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adhe ren t  medul la ry  tissue. By inspect ion,  less t h a n  10% 
of the  weight  of the  cent ra l  vein  pieces was made  up of 
medul la ry  tissue. Therefore,  unless there  is a g rad ien t  
of renin-like enzyme in the  medulla,  such t h a t  mos t  of the  
medul la ry  enzyme  is ad jacen t  to the  centra l  vein, i t  
would appear  t h a t  cent ra l  vein  itself conta ins  re la t ively  
large quant i t i es  of renin-l ike act iv i ty .  

These da t a  show t h a t  t he  bovine adrenal  gland conta ins  
an enzyme t h a t  is s imilar  to  renin in all respects  tested.  
The enzyme does no t  pass  t h rough  dialysis m e m b r a n e s  
and  does no t  have  an absolute  r equ i r emen t  for those  
meta ls  chela ted  by  E D T A  and  d imercaproU -9. The 
enzyme is s table  for several  hours  a t  p H  2.6, 4~ I t  reacts  
wi th  r abb i t  renin  subs t ra te  to  fo rm a p roduc t  capable  of 
causing a t r ans i en t  rise of mean  ar ter ia l  b lood pressure.  
No p roduc t  is formed in the  absence of subst ra te ,  and  no 
p roduc t  is fo rmed if e i ther  the  enzyme or subs t r a t e  is 
hea t ed  in a boil ing wa te r  b a t h  before prepar ing  the  
react ion mix ture .  The react ion p roduc t  is s table  in boiling 
wa te r  bu t  is inac t iva ted  by  t ryps in  and  chymot ryps in .  
The adrenal  renin-l ike enzyme is d is t inguished f rom 
pseudorenin  in t h a t  the  adrena l  enzyme  is react ive  wi th  
na t ive  renin subs t r a t e  in the  presence  of o ther  p la sma  
componen t s  n.  

The a p p a r e n t  wide d is t r ibu t ion  in bovine adrenal  gland 
of an enzyme capable  of releasing angiotens in  is cons is tent  
wi th  t he  concept  t h a t  the  in t rag landu la r  release of angio- 
t ens in  could regulate  some adrena l  secretions.  As shown 
by LARAGH, et al. a and 17"ELDBERG and  LEWIS% angio- 
t ens in  II,  in low concent ra t ions ,  s t imula tes  the  release of 

medul la ry  ca techolamines  and aldosterone.  Higher  
concen t ra t ions  s t imula te  the  secret ion of cor t icosterone 12. 
Al though renin-l ike enzymes  occur in several  o ther  tissues, 
in no o ther  organ or gland are there  more  clearly demon-  
s t r a t ed  effects of angiotensin.  However ,  there  is, as yet ,  
no evidence t h a t  t he  adrenal  renin-like enzyme  has  
access to  and  reacts  wi th  renin subs t r a t e  in vivo. 

Rdsumd. La glande surr6nale bovine con t ien t  un enzy- 
me qui r6agit  avec l ' angiotensinog6ne pour  former  de 
l 'angiotensine.  L ' e n z y m e  est  dis tr ibu6 dans  tou te  la 
glande surr6nale, en plus grande  quant i t6  dans  la m6dul- 
losurr6nale et  dans  la veine centrale.  Vu Ies effects bien 
connus  de l ' angio tens ine  sur la s6cr6tion de I 'aldost6rone 
et  sur les ca t6cholamines  de la m6dutlosurr6nale,  il est 
possible que l ' enzyme <~r6nine-semblable~ influence les 
fonct ions  sp6cifiques de la glande surr6nale. 
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The Reaction of Ca ++ with the Inner and Outer Membrane of Mitochondria 

