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A B S T R A C T  

An elcctron microscope study of mi tochondr ia  in hamste r  livcr and  kidney cclls has re- 
vealed tha t  at  somc points the outer  m e m b r a n e  of these organelles is cont inuous with the 
inner  mcmbranc .  Also, at  such points the discontinuous components  of the  m e m b r a n e  
pairs have  free endings. The  outer  and  the inner  membranes  of a mi tochondr ion ,  there-  
fore, may not  be two different and  distinct entities, as has been conventional ly assumed, 
bu t  may  ra ther  be a par t  of the same unit .  Such a morphological  s t ructure  would make  
the in t rami tochondr ia l  substance accessible to the cytoplasmic substance th rough  the 
i n t c rmcmbrane  channel .  This  s tructure would also facilitate the swelling of a mi tochondr ion  
either by an  unfolding of the cristac, or a sliding of the two membrancs ,  or by bo th  these 
processes occurr ing simultaneously. 

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

Palade  (11) and  Sj6strand (14) were the first to 

describe the fine s t ructure  of mi tochondr ia  wi th  

the aid of an  electron microscope. They  showed 

tha t  a mi tochondr ion  is bounded  by two mem-  

branes  and  contains a system of double  membranes  

runn ing  almost across i t  t h roughou t  its length. 

Palade  believed tha t  this lat ter  system, which was 

lamel lar  in structure, was continuous with the  

inner  mi tochondr ia l  m e m b r a n e  and  represented 

folds in it. He  called these in t rami tochondr ia l  con- 

volutions "cristae mitochondria les ."  The  outer  
m e m b r a n e  which is exposed to the cytoplasm is 

supposed to be a single cont inuous s tructure with- 
out  any folds or invaginat ions in it, enclosing, more  

or less like a shell, the mi tochondr ia l  substance. 

Such a s tructure will therefore interpose a me- 

chanical  bar r ier  to the passage of mater ia l  e i ther  

from the cytoplasm inwards or f rom the mito- 

chondr ia  outwards,  except by the process of per- 

meat ion  th rough  the membrane .  Studies on iso- 

lated mi tochondr ia  in media  of various tonicities 

have  indicated tha t  the mi tochondr ia l  m e m b r a n e  

is semipermeable  (2, 8). O n  the basis of experi- 
ments  measur ing the permeabi l i ty  of highly 
lipid-soluble penetrants ,  the avai lable surface area 
has been shown to r emain  constant  dur ing  a swell- 
ing of mi tochondr ia  to approximate ly  seven times 
their  volume in an  isotonic m e d i u m  (16). I t  ap-  
pears unlikely tha t  a mi tochondr ion  hav ing  the  
above-ment ioned  structure could increase its 
volume to such an  extent  wi thout  ei ther  a th inn ing  
out  or a rup tur ing  of the outer  membrane .  I t  is 
the purpose of this report  to show tha t  mi tochon-  
dr ia  may  possess a s t ructure  which permits thei r  
swelling wi thout  ei ther  of the above two processes 
occurring. I t  is suggested tha t  the outer  and  the  
inner  membranes  of mi tochondr ia  are not  two 
different and  dist inct  entities bu t  integral  parts  of 
wha t  is essentially a single unit .  

M A T E R I A L S  A N D  M E T H O D  

Picces of tissues were excised from the anterior lobe 
of the liver and from the cortex of the kidney of 2- to 
4-day-old hamsters under  light ether anesthcsia. The 
tissues were minced into approximately 1 cubic milli- 
meter pieccs in a pool of cold fixative and allowed to 
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s t and  for 1 hour  at 4 to 5°(3. T h e  fixative used was 
2 per  cent  buffered o s m i u m  tetroxide conta in ing  
sucrose (1). T h e  tissues were then  r insed momen ta r i l y  
in distilled water  a n d  in 10 per  cent  neut ra l  isotonic 
formalin ,  a n d  postfixed in the  lat ter  (9) for ano ther  
hour .  Dehydra t ion  was carried out  in the  cold in 
g raded  concentra t ions  of alcohol which  conta ined 
0.2 per  cent  M g C 1 2 - 6 H 2 0  (19). T h e  tissues were 
then  e m b e d d e d  in the  mix ture  B of Epon  812, de- 
scribed by Finck (5). T h e  e m b e d d i n g  procedure  was 
modif ied by the use of the  final mix tu re  at  all stages 
of  impregnat ion.  T h e  resin was cured  at 40°C over- 
n igh t  and  at  60°C for the  following 24 hours.  Sam-  
ples of  hams te r  liver were also e m b e d d e d  in a 4:1 
mix ture  of butyl  and  methy l  methacryla tes  conta in-  
ing 0.5 per  cent  otot-azodi-iso-butyronitrile (13) as the  
initiator. 

