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SUMMARY 

X. The intracellular and intramitochondrial localisation of rat  liver GSH per- 
oxldase (GSH: H~O 2 oxidoreductase, EC I . I I . I .9 )  and its release from mitochondria 
have been investigated. 

2. The peroxidase was localised in the mitochondria and the cytosol. 
3. The matr ix  was established as the intramltochondrial site of GSH peroxxdase. 
4. GSH peroxidase was released from the mitochondria during the swelling 

initiated by  GSH, GSH -k GSSG, ascorbate and oleate. The extent of the release was 
proportional to the degree of swelling. The peroxidase was not released during the 
swelling induced by phosphate, Ca 2+ or a mixture of phosphate + GSH. 

5. The release of peroxidase during mitochondrial swelling was not specific 
since the specific activity of the enzyme released was similar to that  released by  
sonication. 

6. The significance of GSH peroxldase in the swelling-contraction cycle is 
discussed. 

INTRODUCTION 

LEHNINGER AND GOTTERER 1 and LEHNINGER 2 first showed that  a heat-labile 
non-dialyzable factor necessary for contraction (C-factor) was released into the 
medium when mltochondna were exposed to GSH. The C-factor became sufficiently- 
diluted on release thereby hmiting contraction. The C-factor could also be completely 
released into solution by  sonic treatment.  As the specific activity of C-factor appear ing 
in the medium from GSH-swollen mitochondria was reported to be some 20 times 
greater than in sonic extracts 1, the loss of C-factor from mitochondria by contact 
with GSH was relatively specific. These results suggested that  C-factor may  be 
associated with the outer mitochondrial membrane. 

HUNTER et al. ~ also reported that  lipid peroxide formation was associated with 
GSH + GSSG-indnced mitochondrial swelling. NEUBERT et al. 4 later showed that  the 
GSH peroxidase accounted for approx. 80-85 % of the act ivi ty of C-factor. They 
suggested that  GSH peroxidase may  function in contraction by catalysing the re- 
duction, by GSH, of lipid peroxides formed in the lipid bllayer of the mitochondrial 
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membrane with subsequent changes in the mechanochemical properties of the mem- 
brane. Recently LITTLE AND O'BRIENS, 6 have been able to show that  GSH peroxidase 
(GSH: H,O~ oxidoreductase, EC 1.11.1.9) is effective at reducing lipid peroxide and 
also that  the peroxidase is probably the principal mechanism by which lipid per- 
oxides are decomposed in the liver cell. 

In the following the release of GSH peroxidase during GSH-induced mlto- 
chondrial swelling, and other types of swelling associated with hpid peroxidation, 
has been compared with the peroxidase release by ultrasonication, detergents and 
swelling associated with electron transport. The locus of GSH peroxidase within the 
mitochondria has been identified. 

METHODS AND MATERIALS 

Preparation of m,tochondria 
Female rats were used for all experiments since it is reported that  their livers 

contain significantly more GSH peroxidase than those from males 7. The liver was 
homogenized in 0.25 M sucrose using four up-and-down strokes of a Teflon-tipped 
homogenizer to yield a IO % (w/v) homogenate. Nuclei and debris were removed by 
centrifugation at 600 × g for IO min. The mitochondria were then sedimented at 
7500 × g for IO min. Unless otherwise stated the mitochondrial pellet was washed 
once by  gentle re-homogenization in half the original volume of o,25 M sucrose, 
followed by  centrifugation at 7500 x g for IO mill. The final mitochondrial suspension 
contained about io mg protein per ml. 

Treatment of mitochondrm w,th swelling agents 
An aliquot of mitochondria (corresponding to about 2 mg of protein) was added 

to a mixture containmg 0.25 M sucrose, 20 mM Tris-HC1 (pH 7.4) and swelling agent 
in a final volume of IO ml. Tubes were incubated for 30-45 rain at 23 °. The degree of 
swelling was estimated by  measuring the decrease in absorbance at 520 nm and the 
tubes were then immediately centrifuged at IOO ooo × g for 30 rain in order to sedi- 
ment  the mitochondria together with any membrane fragments. The supernatant was 
decanted from the well-packed pellet and the pellet then suspended in 3 ml of water 
by  sonicating for 15 sec. The suspension and supernatant were then assayed for 
enzymic activity. 

In some instances the medium used contained o.125 M KC1 in place of 0.25 M 
sucrose. In this case the mitochondria were washed once in o.125 M KC1 and sus- 
pended in o.125 M KC1 prior to use. 

