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ABSTRACT 

Sustained contraction (dehydration) of rat liver mitochondria can be readily produced by 
increasing the tonicity of the outside media, provided Ca ++ is removed by EDTA, fatty 
acids are removed by albumin, and a source of chemical energy (mitochondrial substrate 
or ATP) is present. This was demonstrated both gravimetrically and turbidimetrically. It 
was also demonstrated that the net movement of sucrose and H20 under altered conditions 
of tonicity in mitochondria was dependent on the state of the mitochondria; e.g., in the 
presence of EDTA, diffusion was blocked, both into and out of mitochondria, whereas, in 
the presence of EDTA and electron-transport substrates, movement of sucrose and water 
out of mitochondria was increased. In the presence of Ca ++, gramicidin, or fatty acids, 
diffusion of sucrose into and out of mitochondria is very rapid. Mitochondria obey osmotic 
law only after Ca++ and fatty acids are removed from them. 

I N T R O D U C T I O N  

Tedeschi et al. have shown that liver mitochon- 
dria, prepared in isotonic sucrose-EDTA (ethyl- 
enediamino-tetraacetic acid), obey osmotic 
(Boyle-van't HolT) law (1). Tedeschi (2) has also 
shown that mitochondria prepared in sucrose 
without EDTA tend to obey osmotic law. How- 
ever, obedience to this law is short-lived, especially 
under hypotonic conditions. If mitochondria were 
contracted by raising the osmotic or ionic strength, 
contraction lasted only 1 minute, and this was 
followed by a very rapid swelling rate. No ex- 
planation of this rapid swelling was apparent, but 
presumably could not be the result of osmotic 
changes. It is also known (3) that mitochondria 
can be made to contract maximally in solutions of 
essentially pure water. Thus, it appears that al- 
though mitochondria do obey osmotic law under 
some conditions, it seems unlikely that all mito- 
chondrial size changes can be entirely explained 
in osmotic terms. 

Data in this report indicate that mitochondria 
can be made to obey osmotic law under a wide 
variety of osmotic conditions, provided liberated 
Ca ++ and fatty acids are removed from the media, 
and, under some conditions, provided a source of 
chemical energy is present. The rapid swelling, 
observed by Tedeschi (2), which followed osmotic 
contraction, can be completely eliminated if 
EDTA and serum albumin are present in the 
buffer. Furthermore, the diffusibility of sucrose, 
salts, and water, both into and out of mitochon- 
dria, under conditions of altered concentrations, 
is shown to be differentially controlled by EDTA, 
serum albumin, and chemical energy. For exam- 
ple, Ca ++ and fatty acids markedly increase the 
permeability of mitochondria to sucrose in both 
directions (into and out of the mitochondria). 
EDTA decreases permeability in both directions. 
However, EDTA plus chemical energy decreases 
diffusion of sucrose into mitochondria, but in- 



creases  d i f fus ion  of  sucrose  o u t  of  m i t o c h o n d r i a .  

Likewise,  i t  is s h o w n  tha t ,  in t he  p resence  of  C a  ++ 

or  fa t ty  acids,  osmot ic  c o n t r a c t i o n  of  m i t o c h o n d r i a  

does  n o t  occur .  I f  Ca++ a n d  fa t ty  ac ids  a re  re-  

m o v e d  by  E D T A  a n d  a l b u m i n ,  osmot ic  c o n t r a c -  

t ion  r e tu rns .  T h u s ,  C a  ++ a n d  fa t ty  ac ids  a re  n o t  

c a u s i n g  lysis of  m i t o c h o n d r i a ,  b u t  r a t h e r  a re  re-  

vers ib ly  c h a n g i n g  t he  s e m i p e r m e a b l e  m i t o c h o n -  

dr ia l  m e m b r a n e s  f r o m  a s e m i p e r m e a b l e  m e m -  

b r a n e  in to  ones  t h a t  r ap i d l y  equ i l i b r a t e  w i th  

L o m b  colorimeter  No. 340, and  gravimetrical ly,  
us ing the  me thods  of Amoore  and  Bartley (5). 

