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The Correlation between Anion-Induced 
Mitochondrial Swell ing and Glutaminase I 

Activity of Guinea Pig Liver 

I n  a p r ev ious  c o m m u n i c a t i o n  1, we r e p o r t e d  t h e  condi -  
t i o n s  neces sa ry  for p h o s p h a t e  a c t i v a t i o n  of g l u t a m i n a s e  I 
of  g u i n e a  pig  l iver  m i t o c h o n d r i a  a n d  sugges ted  t h e  possi-  
b i l i t y  of a co r r e l a t i on  b e t w e e n  a n i o n - i n d u c e d  swel l ing a n d  
t h e  o b s e r v e d  g l u t a m i n a s e  I a c t i v i t y  o f  m i t o c h o n d r i a .  
E v i d e n c e  is p r e s e n t e d  he re  in  f a v o u r  of s u c h  a poss ib le  
cor re la t ion .  

Methods.  M i t o c h o n d r i a  was  p r e p a r e d  in  0.44 M sucrose  
a c c o r d i n g  to  t h e  m e t h o d  of SCHNEIDER 2 a n d  w a s h e d  
th r i ce  w i t h  ice-cold sucrose.  T he  basic  m e d i u m  of  i ncuba -  
t i o n  was  0.44 M sucrose  c o n t a i n i n g  0.05 M V e r o n a l  buf fe r  
p H  7.2. E n z y m e  a c t i v i t y  was  d e t e r m i n e d  b y  m e a s u r i n g  
t h e  a m m o n i a  fo rmed  as "reported p rev ious ly  x, whi le  t h e  
c o r r e s p o n d i n g  swel l ing was  fol lowed b y r e a d i n g  t h e  c h a n g e s  
in  a b s o r b a n c y  a t  520 m~t. M i t o c h o n d r i a  e q u i v a l e n t  to  
a b o u t  75 m g  of we t  t i s sues  were  t a k e n  in  all  cases a n d  
a d d e d  l a s t  to  t h e  s y s t e m s  w~thin 15 m i n  of p r e p a r a t i o n .  
All  a d d i t i o n s  wer  e b r o u g h t  b e f o r e h a n d  to  p H  7-2. Age ing  
of m i t o c h o n d r i a  was  m a d e  b y  p r e i n c u b a t i o n  for  20 ra in  
a t  40°C. 

Results .  A m o n g  the  a n i o n s  t e s t e d  (0.2 M) ,  on ly  phos -  
p h a t e  a n d  a r s e n a t e  p roduced  m a r k e d  swell ing,  w h e r e a s  
s u l p h a t e  was  w i t h o u t  a n y  effect ;  p y r o p h o s p h a t e ,  on  t h e  
o t h e r  h a n d ,  i n h i b i t e d  e v e n  t h e  s p o n t a n e o u s  swel l ing of 
m i t o c h o n d r i a  (Fig.).  T h e  c o r r e s p o n d i n g  g l u t a m i n a s e  ac t i -  
v i t y  i n d i c a t e d  t h a t  p h o s p h a t e  a n d  a r s e n a t e  a c t i v a t e d  t h e  
enzyme ,  whe rea s  s u l p h a t e  p r o d u c e d  a v e r y  s l igh t  increase  
in  ac t i v i t y .  On  t h e  c o n t r a r y ,  p y r o p h o s p h a t e ,  k n o w n  as 
one  of t h e  s t r o n g e s t  a c t i v a t o r  of g l u t a m i n a s e  13, comple t e -  
ly  fa i led to  a c t i v a t e  t h e  e n z y m e  e v e n  w i t h  h i g h e r  concen-  
t r a t i o n  (0-4 M) .  B u t  w h e n  aged  a n d  p reswol len  mi to -  
c h o n d r i a  were  emp loyed ,  b o t h  p y r o p h o s p h a t e  a n d  sul-  
p h a t e  p r o d u c e d  s ign i f i can t  a c t i v a t i o n  of g l u t a m i n a s e  I a t  
37°C (Table  I). 

E f fec t  of t e m p e r a t u r e  v a r i a t i o n  on  p h o s p h a t e - i n d u c e d  
swel l ing  a n d  g l u t a m i n a s e  I a c t i v a t i o n  also s h o w e d  close 
co r r e l a t i on  b e t w e e n  these  t w o  func t i ons  of t h e  an ion .  A t  
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Effect of various anions (0.2 M) on swelling of guineapig liver mito- 
chondria suspended in 0.44 M sucrose - 0.05 M Veronal buffer, 

pH 7,~ at 37°C. 

