 6 , 1  - - 9 6 . 3  - - 8 7 . 9 5  - - 5 8 . 3 4  

as a consequence of the dissociation of sodium chloride, these facts strongly agree with 
the hypothesis that the osmotic activity of the solutions is directly responsible for the 
difference of behaviour of the enzyme activities of mitochondria suspended in different 
media. Further experiments were made in order to see if the inhibition produced by 
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I M solutions is reversible. For this purpose, I .  mitochondria were isolated from homo- 
genates in I M NaC1, and suspended as usual in 0.067 M phosphate buffer; 2. mito- 
chondria were isolated as usual from 0.25 M sucrose homogenates and then suspended 
in I M NaC1 and incubated for I h, 2 h and 3 h at 380 C or at 2 ° C. At the end of the 
incubation time they were again sedimented, suspended in 0.067 M phosphate buffer 
and their enzymic activity studied and compared with that  of a non-incubated control. 

I t  was seen with the first experiment that  the activity of mitochondria isolated 
from hypertonic solutions is not lower than that  of mitochondria isolated from 0.25 M 
sucrose. The second experiment, the results of which are represented in Table VII ,  
showed that  the temperature of incubation plays an important  r61e. In fact, when this 
temperature was 2° C, only very slight decrease of activity was observed after 3 h of 
incubation. When it was 38° C, a permanent,  very strong inactivation of enzymes 
occurred. Hypertonic solutions produce then, at 38o C, an irreversible inactivation of 
the enzymic systems of isolated mitochondria. The same enzymic activities are practi- 
cally unaffected when the suspension in hypertonic solutions is made at low temperature 
for short periods of time. 

TABLE VII 

EFFECT OF INCUBATION AT 2 ° OR AT 3 8 ° C  WITH I M SOLUTIONS ON SUCCINOXIDASE 
AND D-AMINO ACID OXlDASE ACTIVITY OF ISOLATED MITOCHONDRIA 

Mitochondria Incubated Time Temperature Suecinoxidase D-amino acid oxidase 
isolated from with of incubation of incubation Inhibition % Inhibition % 

L i v e r  NaC1 i M i h 2 ° 4 .99 - -  
L i v e r  NaC1 i M 2 h 2 ° 7.64 - -  
L i v e r  NaC1 i _~f 3 h 2 ° 9.41 - -  
L i v e r  NaC1 i M I h 380 61.15 - -  
L i v e r  NaC1 I M 2 h 380 84.69 - -  
L i v e r  NaC1 i M 3 h 380 86.33 - -  
L i v e r  N a C I  I M 2 h 380 89.56 66.59 
L i v e r  NaC1 I M 2 h 380 89.74 6o.37 
K i d n e y  NaC1 i M 2 h 380 85.23 90.23 
K i d n e y  NaC1 i M 2 h 380 91.32 84.96 
L i v e r  s u c r o s e  I M 2 h 380 88.47 45.17 
K i d n e y  s u c r o s e  i M 2 h 38° 92.63 62.98 

Release o/nucleic acids/rom mitochondria suspended in media o/different osmotic activity 

Some experiments were made with the purpose of studying the behaviour of nucleic 
acids which are contained in mitochondria when these cell particles are suspended in 
media of different osmotic activities. 2 g of rat  liver were weighed, homogenized, 
suspended in IO ml of 0.25 M sucrose, and mitochondria were isolated as usual. They 
were then again suspended in 12 ml of 0.25 M sucrose and divided into 4 identical 
fractions, each of 3 ml. Mitochondria were then again sedimented by centrifugation and 
the sediments were resuspended in solutions of different osmotic activity and allowed 
to stand at 380 C for I h. 

At the end of the incubation time, the samples Nos. 2, 3 and 4 were submit ted to 
a new centrifugation at 5000 g for 60 min. Nucleic acids phosphorus of the unfractionated 
control (No. I) and of the sediments and of the supernatant  fluids of the samples Nos. 
2, 3 and 4 were determined according to SCHMIDT ANn THANNHAUSER with a Beckman 
Mod. DU spectrophotometer. Results, which are reproduced in Table VI I I ,  show that  
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T A B L E  V I I I  

EFFECT OF MEDIA OF DIFFERENT OSMOTIC ACTIVITY ON THE RELEASE OF NUCLEIC ACIDS 
FROM MITOCHONDRIA 

(Techn ique  of S c h m i d t  a n d  T h a n n h a u s e r  - -  H y d r o l y s i s  w i th  4 ml  of I N K O H  a t  37 ° for  15 h - -  
P h o s p h o r u s  t i t r a t i o n  on I ml  of t h e  h y d r o l y s a t e ) .  (The va lues  a re  expressed  as  ~, of p h o s p h o r u s )  