For the  gravimetr ic  assays, mi tochondr ia  were 
sed imented  at 5 ° at  12,000 g for 10 minu tes  in the 
No. 40 rotor  of a Spinco Model  L centrifuge. T h e  
centr i fuge tubes  were then  dra ined  by inversion for 5 
minutes ,  and  sides of  tubes  wiped dry  with absorbent  
tissue. T h e  tubes  were weighed before and  after 
sed imenta t ion  of the  mi tochondr ia l  pellet. Extra-  
mi toehondr ia l  con ten t  of buffer  (space) was assayed 
in all condit ions of these experiments ,  using E D T A -  
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FmVRE 1 Contraction of Mitochondria by E D T A  and sucrose. Fresh mitochondria, prepared according to 
Hogeboom (4), from liver obtained from ~00-gram rats  were incubated in 3 ml of 0.03 Tris HC1 pH 7.3, 
with and  without  Tris-succinate, 5 X 10 -4 M, a t  25 °. At  l0 minutes ,  Mg  ++ E D T A  (~ X l0 4 M pH 7.3) 
was added. ( . . . . . .  E D T A  addition). At  ~0 minutes ,  0.07 ml  of 1 M sucrose (with and without  serum 
albumin, 0.05 ml of a solution containing 30 mg/ml )  was added. Absorbance was followed a t  5~0 mu. All 
solutions were buffered a t  pH  7.3 with Tris. Total  volume of each incubation was kept  constant  by addi- 
tion of appropriate amounts  of water. Similar experiments were done containing more mitochondria in 
larger volumes of buffer, and mitochondrial  weights were obtained by centrifugation a t  10 minutes ,  15 
minutes ,  and 30 minutes.  In  all cases, the change in weight of the  mitochondrial  pellets was linearly pro- 
portional to the  change in absorbance. Antimycin,  ~ ug /ml ,  was added to duplicates of all incubations a t  
17 minutes .  No difference in osmotic contraction was observed in the presence or absence of antimycin.  
Therefore, only one set of data  is plotted in the figures. Absorbance is plotted on the ordinate and t ime 
on the abscissa. Time of addition is indicated by the arrows. 

sucrose  a n d  salts. I t  is f u r t h e r  d e m o n s t r a t e d  tha t ,  

for m e t a b o l i c  c o n t r a c t i o n  of  m i t o c h o n d r i a  to 

occur ,  the  m i t o c h o n d r i a l  m e m b r a n e s  m u s t  be  

m a i n t a i n e d  in  a s e m i p e r m e a b l e  state.  

M E T H O D S  

Mi tochondr i a  were isolated f rom the livers of  Os- 
bo rne -Mende l  rats,  weighing  180 to 200 grams,  
according to the  m e t h o d  of Schneider  and  H o g e b o o m  
(4). Two washings  wi th  0.25 M sucrose, 0.02 M Tris  
p H  7.3, were done.  

W a t e r  m o v e m e n t  in mi tochondr ia  was followed 
both  turbidimetr ical ly  at 520 m# ,  us ing a Bausch and  

C 14, and  found to be about  17.5 per cent  of the  water  
space. T h e  var ia t ion observed was f rom 16.2 to 19.3 
per cent.  This  agrees well wi th  the  results of Werk-  
heiser et al. (6), who used polyglucose to assay the 
ext rami tochondr ia l  space, and  with Jackson  and  
Pace (7). U n d e r  the  condit ions of these exper iments ,  
good ag reement  between the turbid imetr ie  and  the  
gravimetr ie  me thods  was obta ined  in all condit ions.  