Assay of enzymes 
Mitochondrial preparations were always sonicated for two periods of 30 sec 

prior to enzyme assay. GSH peroxidase was assayed at 23 ° using a system containing 
0.06 M Tris-HC1 (pH 8.5), i mM EDTA, 0.25 mM GSH, o.15 mM cumene hydro- 
peroxide, o.i  mM NADPH, 0. 5 enzyme unit  GSSG reductase, in a final volume of 3 ml. 
The rate of NADPH oxidation was followed spectrophotometrically at 340 nm. The 
rate of the non-enzymic reaction was subtracted. 

Succinate dehydrogenase (succinate-2-(p-iodophenyl)-3-p-nitrophenyl-5-phenyl- 
tetrazolium chloride reductase) was assayed by  the method of PENNINGTON 8. Urate 

Bzochim. Bzophys. Acta, I97 (197 o) 31-39 



RELEASE OF GSH PEROXlDASE FROM MITOCHONDRIA 33 

oxidase  was assayed  us ing the  m e t h o d  of BAUDHUIN et al. 8. Malate  dehydrogenase  was  
a s sayed  b y  the  m e t h o d  of 0CHOA ~°. Monoamine  oxidase  was assayed  wi th  benzyl-  
amine  subs t r a t e  as descr ibed  b y  SCHNAITMAN et al. n. Adeny la t e  k inase  was assayed  
b y  the  m e t h o d  of SCHNAITMAN AND GREENAWALT TM. 

Pro te in  was measured  b y  the  me thods  of Hf3BSCHER et al. ~3 and  LOWRY et al. ~4, 
using bovine  se rum a lbumin  as s t anda rd .  

Cumene hydroperox ide  (Technical  Grade) was ob t a ined  from Matheson,  
Coleman and  Bell, Cinc innat i ;  G S H  reduc tase  Type  I I I  (ioo enzyme tmits/mg) ; GSH 
and  GSSG were ob t a ined  f rom Sigma Chemical  Co., St. Louis;  po lyv iny l  pyr ro l idone  
was suppl ied  b y  Br i t i sh  Drug  Houses,  Toron to  

R E S U L T S  

Subcellular distribution 
SubceUular f rac t ions  of r a t  l iver  were p repa red  b y  the  m e t h o d  of SEDGWlCK 

AND HI)BSCHER 15. The f ract ions  were assayed  for prote in ,  GSH peroxidase ,  succinate  
dehydrogenase  and  u ra t e  oxidase  (see Table  I). I t  is seen t h a t  60 % of the  perox idase  
con ten t  of the  nuclei-free homogena te  was recovered in the  par t ic le-free  supe rna tan t .  
The  pa r t i c l e -bound  peroxidase  was associa ted  wi th  the  mi tochondr ia l  f ract ion wi th  
much smal ler  amoun t s  being recovered  in the  lysosomal  and  mic rosomal  fract ions.  
F r o m  a compar ison  of the  d i s t r ibu t ion  of perox idase  wi th  t h a t  of the  pe rox i somal  
enzyme u ra te  oxidase  TM and  the  mi tochondr i a l  ma rke r  succinate  dehydrogenase ,  i t  is 
a p p a r e n t  t h a t  GSH peroxidase  is no t  assoc ia ted  wi th  the  peroxisomes  bu t  is t r u l y  
mi tochondr ia l .  

TABLE I 

S U B C E L L U L A R  D I S T R I B U T I O N  OF G S H  P E R O X I D A S E  

Subcellular fractions of rat liver were prepared m o 3 M sucrose with 2 mM EDTA by the method 
of SEDGWICK AND H~'3BSCHER ls .  All fractions were activated by sonication prior to enzyme assay. 

Fractzon GSH perox,dase Urate ox,dase Succznate dehydrogenase 

% of total umts*/mg % of total umts*/mg % of total umts**/mg 
recovered prote*n recovered prote,n recovered prote,n 

Mltochondrlal 28 17 4 37 o 63 72 8o 
Lysosomal 5 5 8 51 i 59 5 i i  
Mlcrosomal 7 5.9 12 0.29 2 4 
Soluble 6o 31 3 o o 2o 18 

* i unit is eqmvalent to an absorbance change of o.i per min 
** I unit IS eqmvalent to an absorbance change of I o per 15 min. 