S.D. = s t a n d a r d  dev i a t i o n ;  S .E.  = s t a n d a r d  e r ror ;  R N A  = r ibonuc le ic  ac id ;  P = p h o s p h o r u s  

Nucleic Values as y of P S.D. S.E. 
Source of P phosphorus per ml of Range 

fractions hydrolysate ± ± 

U n f r a c t i o n a t e d  con t ro l  T o t a l  P 2.80 
R N A  P 2.45 

Dist i l led w a t e r  s e d i m e n t  T o t a l  P 1.84 
R N A  P 1.65 

Dist i l led w a t e r  s u p e r n a t a n t  T o t a l  P 0.95 
R N A  P 0.74 

o .25  M sucrose  s e d i m e n t  T o t a l  P 2.35 
R N A  P 2.12 

0.25 M sucrose  s u p e r n a t a n t  T o t a l  P o.38 
R N A  P o .30 

O.12 M sucrose  s e d i m e n t  T o t a l  P 2.15 
RNA P 1.86 

o.12 M sucrose  s u p e r n a t a n t  T o t a l  P 0.59 
R N A  P 0 .50 

o.15 M NaC1 s e d i m e n t  T o t a l  P 2.z8 
R N A  P 2.Ol 

o.15 M NaC1 s u p e r n a t a n t  T o t a l  P 0.50 
R N A  P 0.46 

o.075 M NaC1 s e d i m e n t  T o t a l  P 2.04 
R N A  P 1.86 

0.075 M NaC1 s u p e r n a t a n t  T o t a l  P 0.72 
R N A  P 0.57 

i M NaC1 s e d i m e n t  T o t a l  P 1.48 
R N A  P 1.22 

i M NaC1 s u p e r n a t a n t  T o t a l  P 1.33 
R N A  P 1.2o 

o.15 M KC1 s e d i m e n t  T o t a l  P z .34 
R N A  P 2.o6 

o.15 M IKC1 s u p e r n a t a n t  T o t a l  P o.48 
R N A  P 0.39 

0.075 M KC1 s e d i m e n t  T o t a l  P 2.o9 
R N A  P 1.91 

o.o75 M KC1 s u p e r n a t a n t  T o t a l  P 0.72 
R N A  P 0.55 

I M KCI s e d i m e n t  T o t a l  P 1.5 ° 
RNA P 1.29 

I M KC1 s u p e r n a t a n t  T o t a l  P 1.35 
R N A  P 1.15 

o.32 0.08 2 .37-3 .24  
0.45 o.12 i .80-3 .o  9 

0.05 0.002 1 .8o-1 ,88 
0.06 o.0o2 1 .57-1 .69  

0.o8 0.003 o .9o-1  ,o 4 
o.o 4 o.oo2 o .7o -o ,78  

0.05 0.o02 2 . 2 9 - 2 , 3 9  
0.0 7 0.003 2 .06-2 .20  

0.o6 o.oo2 o .31-o .42  
o.05 o.oo2 0 .24 -0 .34  

o.17 0.07 2 .05-2 .34  
o.13 0.05 1 .71-1 ,95 

0.o8 o.o 3 0 .53 -0 ,69  
o.18 0.07 o .36-0 ,62  

o . i 2  0.06 2 . i 9 - 2 , 3 7  
o . Io  0.05 1 .94-2 .o8  

o.o 5 o.o2 o .48-o .52  
o .o i  o.oo5 o .45 -o .47  

0.04 o.o2 2 .02 -2 .07  
o.13 o.06 1 .77-1 .96  

o . I  o .o  5 o . 6 5 - o , 7 9  
o.I  0.05 0 .50-0 ,65  

o.13 o.06 1 .39-1 .58  
o.2o o . Io  1 .o8-1 .37  

o.15 o.o 7 i .22-1 .44  
o.12 0.06 1 .11-1 .29  

o.25 o . I2  2 .16-2 .52  
o. 7 o.o8 1 .94-2 .19  

0.09 0.04 0 .42-0 .55  
o .o i  0 .005 o .38 -o .40  

O.IO 0.05 2.o2--2.17 
O.O6 O.O 3 1.87--1.96 

O.IO O.O 5 0.65--0.79 
0.07 0.03 0 .50 -0 .60  

0.O8 O.04 1.44--1.56 
O.OI 0.005 1.28--1.3 ° 

0.03 O.OI 1.34--1.37 
0.05 0.02 1.12--1.19 
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small amounts of DNA (desoxyribonucleic acid) can be detected in the mitochondrial 
fraction. This fact was reported also by CLAUDE (l.c.), but does not agree with the results 
of SCHNEIDER (l.c.), who could not find DNA in isolated mitochondria. Probably the 
presence of such small amounts of DNA may be accounted for by the disruption of 
some nuclei during the tissue homogenization and the release from them of chromatin 
threads provided with about the same sedimentation rate as mitochondria (VEGNI22). 
In fact, the DNA content of the mitochondria fraction is reduced progressively by 
washings; no thymine can be detected chromatographically in fourfold washed mito- 
chondria (DIANZANI23). 

These results agree with those reported by HARMAN, who was able to detect chro- 
matin threads within the mitochondrial sediment by a stain reaction. The most im- 
portant result seems, however, the observation that small amounts of nucleic acids are 
released in the supernate from mitochondria as a consequence of incubation. These 
amounts are larger for mitochondria which were suspended in distilled water or in 
hypotonic media than for those suspended in isotonic solutions (0.25 M sucrose, o.15 M 
