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Werte ,  die 2-3mal  h6her  sind, als bei Erwachsenen .  Die 
Befunde  werden  im Bezug auf die niedrige L ipaseak t iv i t~ t  
des gas t ro in tes t ina len  Traktes  sowie auf die hohe  Fe t t -  
au fnahme  w~hrend  der  S~tuglingsperiode diskut ier t .  

A. EISEN, P. HOLTZAPPLE and O. I~OLDOVSK~- 

Division of Biochemical Development and 
Molecular Diseases, Children's Hospital of Philadelphia 
and Dept. of Pediatrics, University of Pennsylvama, 
School of Medicine, 7 3th a~d Bainbridge Sfreets, 
Philadelphia (Pennsylvania, USA), 
25 September 7972. 

D i s t r i b u t i o n  of  a R e n i n - L i k e  E n z y m e  in  t h e  B o v i n e  A d r e n a l  G l a n d  

The adrena l  gland of the  r abb i t  conta ins  an enzyme 
t h a t  reacts  in v i t ro  w i th  na t ive  renin  subs t r a t e  to form a 
vasopressor  polypept ide ,  p robab ly  angiotens in  11. Re-  
cently,  HAYDUCK, et  ah 2, found a similar  enzyme in the  
adrenal  gland of the  dog. W h e t h e r  the  renin-l ike enzyme  
reacts  wi th  renin subs t r a t e  in vivo is no t  known.  However ,  
in v iew of the  effects of angio tens in  on the  secret ion of 
a ldos terone  and medul la ry  catecholaminesa ,  4, the  possi- 
b i l i ty  exists  t h a t  the  enzyme influences specific adrenal  
gland funct ions.  In  the  p resen t  invest igat ion,  a renin-l ike 
enzyme  was found  in bovine  adrena l  gland, and  a s t u d y  
was made  of its d is t r ibut ion .  

Adrenal  glands were d issec ted  (at 4~ as soon as 
possible (1-2 h) af ter  s laughter .  The glands were cut  wi th  
a razor  blade into cross-sect ions (2-3 m m  thick).  Each  
cross-sect ion was cut  to  yield the  following pieces:  
1. cortex,  2. cor t icomedul la ry  junct ion ,  3. medul la  and  
4. cen t ra l  vein. A d h e r e n t  capsular  t i s sue  was no t  r emoved  
f rom the  cort ical  pieces. Similarly,  it  was no t  possible to 
separa te  the  cent ra l  vein f rom a smal l  a m o u n t  of medul-  
lary tissue. 

The t issue pieces were weighed,  homogenized,  and  then  
dist i l led wa te r  was added,  2 ml/g  wet  weight  of t issue. 
The homogena te s  were frozen and  t h a w e d  twice using a 
solid CO2-ethanol slurry.  The homogena te s  were centr i -  
fuged at  1,690 • a t  4~ for 30 min  to  r emove  t issue 
debris.  The s u p e r n a t a n t s  were dialyzed agains t  Na~HPO 4- 
citric acid buffer,  p H  2.6, a t  4~ for 24 h, t h e n  against  
wa te r  for 6 h, a n d  finally agains t  3 m M  Na~ - E D T A  for 
24 h. If, a t  the  end of th is  t ime,  the  ex t r ac t s  were no t  free 
of ca techolamines  (es t imated in t e rms  of effects on mean  
ar ter ial  blood pressureS), dialysis was con t inued  using 
1 m M  sodium p h o s p h a t e  buffer,  p H  7.0, for ano the r  24 h. 
Prec ip i ta tes  fo rmed dur ing  dialysis were r emoved  by  
cen t r i fuga t ion  a t  1,690 xg, at  4~ for 30 rain. P ro te in  
concen t ra t ions  were measured  by  the  m e t h o d  of WAR- 
BURG and CHRISTIAN 6. 

One ml of dialyzed extract was added to 2 ml of rabbit 
renin substrate (2,000 ng of angiotensin content/ml) 
buffered at pH 6.0, the pH optimum of the reaction I, ~, s. 
Soybean trypsin inhibitor, Na 2 �9 EDTA and dimercaprol 

were added  to inhibi t  kallikrein and  angiotens inase  
enzymes  ~-9. The reac t ion  mix tures  were  free of angio- 
tens inase  act iv i ty .  The incuba t ion  was carried out  a t  
37~ Samples  were t aken  lor assay af ter  1, 2 and 3 h of 
incubat ion .  Renin- l ike  ac t iv i ty  was measured  in t e rms  of 
ng of angiotens in  fo rmed/ml /h .  Angio tens in  was assayed 
using the  nlean ar ter ia l  b lood pressure  response  of the  
pen to l in ium- t rea ted ,  anes the t ized  ra t  5. Ash 1, VaP-angio-  
t ens in  I I  was used as t he  s t an d a rd  reference c o m p o u n d .  