Extractability of  G S H  peroxidase f rom mitochondria 
NEUBERT et al. 17 also found t h a t  washing  the  mi toc hond r i a  wi th  0.25 M sucrose 

e x t r a c t e d  "s igni f icant"  C-factor a c t i v i t y  and  sugges ted  t h a t  the  soluble por t ion  of 
C-factor  a c t i v i t y  was der ived  in pa r t  f rom the  mi tochondr ia .  I t  was found t h a t  four  
washings  wi th  0.25 M sucrose, however ,  re leased on ly  12 % of the  t o t a l  peroxidase  
ac t iv i ty .  I t  was also found t h a t  o. 125 M KC1 was able to  remove  25 % of the  per-  
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oxidase activity from mitochondria in four washes. This may indicate that  the per- 
oxidase was not t ightly membrane-bound or that  some cytosol peroxidase was ad- 
sorbed. When washed mitochondria were subjected to the extraction procedure of 
JACOBS AND SANAD118, which effects complete removal of cytochrome c, only 3 8 % 
of the peroxidase was lost. 

A method was used for subfractionation of mitochondria in which the mlto- 
chondria were treated with different concentrations of Triton X-ioo and then centri- 
fuged at IOOOOO × g for I h. Only the completely solubilized enzymes should appear 
in the supernatant while all membrane-bound enzymes remain in the pellet. Mito- 
chondria were treated with the detergent as described in METHODS AND MATERIALS. 

Fig. I shows the pattern of release of four enzymes. Adenylate kmase, a marker 
enzyme for the mtermembrane space12, ~9, was released the most easily. Indeed 35 % 
was released in the absence of detergent during the incubation at room temperature. 
GSH peroxidase and malate dehydrogenase, a matrix marker 19, were released at the 
same rate. Monoamine oxidase, a membrane-bound enzymel2,19, was solubihzed much 
more slowly. 

Release of GSH peroxidase from m,tochondr, a during swelling 
I t  was observed that  the GSH-induced swelling was not reproducible when 

determined by  the change in absorbance over a 3o-min period. This was mainly due 
to the different lengths of the lag phase between different samples of mltochondria. 
A change in the length of the lag period has also been found during "ageing" of mito- 
chondria ~°. However, in all cases the degree of swelling observed was related to the 
amount of peroxidase released. The results with combinations of GSH and GSSG 
were much more reproducible. 

Expt.  i in Table I I  shows the effect of GSH and GSSG. 5 mM GSH brought 
about a small degree of swelling, accompanied by a loss of peromdase from the mito- 
chondria. GSSG alone produced neither effect but in combination, GSH and GSSG 
were very effective in promoting swelling. An almost complete loss of peroxidase from 
the mitochondria occurred at the same time. In the presence of EDTA, GSH failed 
to swell mitochondria and no peroxidase was lost. 

Ascorbate is known to bring about mitochondria] swelling by  a process associated 
with peroxidation of mitochondrial lipids ~1 and similar to that  initiated by  GSH. 
Ascorbate was therefore tested for its effectiveness m releasing peroxidase Expt  2 
in Table n shows that  ascorbate brought about extensive swelling accompanied by a 
large loss of peroxidase from the mitochondria. GSH appeared to offer some pro- 
tection against ascorbate-induced swelling 

The swelling caused by phosphate or Ca 2+ is lmked to the electron transport  
chain of the mitochondna~2, 23. I t  was found that  little peroxidase was released by 
these agents in comparison to that  released by GSH (Expt. 3, Table II). Also, with 
GSH and phosphate together, the amount of peroxidase release was much less than 
with GSH alone. Swelling initiated by sodium oleate, however, resulted in extensive 
release of peroxidase from the mitochondria presumably as a result of its surface 
active propertms. 

The question arises as to whether the peroxidase is released only upon disruption 
of the mltochondrial membranes However, Fig. 2 shows that  the release of per- 
oxidase during GSH + GSSG swelling closely followed the absorbance change at  
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T A B L E  I I  

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

The ml tochondr i a l  suspens ion  was  i n c u b a t e d  wi th  a d d i t i v e  for 35 mln  The absorbance  a t  520 nm 
was measured ,  the  suspens ion  cen t r i fuged  a t  i ooooo  × g for 3 ° m m  and  the  pe rox idase  a c t i v i t y  
of the  pel le t  measured  

Addltzve Relattve absorbance Peromdase 
at 52o n m  released (%) 