MEASUREMENTS : Soluble protein  was measu red  
both  turbidimetr ica l ly  (8) and  colorimetrical ly (9); 
Ca  ++, by f lame pho tome t ry  at 620 m/~ in nitric acid 
digests, us ing the  Zeiss spec t rophotometer ;  and  
sucrose by the  me thod  of K u l k a  (10). 
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R E S U L T S  

The  da ta  in Fig. 1 indicate  tha t  mi tochondr ia ,  
p repared  in the absence of E D T A  and  incubated,  
e i ther  isotonically ( l 1 ), or in very low osmotic and  
ionic s t rength buffer, can  be contracted by succi- 

na te  and  EDTA.  Addi t ion  of 0.03 M sucrose 
causes fur ther  contract ion,  and  this contrac t ion is 
sustained if serum a lbumin  is present. Osmotic  
cont rac t ion  also occurs in the presence of succi- 
na te  wi thou t  EDTA.  However,  this contrac t ion is 
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small and  is followed by swelling, bo th  in the 
presence and  absence of a lbumin.  Cont rac t ion  by  
sucrose wi thou t  substrate and  E D T A  is min imal  
and  not  sustained. 

Osmotic  contrac t ion is no t  inhibi ted  by ant i -  
mycin,  oligomycin, or both,  if the inhibi tors  are 
added after the addi t ion of subs t ra te -EDTA 
(Fig. 1). However,  addi t ion of an t imycin  prior  to 
addi t ion of succinate (5 minutes)  completely 
blocked the effects of succ ina te-EDTA contrac-  
tion, bu t  not  osmotic contract ions (11). Osmotic  
cont rac t ion  can  also be obta ined  by  addi t ion of 
0.03 ~ KC1 or NaCI. (These results are not  pre- 
sented, bu t  are the same as those presented in 
Fig. 1 for sucrose). 

Osmotic  contrac t ion by sucrose or salts is 
blocked by  the previous addi t ion  of excess Ca++ 
to the m e d i u m  despite the fact tha t  EDTA,  in 
excess of Ca ++, is added after swelling has oc- 
curred (Fig. 2). However,  addi t ion of substrate 

completely overcomes the inhib i t ion  due to Ca ++ . 

Addi t ion  of E D T A  alone causes some contract ion,  

bu t  this is amplified by  addi t ion  of sucrose 
(Fig. 1). However,  if mi tochondr ia  are repeatedly 
washed wi th  sucrose or aged for 12 hours  at  0 °, 

no contract ion by E D T A  occurs, unless substrate  

is added. Subs t ra te -EDTA contrac t ion is readily 

blocked by ant imycin,  bu t  no t  by  oligomyein (11). 

I f  oleic or palmit ic  acid, 2 X 10 -s  M, are added  

unde r  the conditions of Fig. 2, no contrac t ion en- 

40 Min. 

Fmun~ ~ Effect of Ca ++, albumin, sueei- 
hate, and E D T A  on sucrose contraction. Buffer, 
0.0~25 M sucrose, 0.0~ M Tris pH 7.3. In- 
cubations were performed as in Fig. 1. The 
Ca ++ concentration was 10 -4 M and sueeinate 
5 X 10 -4 ~. At 10 minutes, enough sucrose 
was added to make the final concentration of 
sucrose 0.11 M. Mg ++ EDTA, 10 -4 M (final 
concentration), and albumin 0.5 mg/ml (final 
concentration) was added at 10 minutes to 
the tubes indicated . . . . . . .  Sueeinate and 
EDTA, or EDTA -t- albmnin -b sucrose ad- 
dition at  10 minutes. - -  = sucrose ad- 
dition only at  10 minutes to each of the 4 in- 
cubations. 

sues after the addi t ion of substrate,  EDTA,  and  
sucrose. Addi t ion  of serum a lbumin ,  1 m g / m l ,  
completely el iminates the fatty acid inhibi t ion.  
These da ta  are no t  presented since they are 
identical  to those presented in Fig. 2 for Ca ++ 
and  EDTA.  I t  can be seen (Fig. 2) t ha t  a l bumin  
is necessary to ma in t a in  maximal  cont rac t ion  
when  no fat ty acids are added.  This  is expected,  
since it is known tha t  mi tochondr ia  do l iberate  
fatty acids dur ing  incubat ion,  especially unde r  
hypotonic  conditions or in the absence of sufficient 
A T P  to reesterify the l iberated fatty acids (11, 3). 