In  addi t ion  to t he  energy- l inked t r a n s p o r t  of Ca++ 1, and 
to the  me tabo l i sm i n d e p e n d e n t  Ca ++ b ind ing  2, ano the r  
t y p e  of Ca++ b inding  has  been  descr ibed in isolated mi to-  
chondr ia  a,4. In  th is  react ion,  small  amoun t s  of Ca++ are 
bound  wi th  ve ry  high aff in i ty  to  specific si tes in the  
mi tochondr ia l  membranes .  Sca tcha rd  plots  of th is  t y p e  of 
b ind ing  have  led REYNAFARJE and  LEI-ININGER 3 tO pos- 
tu la te  carrier molecules specific for Ca++, a conclusion 
also reached  by  MELA and CHANCE ~, 6. The role of t he  high 
aff in i ty  b ind ing  in the  act ive  t rans loca t ion  of Ca ++ has  
been discussed 3, 7-~, and  the  two processes go paral lel  in 
some mi tochondr ia l  and  submi tochondr i a l  p repa ra t ions  3. 
I t  was t h o u g h t  t h a t  in fo rmat ion  on th is  p rob lem could be 
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Fig. 1. Stimulation of the respiration of the inner membrane plus 
matrix fraction by ADP and by Ca ++. Technical details are described 
in Methods. Temperature 25 ~ Final volume 2 ml. 1st and 2nd trace 
from the left: inorganic phosphate present. 3rd trace from the left: 
inorganic phosphate absent. 

obta ined  f rom a s t u d y  of the  d is t r ibu t ion  Of the  Ca++ 
b ind ing  sites be tween  the  inner  (IM) and the  outer  (OM) 
mi tochondr ia l  membrane .  Indeed ,  t he  la t t e r  does no t  
pa r t i c ipa te  in t he  energy- l inked t r a n s p o r t  of Ca++; if t he  
high aff in i ty  sites p lay  any  role in the  act ive t ranslocat ion,  
t h e y  should be absen t  f rom the  OM. 

Materials and methods. Mitochondr ia  were p repa red  
f rom ra t  l ivers by  the  s t an d a rd  sucrose procedure  of 
SEHINEIDER 1~ The 2 m e m b r a n e s  were separa ted  accord- 
ing to  SCHNAITMAN and GREENAWALTll. Malic dehydro-  
genase and  monoamine  oxidase  were de t e rmined  as 
descr ibed b y  SCHNAITMAN et at. 1~, b u t  t he  t e m p e r a t u r e  
of t he  monoamine  oxidase med i u m was 21~ ins tead  of 
37~ Cytochrome oxidase was de t e rmined  polarographi-  
cally w i th  a Clark electrode,  in a m e d i u m  conta in ing  
0.04 M p h o s p h a t e  buffer,  p H  7.4, 0.0004 M A1C13, 
0.015 M Na-ascorbate ,  0.0001 M cy toch rome  C, i mg  
lubrol, and  0.05-2 mg of enzyme  prote in .  Volume,  2 ml, 
t empera tu re ,  25~ Resp i r a to ry  contro l  by  A D P  or by  
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Ca ++ was followed polarographica l ly  in the  m e d i u m  
descr ibed by  SCttNAITMAN and  GREENAWALT 12, w i th o u t  
E D T A  and  w i thou t  MgC12. Succinate  was the  resp i ra to ry  
subs t ra te .  45CaC12 up take  was de t e rmined  wi th  Millipore 
f i l t ra t ion.  High  and  low aff in i ty  Ca ++ bindings  were 
measured  as descr ibed by  ~EYNAFARJE and LIEHNINGER a, 
in a to ta l  vo lume of 1 ml. 
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Fig. 2. Respiration driven and ATP driven Ca ++ uptake by the inner 
membrane plus matrix fraction. Technical details in Methods. 
Concentrations: DNP, 0.0001M; antimyein A, 0.2 [xg per mg of 
protein; enzyme protein, 20 mg. Temperature 25~ In the upper 
and middle graph the uptake was energized by respiration, in the 
lower by ATP. In the ATP-driven system, no respiratory substrate 
was added. 0.0005 M ATP and 0.2 ~g antimieyn A per mg of enzyme 
protein were present. 
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Fig. 3. Scatchard plots of high and low affinity Ca ++ binding by the 
inner and outer membranes of mitoehondria. 1 ml total volume, 
containing 2.5 mg enzyme protein. I min incubation, at 0~ Other 
technical details in Methods. 