Ezpt .  z 

None IOO (-~520 nm = 0-89) o 
5 mM GSH 76 52 
5 mM GSSG lO 5 o 
5 mM GSH + 5 mM GSSG 16 97 
5 mM GSH + i o  #M E D T A  lO2 o 

Exp t  2 

None IOO (A520 nm = o 83) o 
o 2 mM ascorba te  46 85 
IO mM GSH 86 19 
o 2 mM ascorba te  + IO mM GSH 77 5 ° 
IO/~M sod ium oleate  33 78 

Expt  3 
None IOO (A520 nm = I oo) o 
IO mM GSH 31 90 
5 mM p o t a s s i u m  p h o s p h a t e  (pH 7 4) 6o 5 
i o  mM GSH + 5 mM p o t a s s i u m  p h o s p h a t e  (pH 7 4) 58 13 
o 5 mM CaCI~ 6o 13 

8C 

_c 4C , 

~ 2c 
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F ig  I Release  of enzyfnes f rom m l t o c h o n d r l a  by  Tr i ton  X-IOO An a l iquo t  of m i t ochond r i a  (about  
2 mg  prote in)  was  added  to  a m i x t u r e  con t a in ing  o 25 M sucrose,  20 mM Trls-HC1 (pH 7 4) and  
Tr i ton  X - I o o  in a final vo lume  of i o  ml  Af te r  3 ° m m  a t  room t e m p e r a t u r e  the  m i x t u r e s  were 
cen t r i fuged  a t  i ooooo  × g for 3 ° rain. The  pe l le t  was  suspended  in  3 ml of w a t e r  by  somca t ion  
and  the  suspens ion  and  s u p e r n a t a n t  were a s sayed  for enzyme  ac t iv i t i e s  & - - A ,  m o n o a m m e  
ox idase ;  0 - - 0 ,  GSH pe rox ldase ,  O - - O ,  m a l a t e  dehydrogenase ,  A - - ~ k ,  a d e n y l a t e  k inase  

Fig  2 Release  of GSH  perox ldase  du lang  m l t o c h o n d r l a l  swel l ing  i n i t i a t e d  b y  a m i x t u r e  of GSSG 
and  GSH Ml tochondr la  were exposed  to  a m i x t u r e  of G S S G  and  GSH in the  mo la r  r a t io  of 5 I. 
The  m e d i u m  also con t a ined  o 25 M sucrose and  20 mM Trls-HC1 (pH 7-4) in a final vo lume  of i o  ml  
After  3o m m  the  degree  of swel l ing  was  e s t i m a t e d  by  m e a s u r i n g  the  absorbance  a t  52o nm The 
suspens ions  were t h e n  cen t r i fuged  a t  i o o o o o  x g for 3 ° min  and  the  pe l le t  and  s u p e r n a t a n t  
a s s ayed  for GSH perox ldase  ac t i v i t y .  0 - - 0 ,  GSH pe romdase ;  © - - O ,  absorbance  a t  520 nm 
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52o nm. I t  was also found t h a t  in the  case of ascorba te- induced  release of peroxidase ,  
the  ex ten t  of enzyme release was s l ight ly  grea te r  t h a n  the  decrease in absorbance .  
GEBICKI AND HUNTER 24 found t h a t  95 % of the  mi tochondr ia  r e m a i n e d  in tac t  when 
the  absorbance  had  fallen to  20 % of the  original  value  dur ing  GSH + GSSG swelling. 
Thus the  release of peroxidase  occurred before d i s rup t ion  of the  mi tochondr ia l  mem-  
branes.  

Since the  peroxidase  appea red  to  be localised wi th in  the  mi tochondr ia l  ma t r ix ,  
i t  was difficult to envisage how the  enzyme could be specifically released.  I t  was there-  
fore dec ided  to  inves t iga te  the  specif ici ty of the  release b y  measur ing,  a t  the  same  
t ime,  the  release of ma la t e  dehydrogenase  (another  m a t r i x  enzyme) and  of t o t a l  
p ro t e in  