In  Tab le  I are listed a n u m b e r  of mi tochondr ia l  
swelling agents which  also inh ib i t  sucrose con- 
traction. However,  inhib i t ion  of osmotic contrac-  
t ion by  these agents, except gramicidin,  tyroci- 
dine, and  sucrose, can  be a t  least part ial ly over- 
come by addi t ion  of E D T A  along wi th  the su- 
crose. Addi t ion  of a l bumin  as well as E D T A  is 
necessary for sustained contract ion (Figs. 1 and  2). 
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Since high concentra t ions  of sucrose inhib i t  
osmotic contract ion (Table  I), as well as A T P  or 
substrate cont rac t ion  (3), the a p p a r e n t  KI ' s  for 
sucrose inhibi t ion for these two types of contrac-  
t ion were compared.  Mi tochondr ia  were swollen 
with succinate in various concentra t ions  of su- 
crose, and  the rates of contrac t ion in the presence 
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FIGURE 8 Contraction of  mitochondria i n  sucrose - 

succinate. Rat liver mitochondria were preincubated 
for 15 minutes in varying concentrations of sucrose in 
8 ml of Tris buffer, containing 5 X 10 -a M succinate 
as indicated. At 15 minutes, all mitochondria had 
swol]en approximately the same, from an initial ab- 
sorbance of 0.7 to 0.45. At this point, Mg ++ EDTA, 

X 10 -4 M, was added. Shrinkage was expressed as 
absorbance at 5~0 m#. At 25 minutes, ~ 0  #moles 
of sucrose was added to each tube in a volume of 0.04 
ml. Absorbance at 5~0 m# was plotted from 15 to 35 
ufinutes. 

of E D T A  and E D T A  plus sucrose were compared.  
A concent ra t ion  of 0.08 M sucrose inhibi ted  bo th  
substrate and  osmotic contract ion by approxi-  
mately 50 per  cent  (Fig. 3). However,  cont rac t ion  
by sucrose is only slightly inhibi ted  in the presence 
of o ther  osmotic conditions, such as isotonic KC1 
or NaCI (Table  I). T he  inhibi t ion  of osmotic 
cont rac t ion  by  sucrose is, therefore, not  re lated to 
the init ial  osmolality of the buffer, bu t  to sucrose 
itself. This  inhibi t ion of contract ion by sucrose is 
strikingly t empera tu re  dependent .  If  incubat ions  
are done at  23 ° in the presence of a h igh concen- 
t ra t ion  of sucrose, and  then the t empera tu re  
quickly raised to 38 ° , metabol ic  contrac t ion 

prompt ly  occurs (Table  II) .  This  contract ion re- 

quires ei ther substrate and  EDTA,  or ATP.  For 
comparison, similar da ta  on contrac t ion obta ined 
from mi tochondr ia  incuba ted  in water  are pre- 
sented in Tab le  II .  The  degree of contract ion 
obta ined in sucrose in the presence of A T P  at  
38 ° is essentially equal  to tha t  obta ined in water.  