Electron microscope studies on cellular fractions 
of a few t ransp lan tab le  h u m a n  tumors ,  ob ta ined  by 
differential centr i fugat ion (18), were carr ied out  
earlier to check the  pur i ty  of the  fractions. L 0.88 ~t 
sucrose was used as the  suspension med ium.  T h e  
mi tochondr ia l  pellet was cu t  into small  pieces, fixed 
in Pa lade ' s  fixative (10), a n d  e m b e d d e d  in me thac -  
rylate con ta in ing  2 per  cent  benzoyl  peroxide as the  
catalyst.  T he  polymer iza t ion  was carr ied out  in a 
80 °C oven. 

a Studies done by Dr. Helene  W. Too lan  on t rans-  
p lan table  h u m a n  tumors ,  H E p  1, H E p  3, HS 1, and  
A-42 (17). 

Sections of the  tissue were cu t  with glass knives on a 
Por ter -Blum ul t ramicro tome,  m o u n t e d  on uncoa ted  
300-mesh copper  grids for epon-embedded  tissues, 
and  on 200-mesh, collodion-coated grids for me thae -  
ry la te -embedded  tissues, a n d  s ta ined with lead hy- 
droxide (20), lead subacetate ,  or lead acetate  wi th  a 
subsequent  exposure to a m m o n i a  vapors  (3). 

Sections were examined  in a Siemens Elmiskop I 
electron microscope. Selected areas of the  sections 
were mie rographed  at  ei ther 20,000 or 40,000 instru- 
men t  magnif ica t ion  and  enlarged  photographica l ly  as 
desired. 

O B S E R V A T I O N S  

T h e  s t r u c t u r e  of  m i t o c h o n d r i a  in  t he  h e p a t i c  cells 

o f  t he  h a m s t e r  is essent ia l ly  t he  s a m e  as t h a t  ob-  

se rved  by  a n u m b e r  o f  inves t iga to r s  in  o t h e r  an i -  

m a l  t issues. T h e  m i t o c h o n d r i a  a re  b o u n d e d  by two 

m e m b r a n e s ,  t he  i n n e r  one  of  w h i c h  is c o n t i n u o u s  

w i th  t he  cr is tae.  E a c h  of  these  m e m b r a n e s  m e a s -  

u res  75 A in  th ickness  a n d  c a n  be  resolved  in to  

t h r ee  c o m p o n e n t s ,  e ach  25 A th i ck  (Fig. 2, d o u b l e  

ar rows) .  T h e  m i t o c h o n d r i a l  m e m b r a n e  t hus  ha s  a 

s t r u c t u r e  q u i t e  s imi l a r  to t he  " u n i t  m e m b r a n e  

s t r u c t u r e "  desc r ibed  by  R o b e r t s o n  (12). T h e  

s p a c i n g  b e t w e e n  t he  d o u b l e  m e m b r a n e s  var ies  

f r o m  100 to 150 A,  a n d  bo th  of  these  a re  equa l l y  

e l e c t r o n - o p a q u e  or  osmiophi l ic .  

A t  ce r t a in  po in t s  in  the  l imi t ing  s t r u c t u r e  of  

FIGURES ] TO 7 

Electron micrographs  of mi tochondr ia  which  show the accepted s t ructure,  a system of 
double membranes ,  the  inner  one of which  is cont inuous  with the  cristae. At  certain 
points  a long the surface of the  mi tochondr ia ,  a cont inui ty  between the outer  and  the  
inner  m e m b r a n e s  is observed. This  has  been referred to as a reversal of  the  m e m b r a n e .  
At  such  points,  the o ther  componen ts  of  the  double m e m b r a n e  system have  free endings.  
Tissues e m b e d d e d  in Epon. 