Table  I I I  compares  the  effects of ascorbate ,  GSH + GSSG, and  oleate  on the  
swelling of mi tochondr i a  and  on the release of GSH peroxidase ,  ma la t e  dehydrogenase  
and  prote in .  In  all these cases the  release of peroxidase  was accompan ied  b y  a s imilar  
release of ma la t e  dehydrogenase  and  release of some prote in .  I t  is thus  a p p a r e n t  t h a t  
dur ing  swelling the  peroxidase  is re leased in the  same manner  as o ther  m a t r i x  com- 
ponents .  Sonica t ion  resul ted  in a loss of a lmost  all peroxidase  and  m a l a t e  dehydro-  
gellase bu t  of on ly  57 % of prote in .  The  specific ac t i v i t y  of the  peroxidase  re leased 
b y  sonica t ion  was s imilar  to  t h a t  re leased dur ing  oleate or GSH + GSSG-induced  
swelling. Resul ts  ob t a ined  wi th  a KC1 m e d i u m  as used b y  LEHNINGER AND GOTTERER 1 
were s imi lar  to  t h a t  observed  in a sucrose medium.  The  ma in  difference observed  wi th  
the  KC1 m e d i u m  was t h a t  much  grea te r  amoun t s  of enzyme and  p ro te in  were lost  
in the  absence of any  swelling agent .  

TABLE I I I  

R E L E A S E  OF GSH P E R O X I D A S E ,  MALATE D E H Y D R O G E N A S E  AND P R O T E I N  FROM M I T O C H O N D R I A  
D U R I N G  S W E L L I N G  

Mitochondr,a were incubated with swelhng agents and the degree of swelling was estimated by 
measuring the absorbance at 52o nm The mixtures were then centrifuged at iooooo × g for 3 ° 
mln and the pellets and supernatants assayed for GSH peroxidase, malate dehydrogenase and 
protein. Initial absorbance at 520 n m =  o 75- 

.4 ddit*ve Relat,ve Perox, dase Malate de- Prote,n 
absorbance released (%) hydrogenase released (%) 
at 5zo nm released (%) 

None ioo 9 12 4 

II  #Mascorbate 23 69 87 77 

3 m M G S S G + o 6 m M G S H  45 85 85 49 

o I mMoleate 73 67 53 4 ° 

Sonication 5 95 92 57 

The release of peroxidase  was ident ica l  to t h a t  of ma la t e  dehydrogenase  when 
m i t o c h o n d r i a  were t r e a t e d  wi th  Tr i ton  X - I o o  or GSH + GSSG. However ,  the  per-  
ox idase  was re leased s l ight ly  more  r ead i ly  t han  ma la t e  dehydrogenase  upon  t r ea t -  
m e n t  wi th  oleate.  The  converse was t rue  dur ing  a s c o r b a ~ - i n d u c e d  swelling. This  m a y  
ind i ca t e  smal l  differences in the  effects of these  agents  on the  mi tochondr i a l  s t ruc ture .  

B,och~rn. B~ophys Acta, 197 (I97 o) 31-39 



RELEASE OF GSH PEROXIDASE FROM MITOCHONDRIA 37 

DISCUSSION 

NEUBERT et al. x7 reported that  C-factor activity was distributed between the 
mltochondrial and soluble fractions of the cell and that  GSH peroxidase was respon- 
sible for the majori ty  of the C-factor activity. LITTLE AND O'BRIEN 5 showed a similar 
distribution for GSH peroxidase activity. However, in neither of these studies were 
the fractions characterised by measuring marker enzymes. The peroxisomes are known 
to be the site of much of the hydrogen peroxide metabolism within the liver celi 25 and 
in particular contain the catalase which was at one t ime believed to be located in the 
mitochondria TM. With the usual methods for separating subcellular fractions the per- 
oxisomes were sedimented in both the mitochondrial and lysosomal fractions TM. Hence 
the possibility existed that  the particle-bound GSH peroxidase was located m the 
peroxisomes and not entirely within the mitochondria. However, the results show that  
specific activity of the lysosomal fraction is 2.2 times that  of the mitochondrlal 
fraction with respect to urate oxidase (a peroxisomal marker) while the specific 
activity of the peroxidase in the mltochondrial fraction is 3 times that  of the 
lysosomal fraction. This would therefore rule out a peroxisomal localisation for GSH 
peroxidase. 