NaC1, o.15 M KC1). They attain, however, their highest values when mitochondria are 
suspended in hypertonic (I M) solutions. This fact seems not devoid of importance, 
when one considers that incubation in the same solutions inactivates succinoxidase and 
D-amino acid oxidase activities of mitochondria. This result agrees with the claims of 
MIRSKY 24, who described a method for the extraction of nucleoproteins from the cells 
based substantially on the solubility of these substances in I M NaC1 solution. 

DISCUSSION 

From the experiments described in this paper, the conclusion can be drawn that  
the existence of a semipermeable membrane surrounding mitochondria is highly 
probable. The characteristics of this membrane seem, however, to be peculiar to mito- 
chondria and quite different from those described for red cell membrane. In fact, the 
experiments carried out by phase contrast microscopy showed a large difference between 
mitochondria and red cells against hypertonic, isotonic and hypotonic solutions. 

In fact, red cells are rapidly disrupted when suspended in distilled water, while 
mitochondria show only swelling and resistance to distilled water for times longer than 
8 hours. In addition, distilled-water treated mitochondria do not resume their primitive 
shape when transferred into hypertonic media, and succinoxidase activity remains 
quantitatively in the sediment (mitochondria) when these cell particles are suspended 
in distilled water. I t  cannot be excluded that the change from rod to sphere form 
produces irreversible alteration of the structure of the mitochondrion. Some doubt might 
then be cast upon the actual existence of an active semipermeable membrane in mito- 
chondria. 

The results of the study of enzymic activities and of the release of nucleic acids 
from mitochondria suspended in media of different osmotic power show however that  
the existence of a membrane is highly probable. In fact, the osmotic activity of the 
medium influences strongly the enzymic activities, which are much lower in more 
concentrated than in more diluted solutions. Suspension in distilled water accelerates 
succinoxidase activity, but inhibits lactic oxidase and, more remarkably, D-amino acid 
oxidase. I M solutions bring about, on the contrary, strong inhibitions of all enzymic 
activities. The results of these experiments agree with the statement of HKRMAN (l.c.) 
References p. 367. 
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with regard to cyclophorase activity of mitochondria, which was found higher in 8.5 % 
than in 17% sucrose. 

The difference of behaviour between succinoxidase, D-amino acid oxidase and lactic 
oxidase activities of mitochondria treated with distilled water is difficult to explain, but 
it might be important  to remember that  both D-amino acid oxidase and lactic oxidase 
are concerned in act ivi ty  with flavoenzymes. 

The fact that  the inhibitions produced by the concentrated solutions can be 
observed when both electrolytes and non-electrolytes are employed as suspension media, 
shows that  the electrolytic character is not entirely responsible for the observed phe- 
nomena. Since the inhibition values obtained with NaC1 solutions are about double those 
obtained with sucrose Solutions of the same molarity, it seems evident that  the osmotic 
pressure of the solutions, which is about double for the electrolyte NaC1 with regard 
to sucrose, may be really an important  factor of the phenomenon. In addition, resus- 
pension in distilled water of mitochondria isolated or previously incubated with I M 
NaC1 solution shows that  the enzyme is not definitely inhibited when the cell particles 
are suspended in I M NaC1. These facts also agree with the hypothesis of the existence 
of osmotic properties in mitochondria. 