FIGURES 1 TO 6 

Electron micrographs  of mi tochondr ia  in hepat ic  cells of  hamster .  

FIGURE 1 

Two mi tochondr ia  in the  same cell show the  reversal of  the  m e m b r a n e  (arrows). At  
the  double  arrow, the  inner  m c m b r a n e  has  an  ab rup t  ending.  The  cell m e m b r a n e  
(CM) is observed at  thc  uppe r  left corner  of the  micrograph .  Magni f ica t ion  60,000. 

FIOURE 

A segmen t  of  a mi tochondr ion  which  shows the reversal of  the  m e m b r a n e  (arrow). T h e  
double  ar row points  to the  outer  m e m b r a n e  which  is observed to be resolved into three  
components .  ER, endoplasmic  re t iculum.  Magni f ica t ion  160,000. T h e  inset shows the 
resolved componen t s  clearly. Magnif ica t ion  320,000. 
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mitochondr ia ,  the outer  m e m b r a n e  is continuous 
with the inner  membrane ,  as if a reversal of the 
m e m b r a n e  has occurred (Figs. 1 to 7). Also, at 
such points, the discontinuous parts  of the double  
m e m b r a n e  system have free endings (Figs. 1 to 7). 
These free-ending membranes  occasionally bend  
in the plane of the section and  appear  diffuse in 
the electron micrographs  (Figs. 1 to 4). They  also 
bend away from the other  componen t  of the double  
m e m b r a n e  system, increasing thei r  100 A separa- 
t ion (Figs. 4 and  6). Figs. 1 (double arrow) and 5 
show rare  instances where the free-ending mem-  
branes  have  ab rup t  terminat ions.  The  mito-  
chondr ion  in Fig. 4 shows the reversal of the mem-  
b rane  at  two adjacent  points. At  the point  shown 
by the single arrow, the outer  m e m b r a n e  is ob- 
served to be in direct  and  immedia te  cont inui ty  
with the crista. 

In  the tubule  cells of the hamste r  kidney, which 
have  elongated mi tochondr ia ,  instead of the nearly 
spherical  ones seen in the hepat ic  cells, similar 
mi tochondr ia l  s tructures have  been  observed 
(Fig. 7). 

The  direct  cont inui ty  between the outer  and  
the inner  membranes  of a mi tochondr ion ,  to- 
gether  with the free endings of the other  compo- 
nents  of the double  m e m b r a n e  system at these 
points, make  the i n t e rmembrane  channel  open 
into the cytoplasmic matrix,  as well as into the 
mi tochondr ia l  mat r ix  (Figs. 1 to 7). Thus  there is 
a direct  cont inui ty  between the cytoplasmic and  
the mi tochondr ia l  matrices (Fig. 4). 

I t  is of impor tance  to note tha t  similar mito- 

chondr ia l  s t ructure  has also been observed in 

methacry la te  embeddings  of hamste r  liver. 
Tand le r  (15) has observed the reversal of the mito- 
chondria l  m e m b r a n e  in the striated duc t  cells of 
the h u m a n  submaxil lary gland. 

Electron micrographs of mi tochondr ia  in a 
pellet obta ined by differential centr i fugat ion re- 
veal considerable artefactitious damage  as ob- 
served in Fig. 8. The  mi tochondr ia  are greatly 
swollen and  are bounded  by wha t  is essentially a 
single membrane ,  with  the inner  one occasionally 
observed to be localized along a very small por- 
t ion of the mi tochondr ia l  surface. The  complete 
absence of the electron-opacity of the mi tochon-  
dr ial  mat r ix  indicates a loss of the mi tochondr ia l  
substance. At  the single arrow in Fig. 8, the crista 
appears to have an  opening into the external  
milieu, while at the double  arrow, the two mem-  
branes  seem to overlap. 

Fig. 9 shows d iagrammat ica l ly  the accepted 
structure of a mi tochondr ion  on  the left and  the 
observed structure in the center. O n  the r ight  is 
the d i ag ram of a mi tochondr ion  having  a single 
reversal a round  a circumference (see Discussion 
for interpretat ion) .  