The release of C-factor from mitochondria by  GSH was reported to be some 20 
times more specific than sonication 1. This, combined with the apparent requirement 
for GSH peroxidase in the contraction process, suggested tha t  the enzyme may  be 
associated with the mitochondrial outer membrane rather than the matr ix  where 
80 % of the mitochondrial protein is located. However, when the release of GSH 
peroxidase by Triton X-Ioo is compared to that  of other mitochondrial enzymes it is 
seen that  its release closely follows that  of malate dehydrogenase, believed to be a 
matr ix  marker. Adenylate kinase, localised in the inter-membrane space, was released 
much more rapidly. On the other hand the membrane enzyme monoamine oxidase 
was solubilized much more slowly. I t  is concluded that  the method is effective in 
separating the enzymes of the matr ix  and inter-membrane space from each other and 
from the membrane-bound enzymes. From the application of this method, it is ap- 
parent that  GSH peroxldase is located within the mitochondrial matrix. If the per- 
oxidase can protect membranes against lipid peroxidation ~e, the matrix peroxidase 
may  protect the inner membrane while the cytosol peroxidase may  protect the outer 
membrane.  

The release of C-factor has previously been measured only in the case of GSH- 
reduced swelling and has necessitated the use of high concentrations of mitochondrial 
protein S. By assaying the peroxidase activity rather than contraction factor activity, 
it has been possible to follow the release of this enzyme during all types of swelling 
while using a protein concentration sufficiently low as to enable the A520 nm changes 
to be followed. I t  is apparent  that  the mere presence of GSH is not enough to cause 
release of peroxidase. The peroxidase is released only during the swelling process 
with the amount of peroxidase released being directly proportional to the extent of 
swelling. Since the presence of GSSG during GSH-induced swelling obviated the need 
for C-factor during contraction, NEUBERT AND LEHNINGER ~7 suggested that  GSSG 
may  prevent loss of contraction factor from mitochondria. However, from Fig. 2 it is 
clear that  GSSG does not prevent loss of peroxidase from mitochondria. 

Peroxidase was also readily released during mitochondrial swelling induced by  
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ascorbate or oleate but  not by phosphate or Ca ~+. This suggests that the release is 
associated with membrane damage by peroxidation 25,2s or surface active agents. The 
presence of phosphate during GSH-induced swelling (Table II) prevented the release, 
presumably due to the inhibition of peroxidation 2s, and confirms that  the release is a 
result of the swelling and not to the action of GSH. 

Since the peroxidase was located in the mitochondrial matrix and smce its 
release appears to be related to changes in membrane integrity it is not surprising to 
find the release is not specific. Other enzymes of the matrix (e.g. malate dehydro- 
genase) were released and the total loss of protein from the mitochondria was large. 
The use of KC1 rather than a sucrose medium had no effect on the overall pattern of 
the release. 

I t  is known that  peroxidase can modify mitochondrial swelling since C-factor 
preparations can inhibit GSH-induced swelling of mitochondria 17. The C-factor may 
act in this case by preventing the accumulation of lipid peroxides that could be 
responsible for the swelling. Whereas peroxldation may be involved in swelling it is 
unlikely that  peroxidation interferes with contraction since other peroxidation- 
linked types of swelling do not require C-factor for contraction~l,29,8°; the addition 
of pure lipid peroxide does not interfere with contraction 81 and it is known that  
lipoxidase can act as a contraction factor 32. As peroxidase was readily released during 
types of swelling not requiring C-factor for contraction, the C-factor requirement for 
contraction of GSH-swollen mitochondria is not simply because of C-factor loss. The 
recent findings of LEHNINGER AND BECK 3° may suggest an alternative explanation 
of the role of C-factor. They confirmed that  mitochondrial swelling initiated by 
commercial samples of GSH is dependent on metal contamination. However, as no 
C-factor was required for reversal of metal-induced swelling in the absence of GSH, 
the presence of GSH durmg the swelling phase may reduce some disulphide links 
which become exposed during the swelling and which are necessary for contraction. 
Possibly the presence of GSH during the swelling of mitochondria by other agents 
may  also result in a C-factor requirement for contraction. Treatment with GSSG can 
obviate the need for C-factor 3~. The action of GSH peroxidase as a contraction factor 
for GSH-swollen mitochondria may therefore partly result from its effectiveness in 
catalysing the restoration of essential disulphide groups by lipid peroxides 

ACKNOWLEDGMENT 

This investigation was supported by  the National Research Council of Canada. 