Results and discussion. The  specific act ivi t ies  of 
cy toch rome  oxidase,  malic dehydrogenase ,  and  mono-  
amine  oxidase  ind ica ted  a good separa t ion  of the  2 mem-  
branes.  In  the  e lectron microscope,  t he  IM f rac t ion  
consis ted of closed sacs conta in ing  a dense m a t r i x  
mater ia l ,  while mos t  of the  OM fract ion consis ted  of 
e m p t y  vesicles and  non-ves icular  f ragments .  Af te r  
negat ive  staining,  b o t h  profiles of these  non-ves icular  
f r agment s  appeared  smooth ,  rul ing out  the  IM as the i r  
possible source. 

As a l ready shown by  SCHNAITMAN and GREENAWALT 11, 
the  resp i ra t ion  of t he  IM (plus mat r ix)  f rac t ion  was 
increased revers ib ly  by  ADP.  Figure 1 shows t h a t  
resp i ra to ry  s t imula t ion  was induced  also by  Ca++. The 
s t imula t ion  was reversible in the  absence of inorganic  
phospha te ,  and  i rreversible  in its presence.  The presence  
of energy- l inked t r a n s p o r t  of Ca++ in the  IM f rac t ion  was 
conf i rmed di rec t ly  by  the  Millipore f i l t ra t ion  expe r imen t  
shown in Figure 2. The up take  could be suppor t ed  by  
e i ther  resp i ra t ion  or ATP,  and the  sens i t iv i ty  to inhib i tors  
was as expected .  In  th is  respect ,  the  IM (plus mat r ix)  
f rac t ion differs f rom the  pur i f ied  IM vesicles in which  
PEDERSEN and  CoTu 13 could no t  f ind A T P - s u p p o r t e d  
up take  of Ca 2+. As expec ted  f rom the  resul ts  ob ta ined  in 
in tac t  mitochondria1% Ca ++ was ma in t a ined  in the  IM 
f rom shor te r  t imes  in t he  presence  of inorganic  phospha te .  
No act ive  t r a n s p o r t  of Ca ++ was found on the  o the r  h a n d  
in the  OM fraction.  

Sca tchard  plots  of h igh and  low aff in i ty  Ca++ b ind ing  
were b iphasic  in the  IM, and  rect i l inear  in the  outer  
(Figure 3). Thus, b o t h  m e m b r a n e s  possessed the  low- 
af f in i ty  Ca ++ b inding  sites (50-60 per  mg of p ro te in  in 
b o t h  membranes) ,  b u t  t he  af f in i ty  of these  si tes for Ca ++ 
was s l ighthly  lower in the  OM (Ka 100-150 ~ M  versus  
50-80 ~M in the  IlV[). The h igh-af f in i ty  s i tes ,  on the  
o ther  hand ,  are p resen t  only  in the  IM. Thei r  n u m b e r  
(4-7 mg protein)  and the i r  af f in i ty  for Ca ++ (Ka, 1 [zM) is 
abou t  the  same as in in tac t  m i t o c h o n d r i a .  The presence  
of the  h igh  aff in i ty  si tes in the  inner  mi tochondr ia l  
membrane ,  across which  the  energy- l inked t r a n s p o r t  of 
Ca++ takes  place, and  the i r  absence f rom the  outer  
membrane ,  which has no act ive  t r a n s p o r t  capabil i t ies ,  
p rovide  addi t iona l  evidence for the i r  i nvo lvemen t  in the  
energy- l inked t r a n s p o r t  of Ca ++ 1~. 

Riassunto. ~ s t a t a  s tud ia t a  la d is t r ibuzione  del 
t r a spor to  a t t ivo  del Ca++ e dei siti  ad aIta e bassa  affinit& 
per  il Ca++ t ra  la m e m b r a n a  es terna  e i n t e rna  dei mi to-  
condr i  di  legato.  La  membra l l a  in t e rna  t r a s p o r t a  a t t iva -  
m e n t e  il Ca++, la m e m b r a n a  es te rna  non  ~ in grado di  
farlo. A mb ed u e  le m e m b r a n e  posseggono i si t i  a bassa  
affinit&, men t r e  i siti  ad al ta  affinit& si t rovano  solo sulla 
m e m b r a n a  interlla.  
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