D I S C U S S I O N  

Studies relat ing to the physiological and biochemi-  
cal characteristics of isolated mi tochondr ia  have  
given rise to a n u m b e r  of speculations regarding 
the mechanism of swelling of thcsc organelles on 
the basis of the s t ructure  described by earlier in- 
vestigators. Electron microscopc studies on  iso- 
lated mi tochondr ia  have suggestcd tha t  the outer  
m e m b r a n e  becomes stretched dur ing  swelling, 

FIGURE 3 

A mitochondrion showing the reversal of the membrane at the arrow in the center. 
The arrow on the right points to a possible occurrence of this phenomenon. ER, endo- 
plasmic reticulum. Magnification 110,000. 

FIGURE 4 

A mitochondrion in which the reversal of the membrane is observed at two adjacent 
points. The single arrow points to a direct and immediate continuity of the outer mem- 
brane with a crista, and the double arrow points to the bending of the discontinuous 
components of the double membrane system away from the central continuous mem- 
brane. Such observations cannot be explained on the basis of a fold in the mitochondrial 
surface in the thickness of the section. In the space limited by the two arrows, the mito- 
chondrial and the cytoplasmic matrices appear continuous through the intermembrane 
channel. In the cytoplasm are observed segments of endoplasmic reticulum (ER) and 
free RNP granules. On the lower left is a portion of a lipid body (L). Magnification 
100,000. 
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because no folds have  been observed in it in the 
normal  state (21). O n  the other  hand ,  some in- 
vestigators have  assumed tha t  the m e m b r a n e  may 
break  up  and  tha t  a transfer of in ternal  mater ia l  
and  of the broken-up inner  m e m b r a n e  to the 
inner  surface of the outer  m e m b r a n e  may  take 
place (6 and  7). 

T h e  reversal of the mi tochondr ia l  membrane  
had  not  been observed and  reported by previous 
investigators. T he  success of the present au thor  in 
observing this s t ructure  lies in the fact tha t  he 
scanned sections of tissues at an  ins t rument  magni-  
fication of 20,000 in search of very small cyto- 
plasmic inclusions, when  any " i r regular i ty"  in 
cytoplasmic structures could become fairly ap- 
parent .  T h e  liver tissue itself, conta ining a large 
n u m b e r  of mi tochondr ia ,  provided a good system 
for observation.  T he  fact tha t  the reversal of the 
m e m b r a n e  has been observed in different samples 
of hamste r  liver and  in two other  tissues strongly 
suggests the reality of this structure. 

The  frequency of occurrence of the phenomenon  
of reversal in mi toehondr ia  of hamster  liver cells 
appears  to be fairly significant. I t  should, however,  
be pointed out  tha t  statistical da ta  of this na ture  
could not  be accurate,  since one is liable to miss, 
while scanning at 20,000 ins t rument  magnifica- 
tion, some mi tochondr ia ,  the n u m b e r  of which is 
again  difficult to determine.  O n  the other  hand ,  
one could count  the same mi tochondr ion  twice. 
Tak ing  these considerations into account,  a count  
of I0 to 15 mi tochondr ia  (out of 120 to 170 in one 
square  of a 200-mesh grid) exhibi t ing the reversal 
of m e m b r a n e  appears  significant. 

The  observed cont inui ty  between the outer  and 

the inner  mi tochondr ia l  membranes  suggests tha t  
they may  not  be two different and dist inct  entities 
as has been conventionally thought  (Fig. 9, left). 
If  it is assumed tha t  there is a single reversal which 
extends completely a round a circumference of a 
mi tochondr ion,  a longitudinal  section of the 
organelle could be diagramatical ly  represented as 
in Fig. 9, right. I t  is seen tha t  the mi tochondr ia l  
envelope consists of three different membranes ,  
AA ~, BB t, and  CCq I t  is also apparen t  tha t  the 
membranes  AA ~ and  BB ~ are not  physically held 
in position. They  could, however,  be held by 
molecules br idging the i n t e rmembrane  channel  
bu t  not  made  visible in the electron microscope. 
Dur ing  the swelling of a mi tochondr ion  by any  
mechanism,  the m e m b r a n e  components  AA ~ and 
BB ~ will always form a double  m e m b r a n e  system. 
If  dur ing  the swelling, the third componen t  CC ~ 
breaks up  at a few points and  is replaced by parts  
of AA ~ and  BB ~, the profile of an  extremely 
swollen mi tochondr ion  will appear  to be bounded  
by a single membrane ,  as observed in the electron 
micrographs of Watson and Siekevitz (21) and  
also in tha t  described above. If, on the other  hand ,  
two or more reversals, each extending along a cir- 
cumference,  cross one another ,  a m e m b r a n e  which 
forms the outer  envelope in one reversal system 
could form the inner  envelope in another  system. 
In  such case, the mi tochondr ia l  envelope would be 
a par t  of a single m e m b r a n e  unit .  I f  the reversals 
are localized in small areas, the envelope could 
again be visualized as a s ingle-membrane  unit.  A 
mi tochondr ion  could, therefore, have  ei ther  a 
single reversal a long a circumference or two or 
more reversals. The  lat ter  could ei ther  extend 