R E F E R E N C E S  

I A L LEHNINGER AND G S. GOTTERER, J Bzol C h e m ,  235 (196o)PC8.  
2 A L LEHNINGER, J .  Bzol C h e m ,  237 (1962) 946 
3 F E, HUNTER, A SCOTT, P E HOFFSTEN, J M GEBICKI, J.  WEINSTEIN AND A SCHNEIDER, 

J .  Bzol Chem , 239 (1964) 614 
4 D NEUBERT, A B WOJTCZAK AND A. L LEHNINGER, Proc Nat l  Acad  Sc2. U.S.,  48 (1962) 

1651. 
5 C. LITTLE AND P J. O'BRIEN, Bzochem Bzophys.  Res. Commun  , 31 (1968) I45. 
6 P. J.  O'BRIEN AND C. LITTLE, Can J B,ochem , 47 (1969) 493 
7 R E PINTO AND W BARTLEY, Bzochem J ,  lO 9 (1968) 34 P 
8 R J. PENNINGTON, Bzochem. J ,  80 (1961) 649. 
9 P BAUDHUIN, H BEAUFAY AND C DEDUVE, J Cell B~ol,  26 (1965) 219. 

B,och~rn. B ,ophys .  Acta, 197 (197 o) 31-39 



RELEASE OF GSH PEROXlDASE FROM MITOCHONDRIA 39 

io  S OCHOA, in S P. COLOWICK AND N. O KAPLAN, Methods *n Enzymology, Vol I, Academic 
Press, New York, 1955, P 735. 

i i  C A SCHNAITMAN, V G ERWlN AND J. W GREENAWALT, J. Cell Bzol,  32 (1967)719 • 
12 C SCHNAITMAN AND J W GREENAWALT, J CellB*ol, 38 (1968)158 
13 G HUBSCHER, G R. WEST AND D N BRINDLEY, Bzochem. J , 97 (1965) 629 
14 O H LOWRY, N J ROSEBROUGH, A. L FARR AND R J. RANDALL, J Bzol Chem, 193 (1951) 

265 . 
15 B. SEDGWICK AND G HUBSCHER, Bzochtm, Bzophys. Acla, lO6 (1965) 63 
16 D. B ROODyN, In D B ROODYN, Enzyme Cytology, Academic Press, London,  1967, p 172 
17 D NEUBERT, T H ROSE AND A L LEHNINGER, J B,ol Chem, 237 (1962) 2025 
18 E E JACOBS AND D R SANADI, J B,ol Chem , 235 (196o) 531 
19 G L SOTTOCASA, B. KUYLENSTIERNA, L ERNSTER AND A BERGSTRAND, In R V~" ESTABROOK 

AND M E PULLMAN, Methods ~n Enzymology, Vol lO, Academic Press, New York,  1967, p 448 
20 A L LEHNINGER AND M SCHNEIDER, J Bzophys B~ochem Cytol, 5 (1959) lO9 
2t F E HUNTER, A SCOTT, P E. HOFFSTEN, F GUERRA, J WEINSTEIN, A SCHNEIDER, B. 

SCHUTZ, J FINK, L FORD AND E SMITH, J Btol Chem , 239 (1964) 604 
22 A L LEHNINGER, Phys~ol Rev., 42 (1962) 467 
23 G F AzzoN~ AND A AzzI, in J M. TAGER, S PAPA, E QUAGLIARIELLO AND E C. SLATER, 

Regulation of Metabohc Processes *n Mztochondr~a, BBA Library,  Vol 7, Elsevier, Amsterdam,  
1966, p. 332 

24 J M GEBICKI AND F E HUNTER, J Btol Chem, 239 (1964) 631 
25 C DEDuvE AND P BAUDHUIN, Phys*ol Rev ,  46 (1966) 323 
26 B O CHRISTOPHERSEN, Bzochem J ,  lO6 (1968) 515 
27 D NEUBERT AND A L LEHNINGER, J B,ol Chem , 239 (1964) 631 
28 F E HUNTER, A. SCOTT, J WEINSTEIN AND A SCHNEIDER, J B,ol Chem , 239 (1964) 622 
29 A L LEHNINGER, J B~ol Chem, 234 (1959) 2465- 
3 ° A. L LEHNINGER AND D P. BECK, J B~ol Chem, 242 (1967) 2098 
31 P J O'BRIEN, Can. J Bzochem , 47 (1969) 485 
32 A ~¢VOJTCZAK, in J M TAGER, S PAPA, E QUAGLIARIELLO AND E C SLATER, Regulation of 

Metabohc Processes ,n Mztochondr~a, BBA Library,  Vol 7, Elsevier, Amsterdam,  1966, p 364. 

B,ochzm Bzophys Acta, I97 (197 o) 31-39 