Resul t s  are shown in the  Table. Per  g wet  weight ,  the  
medul la  con ta ined  11-times more  renin-l ike ac t iv i ty  t h a n  
did the  cortex.  Poss ib ly  because of the  higher  l ipid 
con ten t  of cortex,  the  enzyme act ivi t ies  of cor tex  and 
medul la  per  mg of p ro te in  were much  closer. The cort ical  
pieces of t issue were no t  freed of ad h e ren t  capsule,  
raising the  possibi l i ty  t h a t  the  cor tex  itself has  l i t t le or 
no renin-Iike act iv i ty .  On this  point ,  it  m a y  be re levant  
t h a t  GOORMAGHTIGH and ~-IANDOVSKY 10 have  descr ibed 
modif ied smoo th  muscle cells, s imilar  to  the  j u x t a g l o -  
merular  cells of the  renal  a f fe ren t  arterioles,  in the  capsule 
of the  adrenal  gland. F u r t h e r  suppor t  for t he  poss ibi l i ty  
t h a t  cor tex  conta ins  l i t t le  or no renin-Iike ac t iv i ty  arises 
f rom the  observa t ion  t h a t  t he  enzymic  ac t iv i ty  of the  
cor t icomedul la ry  junct ion,  per  g wet  weight ,  is no t  the  
mean  of the  cort ical  and  medul la ry  activi t ies.  In  fact,  the  
specific ac t iv i ty  (ac t iv i ty /mg of protein)  0f the  renin-l ike 
enzyme of the  cor t icomedul la ry  junc t ion  is less t h a n  t h a t  
of e i ther  cor tex  plus capsule or medulla.  

The cent ra l  vein  was of in te res t  because of i ts  large 
apical  crescent  of s m o o t h  muscle,  which  is p e n e t r a t e d  by  
a va r i e ty  of small  veins dra ining the  cor tex and  medulla.  
I t  w a s  t h o u g h t  t h a t  a large concen t ra t ion  of renin-l ike 
enzyme in or a round the  ap ica l  crescent  could, by  releasing 
angiotensin,  affect  venous  dra inage and  t h e r eb y  e i ther  
reduce flow or affect  a red i s t r ibu t ion  of f low wi th in  t he  
gland. 

As shown in the  Table,  the  renin-l ike ac t iv i ty  of the  
cent ra l  vein is abou t  65% t h a t  of medul la  and  thus  is in 
grea t  excess of t h a t  accounted  for by  t r ap p ed  blood 
(average renin ac t iv i ty  of i ng/ml/h) .  However ,  it  was no t  
possible to  ob ta in  cent ra l  vein t issue w i t h o u t  some 

Distribution of the renin-like enzyme in bovine adrenal gland 

Tissue ng of angiotensin released per h 

per g w e t  per mg of 
weight protein 

Cortex 18 15 
Corticomedullary junction 37 10.5 
Medulla 200 27 
Central vein 128 14.5 

Tissue segments were separated, extracted and assayed as described 
in the text. These values are the means of 4 experiments. The varia- 
tion among experiments was less than 10%. 
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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  

x A. L. LEHNINGER, ]~. CARAFOLI and C. S. RossI, Adv. Enzymol. 29, 
259 (1967). 
C. RossI, A. AzzI and G. F. AzzoNE, J. biol. Chem. 2d2, 951 (1967). 

a B. REYNAFARJE and A. L. LEHNINGER, J. biol. Chem. 2d4, 584 
(1969). 

4 E. CARAFOLI and A. L. LEHNINGER, Biochem. J. 122, 681 (1971). 
5 L. MELA, Arch. Biochem. Biophys. 123, 286 (1968). 
6 L. 1VrEEA and B. C~ANCE, Biochem. biophys. Res. Commun. 35, 556 

(1969). 
A. L. LEHNINGER and E. CARAFOLI, in Biochemistry o/the Phago- 
cytic Process (Ed. J. SCHULZ; North Holland, Amsterdam 1969), 
p. 9. 

s E. CARAFOEI, Bioehem. J. 116, 2 (1969). 
E. CARAFOLI and C. S. RossI, Adv. Cytopharmac. 1,209 (1971). 