FIGURE 5 

A mitochondrion in which the outer membrane shows a clear and abrupt ending 
(arrow). Magnification 100,000. 

FIGURE 6 

A mitochondrion showing the outer and the inner discontinuous membranes bending 
away from the central continuous membrane (arrow). Magnification 80,000. 

FIGURE 7 

An elongated mitochondrion in a tubule cell of hamster kidney. The arrow in the 
center points to the reversal of the membrane,  while the two other arrows point to 
possible occurrences of the same phenomenon. A portion of the Golgi apparatus (GA) 
and a segment of a secretory vesicle are observed at the lower and upper central regions 
of the electron micrograph respectively. Magnification 120,000. 
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~IGURE 8 

A mitochondrion in a pellet obtained by differential centrifugation of a transplantable h u m a n  tumor. 
There  is a loss of the mitochondrial substance as evidenced by an absence of electron-opacity. At 
the arrow, the crista appears to be open to the external milieu, and at the double arrow, there ap- 
pears to be an overlapping of the two membranes.  Magnification 140,000. 
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]~GURE 9 

A diagram of the accepted membrane configura- 
tion of a mitochondrion on the left and of the 
observed and proposed structure in the center. 
On the accepted model, the inner membrane is 
continuous with the cristae, and the outer one 
is more or less like a shell enclosing the inner 
membrane system and the mitochondrial sub- 
stance. On the observed model, the inner and the 
outer membranes are continuous at certain points, 
leaving the other components of the double mem- 
brane system free. Thus cristae are also con- 
tinuous with the outer membrane.  The outer and 
the inner membranes are therefore a part  of a 
single membrane system. The  diagram on the 
right shows a section of a mitochondrion with a 
reversal of the membranes extending along a 
circumference. See text for an interpretation of 
this configuration. 

along two or more  circumferences or be localized 
in small areas. Since in the case of a single reversal, 
the three m e m b r a n e  systems are not  physically held 
together,  such a s t ructure  is not  though t  to be a 
true one. A normal  mi tochondr ion  is, therefore, 
conceived of as one hav ing  the  essential features 
described by Palade  bu t  exhibi t ing the reversal at  
a few points. T h e  n u m b e r  of these reversals and 
the extent  to which they lie on the  mi tochondr ia l  
surface p robab ly  depend on  the physiological state 
of the organdie .  

I t  could be argued tha t  the observed reversal of 
the mi tochondr ia l  m e m b r a n e  and  the free endings 
of the other  components  could be a result of a 
slight bend ing  of the  double  m e m b r a n e  system in 
the thickness of the section, as shown in Fig. 10. 
An electron beam passing th rough  the section 
along the direct ion BA r will form a darker  image 
in the electron microscope t han  tha t  formed by 
adjacent  beams passing th rough  points A and  C. 
In  the electron micrographs  this greater  density 
will give an  impression of a cont inui ty  between the 
outer  and  the  inner  mi tochondr ia l  membranes .  
At  the  same t ime, ' the  portions AD and  BrD r of the  

outer  and  the inner  membranes  respectively will 
appea r  to fade away towards the center  of the 
m e m b r a n e  system. Such instances were en- 
countered dur ing  these observations and  inter-  

preted accordingly. But  the bending  of the outer  
and  the inner  membranes  away from the central  
continuous m e m b r a n e  at points of the reversal of a 
mi tochondr ia l  membrane ,  and  their  possession of 
free ends in the cytoplasmic and  mi tochondr ia l  
matrices (Figs. 4 and 6) cannot  be conceived of as 
being due  to a fold wi th in  the thickness of the 
section. Similarly, the observat ion of ab rup t  end-  
ings in mi tochondr ia l  membranes  (Figs. 1, double  
arrow, and  5) cannot  be explained on  the  same 
basis, unless the membranes  h a p p e n  to bend  at 
r ight  angles, which  is highly improbable .  