In  an  effort to study fur ther  the role of the 
mi tochondr ia l  m e m b r a n e  on changes in size of 
mi tochondr ia ,  the movement  of sucrose, protein,  
Ca -~ ,  and  water  into and  out  of mi tochondr ia  
dur ing  extreme osmotic changes was assayed 
(Table  I I I ) .  Mi tochondr ia  were first equi l ibra ted 
wi th  buffer of low osmotic activity a t  5 ° (Table  
I I I  A) and  then quickly exposed to buffer of h igh 
osmotic activity (sucrose, Table  I I I  B). Since 
10 minutes  was required to isolate the mito-  
chondr ia  from the buffer, initial rates could not  
be obtained.  However,  the da ta  clearly indicate  
tha t  mi tochondr ia  under  differing conditions do 
not  obey osmotic law. E D T A  slows the rate a t  
which sucrose diffuses out  of mi tochondr ia .  Like- 
wise, swelling by buffer of low osmotic activity is 
blocked by EDTA.  Contrac t ion  by buffer of h igh 
osmotic activity also requires E D T A  (Table  
I I I  B). These effects of E D T A  on mi tochondr ia l  
water  movemen t  are amplified by ei ther  suc- 
cinate or ATP.  However,  whereas E D T A  im- 
pedes the outflow of sucrose under  hypotonic  
conditions, the addi t ion of succinate or A T P  with 
E D T A  overcomes this inhibi t ion by EDTA.  Also, 
under  bo th  conditions of osmotic stress, ei ther 
A T P  or succinate blocks the removal  of Ca -H- 
from the mi tochondr ia  by EDTA. E D T A  also 
blocks the loss of protein from mi tochondr ia  when  
the outside osmotic pressure is quickly raised. 
This  effect of E D T A  is fur ther  accentua ted  by 
succinate or ATP.  The  da ta  in Tab le  I I I  B fur ther  
indicate  that ,  a l though sucrose rapidly equi- 
l ibrates with  mi tochondr ia l  water  when  the con- 
centra t ion of sucrose is quickly increased in the 

buffer, a source of energy, as well as EDTA,  is 

required for maximal  osmotic contraction.  In  the 

presence of succinate alone, increasing the outside 
osmotic pressure actually increases swelling, and  
also increases the loss of Ca ++ and  protein from 
the mitochondria .  Thus,  i t  is clear tha t  not  only 

can  swelling of mi tochondr ia  under  extreme con- 
ditions of hypotonici ty be blocked by E D T A  and 

an  energy source, bu t  also tha t  m a x i m u m  osmotic 

contract ion of mi tochondr ia  requires the presence 
of energy and  EDTA.  
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D I S C U S S I O N  

Osmotic contraction of mitochondria  at 23 ° does 
not occur in the presence of Ca "H-, fatty acids, 

gramicidin, or high concentrations of sucrose. 

These agents, likewise, block metabolic contrac- 
tion. The data  in this paper  indicate that  freshly 

isolated mitochondria do possess a semipermeable 

membranes  to a semipermeable state. Likewise, 

metabolic contraction of mitochondria (either by 

ATP or succinate-EDTA) also requires that  mito- 

chondrial membranes  be maintained i n  a semi: 

permeable state. 

I t  is highly unlikely that  metabolic contraction 

is the result of the differential movement  of ions 

T A B L E  I 

Absorbance X 1000 

0 to 5 rain. 5 to 6 rain. 6 to 15 rain. 

Additions --EDTA --EDTA +EDTA --EDTA 

Buffer-0.015 M Sucrose 

I. Control --60 +90 +100 --170 
2. Succinate 2 X 10 -4 M --130 +40 +250 --90 
3. Ca -H" 3 X 10 -4 M --210 +10 +45 - 4 0  
4. Cysteine 5 X 10 -4 M --180 +85 +110 --145 
5. Tyrocidine 3 #g /ml  -- 170 0 0 -- 70 
6. Gramacidin 2/zg/ml --190 0 0 --50 
7. Thyroxine 5 X 10 -5 M --120 +15 +65 --80 