Tab. I. Anion activation of glutaminase I of guineapig liver mito- 
chondria 

Anions added (0"2 M) 

I. None 
2. Phosphate  
3. Arsenate 
4. Sulphate 
5. Pyrophosphate  

[zg Ammonia formed/h 

Fresh I Aged 
mitochondria mitochondria 

7.2 [ 2.0 
24-0 20.5 
16.2 18-5 

9-6 12-0 
6-8 16-5 

All incubationswere carried out with L-glutamine (5 X 10-3 M), 
at pH 7"7 and temperature 37°C. 

Tab. II. Inhibition of phosphate (0.2 M) induced swelling and glu taminase I activation of guineapig liver mitochondria 

Inhibitors added 

1. None 
2. KCN (0-1 M) 
3. NuN s (0'2 ivl) 
4. Na-Amyta l  (0.01 M) 
5. Ant imycin  A (5 [zg) 
6. Sucrose (0"88 M) 
7. Sucrose (0-88 M) +0-421,! PO~ 

Changes in O.D.lh 

Initial Final Diffe- 
rence 

0.72 0.385 0.335 
0.72 0.60 0.12 
0"68 0.54 0.14 
0.72 0.57 0.15 
0.72 0-55 0-17 
0.67 0,55 0.12 
0.67 0-39 0-28 

Fresh mitochondria 

% inhibition 
of swelling 

Nil 
64"2 
58"3 
56"3 
49-3 
64"2 
16-5 

~tg Ammonia 
formed/h 

18.5 
8-0 
2.0 

11.0 
12.5 

7.5 
16.0 

Glutaminase 
activity 
(relative) 

I00 
43.2 
10.8 
59-4 
67-5 
40-0 
86.4 

All lncubationswere carried outwlth z-glutamine (5 × t0-3M) at pH 7.2 and temperature 27°C. 

~g Ammonia 
formedlh 

Aged mitochondfia 

Glutaminase I 
Activity 
(relative) 

l 13.0 
13.5 

1-5 
13,0 
13.0 
13-0 

100.0 
103,8 

11-5 
100.0 
100-0 
100-0 

37°C, 0.2 M p h o s p h a t e  i n d u c e d  b o t h  m a x i m u m  swell ing 
a n d  g l u t a m i n a s e  I a c t i v a t i o n ,  A t  27°C s imi la r  resu l t s  
were f o u n d  w i t h  h i g h e r  p h o s p h a t e  c o n c e n t r a t i o n s  (0.3 to  
0-4 M) ,  b u t  a t  15°C n e i t h e r  swel l ing of m i t o c h o n d r i a  no r  
g l u t a m i n a s e  I a c t i v a t i o n  was  poss ib le  w i t h  a n y  c o n c e n t r a -  
t i on  of p h o s p h a t e .  
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K n o w n  ant iswell ing agents  of mi tochondr i a  like KCN,  
Na-azide,  amyta l ,  an t imyc in  A, and sucrose (0.88 M) were  
tes ted  to observe their  effects on b o t h  g lu taminase  I and 
the  corresponding swelling. I t  was observed  t h a t  b o t h  
g lu taminase  I and swell ing of fresh mi tochondr i a  were  in- 
h ib i ted  by  these substances.  However ,  w i th  aged and 
preswollen mi tochondr ia ,  all  these inhibi tors ,  excep t  Na-  
azide, failed to inhibi t  the  g lu taminase  I a c t i v i t y  (Table II) ,  
indicat ing t h a t  the  inhibi t ion  of e n z y m i c  ac t i v i t y  by  the  
above substances was p r imar i ly  due to the i r  ant iswel l ing 
act ion on fresh mi tochondr ia .  Na-azide,  however ,  was 
inh ib i to ry  to bo th  swell ing and g lu taminase  I. H y p e r t o n i c  
sucrose (0.88 M) in fresh mi tochondr ia l  p r epa ra t ion  pre-  
ven ted  swell ing as well as g lu taminase  I a c t i v i t y  wi th  t he  
usual  0.2 M phospha te  concent ra t ion ,  b u t  on fur ther  addi-  
t ion of phospha te  to a final  concen t ra t ion  of 0.4 M,  b o t h  
these act iv i t ies  reappeared .  

T h a t  swelling of mi tochondr i a  releases some hydro ly t i c  
enzymes  has been repor ted  previous ly4;  b u t  no work  has 
been done wi th  regard  to  g lu taminase  I. D a t a  presented  
above  s t rongly  suggest  t h a t  swell ing of mi tochondr i a  
caused e i ther  by  the  added  anions themselves ,  like phos-  
pha te  and arsenate,  or  due to induced ageing or  preswollen 
condit ion,  as wi th  py rophospha t e  and sulphate ,  is a pre:  
requis i te  condi t ion  for the  demons t r a t i on  of anion ac t iva-  
t ion of g lu taminase  I of guineapig  l iver  mi tochondr ia .  
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scheme presented  in the  Figure.  L ive r  specimens were 
washed  three  t imes  wi th  10% w / v  sucrose before homo-  
geniza t ion  in a P o t t e r - E l v e h j e m  homogenizer .  The  sub- 
cel lular  f ract ions were digested in w a r m  30% aq. K O H  
and the  cholesterol  ex t rac ted  wi th  pe t ro l eum ether.  Af te r  
the  pe t ro leum e ther  ex t rac t s  were dried over  anhydrous  
Na2SO ~ a l iquots  were ana lyzed  for cholesterol  using the  
m e t h o d  of TRINDER 1°. 