I t  has been ment ioned  tha t  the  observed free 
endings of the membranes  make  the  cytoplasmic 
and  the mi tochondr ia l  matrices cont inuous 
th rough  the i n t e rmembrane  channel .  This  does 
not  m e a n  tha t  there  is a free passage of mater ia l  
between the  cytoplasm and  the mi tochondr ia  
th rough  the channel  100 A or more in width. I t  is 
known tha t  mi tochondr ia  behave  selectively dur-  
ing the t ranspor t  of mater ia l  to and  f rom the  cyto- 
p lasm (4). T h e  si tuat ion here  may  be analogous 
to tha t  in nuclei which possess pores 500 A or more  
in diameter .  

I~IGURE 10 

A diagram showing a bend in the surface of a 
mitoehondrion in the thickness of a section. In 
the electron microscope one would therefore 
observe an apparent continuity between the outer 
and the inner membranes. Also, in such a case, 
the apparently free and discontinuous outer and 
inner membranes will appear to fade away towards 
the central continuous membrane.  See text for 
interpretation. 
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I t  has been stated above tha t  the outer  and  the 
inner  membranes  of a mi tochondr ion  are a par t  
of a single m e m b r a n e  system. W h e n  the cristae 
unfold, the outer  as well as the inner  mi tochondr ia l  
surface increases in area. The  existence of free 
endings of the two membranes  also suggests tha t  
the two surfaces could slide relative to one another .  
The  swelling of a mi tochondr ion  will therefore 
occur as a result of two processes: (a) an  unfolding 
of the cristae, and (b) a relative sliding of the two 
membranes .  Al though the opening of the crista 
to the external  milieu and  the over lapping of the 
membranes  of the mi tochondr ion  in Fig. 8 support  
this mechan ism of swelling, an  electron microscope 
study of isolated mi tochondr ia  in different stages 
of swelling is still needed to confirm the above 
hypothesis. 

Al though  this s t ructure  of mi tochondr ia  has 
been  observed in different samples of hamste r  
liver and  also in two other  tissues, observations 
of this configurat ion in a n u m b e r  of tissues will 
be required to establish the universali ty of this 
structure.  

In  the past, a t tempts  have been made  to in- 

R E F E R E N C E S  

1. CAULFIELD, J. B., Effects of varying the vehicle 
for OsOa in tissue fixation, J. Biophysic. and 
Biochem. Cytol., 1957, 3, 827. 

2. CLAUDE, A., Fractionation of mammalian cells 
by differential centrifugation. II. Experi- 
mental procedures and results, J. Exp. Med., 
1946, 84, 61. 

3. DALTON, A. J.,  and ZEmEL, R. F., A simplified 
method of staining thin sections of biological 
material with lead hydroxide, 3". Biophysic. and 
Biochem. Cytol., 1960, 7, 409. 

4. DAVIES, R. E., Relations between active trans- 
port and metabolism in some isolated tissues 
and mitochondria, Syrup. Soc. Exp. Biol., 1954, 
8, 453. 

5. FINCX, H., Epoxy resins in electron microscopy, 
J. Biophysic. and Biochem. Cytol., 1960, 7, 27. 

6. FREnERIC, J.,  Action of various substances on the 
mitochondria of living cells cultivated in vitro, 
Ann. New York Acad. Sc., 1954, 58, 1246. 