Some other factors of lesser value may, however, be considered for the inhibition 
phenomenon. In fact, the inhibition percentages obtained with NaC1 or with KC1 are 
generally slight more than double those obtained with sucrose solutions. Another 
argument for the existence of an influence of ions on mitochondria is the morphological 
observation that  these cell structures agglutinate spontaneously when suspended in 
electrolyte solutions, while they do not agglutinate when suspended in sucrose or man- 
nitol solutions. 

The nature of the substance in which mitochondria are suspended seems also to 
exert its own influence. In fact, mannitol solutions produced higher inhibitions on liver 
succinoxidase than sucrose. 

The experiments of incubation of mitochondria with distilled water for long extents 
of time (3-8 hours) showed that  neither a large number of mitochondria undergo dis- 
ruption, nor are enzymes in an active form released from them. Only slight inhibition 
of succinoxidase, which is probably connected with an oxidation phenomenon, is 
determined by prolonged contact with distilled water. In fact, a gaseous medium of 
lOO% O~ accelerated and one of lOO% N~ reduced the rate of inactivation. 

Nucleic acids are released from mitochondria into the supernatant fluids in amounts 
that  are slightly higher when distilled water  or hypotonic solutions are employed as 
suspension media than when isotonic fluids are used. The largest amount of nucleic acids 
is, however, released from mitochondria suspended in I M solutions, but this fact can 
probably be explained by the larger solubility of nucleoproteins in I M than in isotonic 
solutions (MIRSKY, l.c.). Release of nucleic acids from mitochondria cannot be considered 
responsible for the inhibition of enzymic activities that  was observed in hypertonic 
media. In fact, resuspension in hypotonic media of mitochondria produced the return 
to normal oxidation values. In addition, the non-reversible inactivation of the enzymes 
that  was produced after a long incubation with I M solutions at 3 8o C did not occur 
when incubation temperature was 2 ° C, although the amounts of nucleic acids released 
from mitochondria were practically the same at 2 ° and at 3 8o C. Perhaps an enzymic 
process is responsible for the non-reversible inactivation occurring at 3 8o C. 

From the experiments described in this paper, the existence of a semipermeable 
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membrane in mitochondria appears then to be highly probable. The osmotic charac- 
teristics of this membrane seem to be particularly efficient with regard to enzymic 
activities, also when mitochondria are changed from rodlet to sphere form. This fact 
may have a particular importance for the functioning of the cell. In fact, the statement 
that the enzymic activities are dependent upon the osmotic power of the solutions 
in which mitochondria are suspended may make it possible to understand why the 
respiratory activity of tissue slices are normally lower than that of homogenates and 
of isolated mitochondria. Since osmotic pressure within the cell seems to be higher than 
the osmotic pressure of blood, as was suggested by OPIE and as is shown also by the 
fact that mitochondria have a spherical shape in media which are isotonic for red cells, 
this fact may represent an important physiological mechanism for the regulation of the 
respiratory processes. 

Further experiments on these problems are in progress. 

S U M M A R Y  

i. The  ac t ion  of med ia  of different  osmot ic  ac t iv i ty  on t he  morphology ,  enzymic  ac t iv i t ies  and  
nucleic  acids  c o n t e n t  of isolated mi tochondr i a  was inves t iga ted .  

2. Disti l led wa te r  and  hypo ton ic  so lu t ions  p roduce  swelling of mi tochondr i a  wi th  consequen t  
increase  in size. H y p e r t o n i c  so lu t ions  p roduce  only  a s l ight  decrease of size. Resuspens ion  of p rev ious ly  
dist i l led wa te r - t r ea t ed  mi tochondr i a  in hype r ton i c  so lu t ions  does no t  p roduce  t he  r e tu rn  to the  rod- 
like shape  t h a t  is pecul ia r  for mi tochondr i a  isolated f rom hyper ton ic  solut ions.  

3. Succ inoxidase  ac t iv i ty  of isolated mi tochondr i a  increases  by  di lut ion of the  m e d i u m  and-  
r eaches  m a x i m a l  va lues  in disti l led water .  H y p e r t o n i c  so lu t ions  inhibi t  s t rongly .  I n t e n s i t y  of inhi- 
b i t ion  seems  to be d e p e n d e n t  upon  t he  osmot ic  ac t iv i ty  of suspens ion  media .  