Buffer-0.05 M Sucrose 

8. - -  --95 +15 +25 --80 

Buffer--0.25 M Sucrose 

9. Control --20 0 0 --30 
10. Succinate 2 X 10 -4 M --95 +10 +15 --15 

Buffer-4).025 M KC1 

11. Control -- 100 +70 +85 -- 140 

Buffer-0.125 M KC1 

12. Control --20 +60 +95 --70 
13. Succinate --110 +30 +195 --80 

0.11 M Sucrose added + and -- EDTA, 2 X 10 -4 M after 5 rain. to each tube. 
Liver mitochondria  obtained from 0.15 gm of liver were incubated for 5 minutes in 
the buffer indicated, at 25 °. All tubes contained 0.02 M Tris pH 7.3. Swelling is recorded 
as --absorbance X 1,000 from 0 to 5 minutes, 5 to 6 minutes, and 6 to 15 minutes. Enough 
sucrose, or sucrose plus Mg++EDTA, was added at 5 minutes to increase the final 
sucrose concentrat ion by 0.11 M, and contraction is expressed as +absorbance  X 1,000. 

membrane.  However, during incubation, Ca ++ 
slowly leaks from mitochondria and fatty acids 
accumulate in mitochondria  in the absence of 
energy, and the semipermeable membranes  of the 
mitochondria  become more and more leaky. This 
process is reversible, but  requires both the removal 
of Ca -H- and fatty acids, as well as a source of 
chemical energy, for maximal reversal of the 

through these semipermeable membranes ,  since 
this contraction can occur in the almost complete 

absence of ions, other  than a small concentrat ion 
of Tris buffer (0.02 M). Osmotic or metabolic con- 
traction can also be obtained in water  which con- 
tains no buffer or ions other than albumin 
and EDTA (unpublished data). 

No explanation of how chemical energy mimics 
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osmotic dehydrat ion of mitochondria is apparent  

from the data in this report. Ohnishi and Ohnishi 
(12) have implied that  the "contracti le protein" 

of mitochondria may be the source of the energy 
for dehydration.  This is a possible explanation. 
However, if the contractile protein is involved, 
one must conclude from these data either that  
this contractile protein is what  is responsible for 

agents is not to liberate fatty acids or Ca -H- fl'om 
mitochondria,  but  must act by altering the semi- 

permeable properties of the membranes  in some 
way, since osmotic contraction is also blocked by 

these agents. 
The nature of inhibition of both osmotic and 

metabolic contraction by high concentrations of 
sucrose is not clear from these data. However,  

T A B L E  II 

Contraction oJ Mitochondria by Heat in Sucrose and H20 

Additions 

Buffer-0.22 M Sucrose 
0.02 ~ Tris Buffer --0.02 ~ Tris 

AAbs. X AAbs. X 
1000 1000 AAbs. AAbs. 

0 to 10 10 to 15 0 to 10 10 to 15 
rain. min. min. min. 
23  ° 3 8  ° 23  ° 38  ° 

Control --60 --220 -190  - 7 0  

Succinate 2 X 10 -4 M --190 --80 --270 +40 

Succinate 2 X 10 -4 M + Mg++ 10 -3 u --150 --60 --180 +80 

EDTA 2 X 10 -4 M --40 --25 --100 --60 

Succinate 2 X 10 -4 M EDTA 2 X 10 -4 ~t --135 +25 --180 +105 

ATP 10 -3 u --40 +55 --100 +40 

ATP 10 -3 M + Antimycin 3 #g/ml  --40 +60 --80 +50 

Succinate 2 X 10 -4 M + Antimycin 3 #g/ml  -- 140 -- 140 -- 230 -- 35 

Aliquots of fresh mitochondria  were incubated as in Table I, either in 0.22 M sucrose 
or in water for 10 minutes at 23 °. Change in absorbance at 520 m# was followed, 
and the change in absorbance recorded in column 1 for each buffer. The temper- 
ature of the incubation mixture was quickly raised to 38 ° by shaking in a water bath  
for 5 minutes, and the change in absorbance recorded at the end of this 5 minutes. 
This information is in column 2 for each buffer. All additions were at 0 time, except 
EDTA and antimycin, which were added at 5 minutes. When incubated in 0.02 M Tris, 
the contraction produced by addition of EDTA was maximal and had plateaued before 
the temperature was elevated. The numbers in the graph represent only the additional 
contraction produced by the increase in temperature.  

the maintenance of the semipermeable properties 
of mitochondrial  membranes,  or else that  Ca ++, 
fatty acids, and basic polypeptides block both the 
osmotic as well as the contractile factors in 
mitochondria.  