The  consis tency of the  l iver  mi tochondr ia l  cholesterol  
con ten t  in several  an imal  species is of interest .  SCHOTZ, 
RICE, and ALFIN-SLATER 3 found t h a t  th6ir  p repara t ions  
of ra t  l iver  mi tochondr i a  conta ined  0.20 mg  cholesterol .  
Our  prepara t ions ,  der ived  f rom the  same v o l u m e  of l iver  
homogena te  (4.0 ml), con ta ined  on the  average  on ly  
abou t  0.13 mg. 

Tab. I. Percentage Recovery of Total Cholesterol in Mouse and 
Rat Liver Fractions 

Fraction 

Nuclei 
Mitochondria 
Microsomes 
Supernatant 

Ref.l" [ Ref.2b[Ref.3" Ref.4 ~lRef.5" 

- -  - -  6.0 0.7 
1-3 3.5 13.7 1.2 2-2 
- -  5 . 1  - -  1 . 9  - -  

- -  2 . 8  - -  0 . 3  

Rat. b Mouse. 

Zusammen/assung 

Die darge leg ten  Versuche  beweisen,  dass die durch  
Anionen  (Phospha t  und Arsena t  ) herbeigef i ihr te  An-  
schwel lung von  Mi tochondr ien  der  Meerschweinchenleber  
eine Vorbed ingung  ist  Iiir die Glu taminase  I -Akt iv ie rung .  
Py rophospha t ,  das die Schwel lung h e m m t ,  und  Sulfat ,  
das sic n ich t  beeinflusst ,  ak t i v i e r t  das E n z y m  erst  nach  
vorher iger  Ansehwel lung der  Mitochondr ien .  

D i s t r i b u t i o n s  o f  C h o l e s t e r o l  A m o n g s t  

L i v e r  S u b c e l l u l a r  F r a c t i o n s  

Assays for the  cholesterol  con ten t  of var ious  subcel lular  
fract ions der ived  f rom ra t  l iver  homogena tes  have  been  
repor ted  by  a n u m b e r  of inves t iga tors  1-~ and are presented  
in Table  I. I n  each ins tance  mi tochondr i a  were isolated 
under  condi t ions  of cen t r i fuga t ion  0 8 0 0 0 - 2 4 0 0 0  × g for 
10 min) suff icient  to  sed iment  microsomes as well. 

Mi tochondr ia  ob ta ined  f rom ra t  and mouse l iver  homo-  
genates by  cent r i fuga t ion  a t  8500 x g for 10 min,  t hen  
washed by  resuspension and recent r i fugat ion ,  have  been 
employed  in studies of the  cholesterol  oxidase  sys t em~:  9. 
Addi t ion  of the  mic rosomal  f rac t ion  to  these  '8500 × g'  
mi tochondria ,  omission of the  washing  procedure ,  or  iso- 
la t ion of mi tochondr ia  under  h igher  cent r i fugal  forces for 
the  same t ime  interval ,  in each case severe ly  depressed 
ox ida t ion  of added cholesterol  - -C ~4 by  the  cholesterol  
oxidase present  in the  mi tochondr ia .  This  has  been t r aced  
in p a r t  to  the  re la t ive ly  h igh  endogenous  con t en t  of free 
cholesterol  in the  l iver  microsomal  f rac t ion which  effec- 
t ive ly  di lutes  any  added rad ioac t ive  choles tero l .  

Tab le  I I  records the  re la t ive  d is t r ibu t ion  of l iver  chole- 
s terol  am o ngs t  var ious  subcellular  f ract ions  of a n u m b e r  
of animals .  The  fract ions were isolated according to ~he 

Tab. II. Average Percentage of Total Liver Cholesterol Recovered 
(No. of experiments in parentheses) 

Fraction 
Mouse, Rat 

(2) (a) 

Debris and nuclei 39-0 53:7 
Mitochondria 7-8 6.3 
Mitochond. wash 14.9 7.0 
Microsomes 33.5 25-0 
Supernatant 4.8 8.0 

Species 

I Chi- Rabbit Mort- Human 
cken (2) key (I) 
(a) (1) 

60.1 58.0 58.7 56.4 
7.6 8-1 6-5 6-9 
7.0 10-9 6.5 6-9 

15-3 15-1 9.5 10.5 
10.0 7.9 18.6 19.5 

Pooled livers of 4 mice used. 
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