7. HARMAN, J.  W., The cytochondria of cardiac and 
skeletal muscle, Internat. Rev. Cytol., 1956, 5, 
89. 

8. HOGEBOOM, G. H., SCHNEIDER, W. C., and 
PALADE, G. E., Cytochemical studies of mam- 
malian tissues. I. Isolation of intact mito- 
chondria from rat liver and submicroscopic 

terpret  the physiological findings on isolated and  
osmotically swollen or shrunken mi tochondr ia  on  
the basis of the accepted structure. I t  is hoped 
tha t  the present mi tochondr ia l  model  with a 
simple mechanism for swelling or shrinking will 
provide simpler explanations in unders tand ing  
the behavior  of mi tochondr ia  unde r  different 
physiological conditions. 

The author is grateful to Dr. B. Tandler of Memorial 
Sloan-Kettering Cancer Center, for his helpful sug- 
gestions and comments during this study. He is also 
appreciative of the interest shown by Dr. F. H. 
Shipkey of the same Center and Dr. G. E. Palade of 
The Rockefeller Institute in these observations. The 
technical assistance provided by Mrs. Monna  
Brandreth, Miss Cynthia C. Folkers, Miss Helen 
Zoccolillo, and Mr. Alvin H. Mclean is gratefully 
acknowledged. 
This study was carried out during the tenure of a 
Post-doctoral Fellowship from the Damon Runyon 
Memorial Fund for Cancer Research, Inc., and was 
aided by grants from the Hyde Foundation and the 
Brown-Hazen Fund. 

Received for publication, July 19, 1961. 

particulate material, J. Biol. Chem., 1948, 
172, 619. 

9. ORNSTEIN, L., and POLLISTER, A. W., Applica- 
tion of phase microscopy in cytology and 
electron microscopy, Tr. New York Acad. Sc., 
1952, 14, 194. 

10. PALADE, G. E., A study of fixation for electron 
microscopy, J. Exp. Med., 1952, 95, 285. 

11. PALADE, G. E., An electron microscope study of 
the mitochondrial structure, J. Histochem. and 
Cytochem., 1953, 1, 188. 

12. ROBERTSON, J. D., The ultrastructure of cell 
membranes and their derivatives, Biochem. Soc. 
Symp., 1959, 16, 3. 

13. SHIPKEV, F. H., and DALTON, A. J.,  Azodi-iso- 
butyronitrile (ADIB) as a catalyst for em- 
bedding tissues in methacrylate for electron 
microscopy, Abstract, 17th Annual Meeting 
of the Electron Microscope Society of America, 
1959, Columbus, Ohio. 

14. SJSSTRAND, F. S., Electron microscopy of mito- 
chondria and cytoplasmic double membranes, 
Nature, 1953, 171, 30. 

15. TANDLER, B., 1961, personal communication. 
16. TEDESCm, H., The structure of the mitochondrial 

membrane : Inferences from permeability 

512 ThE JOURNAL OF CELL BIOLOGY • VOLUME 1~, 196~ 

D
ow

nloaded from
 http://rupress.org/jcb/article-pdf/12/3/503/1473381/503.pdf by guest on 25 April 2024



properties, J. Biophysic. and Biochem. Cytol., 
1959, 6, 241. 

17. TOOLAN, H. W., Studies on the localization of 
tumor-specific antigens in the cells of trans- 
plantable human  tumors, Proc. Am. Assn. 
Cancer Research, 1960, 3, 157 (abst.). 

18. TOOLAN, H. W., and WALLACE, R. A., The rela- 
tive ability of cell-free fractions of the trans- 
plantable human tumor, H.Ep. $ 3, to produce 
H.Ep. $ 3 cytotoxins in rats, Cancer Research, 
1958, 18, 698. 

19. VATTER, A. E., and WOLFE, R. S., The structure 

of photosynthetic bacteria, J. Bact., 1958, 75, 
480. 

20. WATSON, M. L., Staining of tissue sections for 
electron microscopy with heavy metals. II. 
Application of solutions containing lead and 
barium, J. Biophysic. and Biochem. Cytol., 1958, 
4, 727. 

21. WATSON, M. L., and SIEKEVITZ, P., Cytochemi- 
cal studies of mitochondria. I. The separation 
and identification of a membrane fraction from 
isolated mitochondria, J. Biophysic. and Bio- 
chem. Cytol., 1956, 2, 379. 

S. CKANDRA Reversal of Mitochondrial Membrane 513 

D
ow

nloaded from
 http://rupress.org/jcb/article-pdf/12/3/503/1473381/503.pdf by guest on 25 April 2024