The basic polypeptides, tyrocidin and grami- 
cidin, completely block metabolic or osmotic 
contraction (Lehninger, 3, and Table I), and this 
inhibition is not affected by either albumin or 
EDTA. Thus, the role of these types of swelling 

since both osmotic contraction as well as meta-  
bolic contraction are inhibited by sucrose, the 
mode of action of sucrose must be to alter the 
semipermeable property of the membranes.  The 
data  in Table I indicate that  addit ion of sucrose 
to the outside of the mitochondria,  under  either 
isotonic or hypotonic conditions (KC1), does pro- 
duce a marked contraction of the mitochondria.  
Thus, inhibition of contraction by sucrose is not 
related to the initial osmolality of the solution. 
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T A B L E  I I I  

Net Flux of Sucrose, Protein, Ca ++, and H20 in Mitochondria during Osmotic Stress 

Sucrose Sucrose H20 Protein 
content conc. content in buffer Ca ++ % 

Additions mg in/out mg mg Bound 

A Buffer 0.025 M Sucrose-0.02 ~ Tris p H  7.3 

0 T ime  5.05 0.91 65.0 1.25 56 

None  1.11 1.45 77.2 1.45 78 

Succinate  5 X 10 - a  M 1.22 1.60 75.2 1.41 95 

E D T A  2 X 10 -4 M 1 .92 2.7 71 .1 1 .62 26 

EDTA-2  X 10 -4  M + Succinate  5 X 10 -4 M 1.01 1.43 69.8 1.72 57 

ATP-2 X 10--4M --~ EDTA-2  X 10-~M 1.34 1.78 68.1 1.53 55 

B Sucrose a d d e d - - F i n a l  conc.-0.23 M 

Addition 

None  6.81 1.17 76.2 2.32 57 

Succinate  5 X 10--4M 8.12 1 .24 83.4 2.75 48 

E D T A  2 X 10 -4 M 5.83 1.22 61.1 2.15 0 

E D T A  q- Succinate  4.87 1.09 56.6 1.89 15 

ATP-2 X 10--4M "~ EDTA-2  X 10--4M 4.95 1 .15 55.5 1 .85 32 

0.5 ml of m i tochondr i a  in 0.25 M sucrose, ob ta ined  f rom 1 gm of ra t  liver, was added to 
4.5 ml of  0.02 M Tris  p H  7.3 at 5 °, con ta in ing  the addi t ions as indicated.  The  column,  
labeled 0 time, indicates mi tochondr i a  which  were di luted to 5 ml of 0.25 M sucrose, 
and centr i fuged immedia te ly .  These  da ta  represent  the state of the mi tochondr i a  
immedia te ly  before they were  placed in the hypoton ic  buffer.  Six dupl icate  incubat ions  
were pe r fo rmed  s imul taneous ly .  Th ree  incubat ions  were  centr i fuged after 1 minu te  at 
10,000 g at 0 ° for l0 minutes .  Sucrose,  enough  to make the final concen t ra t ion  of suc- 
rose 0.23 M, was added to the o ther  three incubat ions ,  after incuba t ion  for 1 minu te  
at 5 ° , and then  centr i fuged immediate ly .  The  centr ifuge tubes were wiped dry  and the 
mi tochondr ia l  pellets weighed immedia te ly  after cent r i fugat ion .  The  pellets were then 
sonicated at 40,000 kc wi th  a Branson Sonifer in 2 ml of 0.01 M Na  acetate p H  4.5 for 
30 seconds. Sucrose,  Ca "~+, and pro te in  were measured  as stated. Dry  weight  of mito-  
chondr i a  was ob ta ined  by desiccat ing similar  pellets over P205 in a v a c u u m  unt i l  
cons tan t  weights  were  obta ined.  W a t e r  con ten t  of  m i tochondr i a  was expressed as the 