4. I n c u b a t i o n  wi th  disti l led wa te r  p roduces  d i sappearance  of the  accelerat ion of succ inoxidase  
a c t i v i t y  de t e rmined  by  disti l led water .  D i sappea rance  of t he  accelera t ion is enhanced  b y  a gaseous  
e n v i r o n m e n t  of o x y g e n  and  decreased by  a n i t rogen  e n v i r o n m e n t .  

5. I n c u b a t i o n  for 2 hour s  in hype r ton ic  so lu t ions  p roduces  inac t iva t ion  of succ inoxidase  a t  380 C. 
I n a c t i v a t i o n  does no t  occur  a t  2 ° C. 

6. Suspens ion  of mi tochondr i a  in disti l led wa te r  does no t  p roduce  red is t r ibu t ion  of succ inoxidase  
ac t iv i ty ,  which  r ema ins  b o u n d  to the  mi tochondr ia l  sed iment .  

7. D-amino acid oxidase  and  lactic acid oxidase  of m i tochond r i a  are  inhibi ted by  suspens ion  in 
dis t i l led water .  

8. Nucleic acids  are  released f rom mi fochond r i a  as a consequence  of i ncuba t ion  for I h a t  38o C. 
Max ima l  va lues  of release were ob ta ined  wi th  hype r ton ic  (I M) solut ions,  b u t  hypo ton ic  so lu t ions  
and  disti l led wa te r  gave  also h igher  va lues  t h a n  isotonic media .  

9. The  resu l t s  are  discussed,  pa r t i cu la r ly  wi th  regard  to t he  ques t ion  of the  exis tence  of a semi-  
pe rmeab l e  m e m b r a n e  in mi tochondr ia .  

RI~SUMI2 

i.  L ' a c t i on  de mi l ieux d ' ac t iv i t6s  o s m o t i q u e s  diff6rentes sur  la morphologie ,  les act ivi t~s  
e n z y m a t i q u e s  et  la t eneu r  en acides nucMiques  de mi tochondr ies  isol6es, a 6t6 6tudi~e. 

2. L ' e a u  distilMe et  les solut ions  h y p o t o n i q u e s  p rodu i sen t  u n  gonf lement  des mi tochondr ies ,  
don t  la faille a u g m e n t e .  Des solut ions  h y p e r t o n i q u e s  ne  p rodu i sen t  q u ' u n e  16g~re d iminu t i on  de la 
taille. L a  mise  en suspens ion ,  dans  des so lu t ions  hype r ton iques ,  de mi tochondr ies  p r6a l ab lemen t  
t ra i t6es  pa r  l ' eau  distilMe, n ' e s t  pas  suivie d ' u n  r e t ou r  A la forme en ba tonne t s ,  part iculi~re a u x  
mi tochondr ie s  isoMes de solut ions  hyper ton iques .  

3. L 'ac t iv i t6  de la succ inoxydase  des  mi tochondr i e s  isol6es a u g m e n t e  avec la di lut ion du milieu, 
et  est  m a x i m u m  dans  l ' eau distill6e. Les  so lu t ions  h y p e r t o n i q u e s  la d i m i n u e n t  fo r t ement .  L ' in tens i t6  
de cet te  inhibi t ion  d6pend de l 'act ivi t~ o s m o t i q u e  du milieu de suspens ion .  

4. L ' i n c u b a t i o n  dans  l ' eau distill6e en t r a l ne  la d ispar i t ion  de l 'accdl6rat ion de l ' ac t iv i t6  succin-  
oxydas ique ,  p rodu i t e  pa r  l ' eau  distill6e. Ce ph~nom~ne  est  p lus  ma rqu6  en a t m o s p h e r e  d 'oxyg~ne  
q u ' e n  a t m o s p h e r e  d 'azote .  

5. L ' i n c u b a t i o n  p e n d a n t  2 heures  ~ 380 C, en so lu t ion  hyper ton ique ,  inact ive  la succ inoxydase .  
Cet te  inac t iva t ion  n ' a  pa s  lieu 5~ 2 ° C. 

6. La  mise en suspens ion  des mi tochondr i e s  dans  l ' e au  distill~e n ' en t r a ine  pas  de red is t r ibu t ion  
de l 'ac t iv i t6  succ inoxydas ique ,  qu i  res te  li6e aUX mi tochondr ies .  