difference be tween  wet  weight  and  dry  weight.  Ca ++ content  was expressed as tha t  
per  cent of total  Ca++ in the incuba t ion  recovered in the mi tochondr ia l  pellets. The  
init ial  average concen t ra t ion  of Ca ++ wi th in  the mi tochondr i a  at 0 t ime was 2.1 X 
10 -2 M. All t r ipl icate  de te rmina t ions  did not  vary  by more  t han  12 per  cent. Da ta  in 
Tab le  I I I A  were those ob ta ined  f rom mi tochondr i a  in which  sucrose was diffusing 
out. Tab le  I I I  B shows da ta  on mi tochondr i a  in which  sucrose was diffusing into the 
mi tochondr ia .  The  co lumn labeled "Sucrose  cone. i n / o u t "  represents  the ra t io  of the 
concen t ra t ion  of sucrose in the mi tochondr ia l  pellet to that  of the outside buffer.  No 
correc t ion  was made  for the ex t rami tochondr ia l  space, since this space was cons tan t  
(15 to 20%) in all cases. 
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High concentrations of sucrose must, therefore, in 
some way stabilize or "freeze" mitochondrial  
membranes, in such a way that they no longer can 
respond to osmotic changes. The data in Table I I  
offer some support to this concept, since, by simply 
raising the temperature of the incubations to 38 ° 
(thawing), contraction of mitochondria in the 
presence of a high concentration of sucrose can be 
readily demonstrated. 

Thus, it is concluded that mitochondrial mem- 
branes do behave like semipermeable membranes, 
and the permeability of the membrane can be 

R E F E R E N C E S  

1. TEDESCHI, H., and HARRIS, D. L., Arch. Biochem. 
and Biophys., 1955, 58, 52. 

2. TEDESCHI, H., Biochim. et Biophysica Acta, 1961, 
46, 159. 

3. LEHNINCER, A. L., Physiol. Rev., 1962, 42, 467. 
4. HOGEEOOM, G. H., SCHNEIDER, W. S., and 

PALADE, G. E., J. Biol. Chem., 1948, 172, 619. 
5. AMOORE, J.  E., and BARTLEY, W., Biochem. J., 

1958, 69,223. 
6. WERKHE1SEa, W. C., and BARTLEY, W., Biochem. 

J., 1957, 66, 79. 

strikingly altered by small amounts of Ca ++ or 

fatty acids. Since Ca ++ and fatty acids are sub- 
stances which are constantly liberated from these 

mitochondria (11), incubation of isolated mito- 
chondria rapidly leads to alterations of mito- 

chondrial membrane permeability. Furthermore,  

it has been shown that metabolic contraction of 

mitochondria, in the absence of added ions, can 

occur only if the membranes are maintained in a 
semipermeable state. 

Received for publication, October 24, 1963. 

7. JACKSON, K. L., and PACE, N., J. Gen. Physiol., 
1956, 40, 47. 

8. KUNITZ, M., J. Gen. Physiol., 1952, 35, 423. 
9. LOWRY, O. H., ROSESROUGH, N. J., FARR, A. L., 

and RANDALL, R. J., J. Biol. Chem., 1951, 
193,265. 

10. KULKA, R. G., Biochem. J., 1956, 63, 542. 
11. LYNN, W. S., BROWN, R. H., and FORTNEY, S. R., 

J. Cell Biol., 1964, 23, 9. 
12. OHNISHI, Y., and OHNISHI, T., J. Biochem., 

1962, 51,380. 

8 THE JOURNAL OF CELL BIOLOGY " VOLUME ~8, 1964 