7. La  D-aminoacide  oxydase  et  la l ac t ique  acide o x y d a s e  des mi tochondr ies ,  son t  inhib6es pa r  
la mise  en suspens ion  dans  l ' eau  distill6e. 
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8. Des acides nucldiques  son t  libdrds des mi tochondr ies  apr~s incuba t ion  p e n d a n t  I heure  5~ 38 ° C 
La  l ibdration est  m a x i m u m  dans  les so lu t ions  h y p e r t o n i q u e s  (I M) mais  elle est  p lus  forte dans  de s 
solut ions h y p o t o n i q u e s  et  l ' eau  distilMe que  dans  un  milieu isotonique.  

9. Les  r6su l ta t s  son t  discutds,  pa r t i cu l ib rement  du po in t  de vue  de l ' ex is tence  d ' u n e  m e m b r a n e  
semi-permdable  des mi tochondr ies .  

Z U S A M M E N F A S S U N G  

I. Es  wurde  die W i r k u n g  yon Medien mi t  versch iedener  osmotisct~er Akt iv i t / i t  au f  die Mor- 
phologie,  die e n z y m a t i s c h e  Akt iv i t / i t  u n d  den Nucle ins / iuregehal t  isolierter Mi tochondr ien  un t e r such t .  

2. Dest i l l ier tes  W a s s e r  und  hypo t on i s che  L 6 s u n g e n  erzeugen ein Schwellen der Mitochondr ien ,  
das  mi t  e inen Z u n a h m e  der Gr6sse v e r b u n d e n  ist. Hype r t on i s che  L 6 s u n g e n  erzeugen n u r  eine geringe 
A b n a h m e  der Gr6sse. Suspend ie r t  m a n  die zuers t  mi t  des t i l l ier tem W a s s e r  behande l t en  Mitochondr ien  
wieder in h y p e r t o n i s c h e n  LSsungen ,  so bi ldet  sich n i ch t  die s t / ibcheni ihnl iche F o r m  zuriick, die den 
aus  hype r ton i s chen  L 6 s u n g e n  e rha l t enen  Mi tochondr ien  eigen ist. 

3. Die Succ inoxydaseak t iv i t~ t  isolierter Mi tochondr ien  n i m m t  mi t  der Verd f innung  des Mediums  
zu und  erre icht  in des t i l l ie r tem W a s s e r  Maximalwer te .  Hype r ton i s che  L 6 s u n g e n  wirken s t a rk  hem-  
mend .  Die Intensit~it  der  H e m m u n g  sche in t  yon  der o smot i schen  Akt iv i t / i t  des S u s p e n s i o n s m e d i u m s  
abh~ingig zu sein. 

4. Bei I n k u b a t i o n  mi t  des t i l l ier tem W a s s e r  ve r schwinde t  die du rch  dest i l l iertes W a s s e r  bewirkte  
E r h 6 h u n g  der Suec inoxydaseakt iv i t i i t .  Das  Verschwinden  dieser E r h S h u n g  wird in einer Sauerstoff-  
gasphase  noch  befSrder t  u n d  in einer St icks tof fphase  ve r l angsamt .  

5. Zweist i indige I n k u b a t i o n  in h y p e r t o n i s c h e n  L 6 s u n g e n  erzeugt  eine I n a k t i v i e r u n g  der Succin- 
oxydase  bei 38°. Die I n a k t i v i e r u n g  t r i t t  n ich t  bei 2 ° ein. 

6. Eine Suspens ion  yon  Mitochondr ien  in dest i l l ier tem Wasse r  e rzeugt  keine Wiede rve r t e i lung  
der Succ inoxydaseakt iv i t i i t ,  sie bleibt  an  den  Mi tochondr ienn iedersch lag  gebunden .  

7. Die D-Aminos~iureoxydase u n d  die Milchs / iureoxydase  der Mi tochondr ien  werden  d u t c h  Sus- 
pension der Mi tochondr ien  in dest i l l ier tem W a s s e r  g e h e m m t .  

8. Als eine Folge der  e ins t t indigen I n k u b a t i o n  bei 38° werden  Nucle ins i iuren aus  den  Mito- 
chondr ien  in Fre ihe i t  gesetzt .  Max ima lwer t e  der  F re i se t zung  werden  mi t  h y p e r t o n i s c h e n  L 6 s u n g e n  
(I M) erhal ten,  aber  hypo ton i sche  LSsungen  und  dest i l l iertes W a s s e r  geben ebenfal ls  hShere  W e r t e  
als i sotonische Medien.  

9. Die Ergebnisse  werden  teilweise im Hinbl ick  auf  die Frage  der Ex i s t enz  einer s emipe rmeab len  
M e m b r a n  in den  Mi tochondr ien  besprochen.  
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