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wh ich  in t e r m s  of d i f fus ion coeff ic ients  can  be  re- 
w r i t t e n  in  t he  fo rm 6 

jT  = _ D11 grad C 1 - -  Dis grad C 2 -- D13 grad C a. (8) 

The  in t e r - r e l a t i onsh ip  be t w een  t he  d i f fus ion coeff icients  
Dij, t h e  Onsager ' s  coeff ic ients  Lij  a n d  t h e  t h e r m o d y -  
n a m i c  coupl ing  coeff ic ients  txlj c an  be  expressed  as t h e  
p r o d u c t  of t he  mat r ices .  

[Dll DI2 DlZ] ~ [Ll l+nLsl  L12+nL3s L13+nL3s]] 

[Ix" Ex'~ ~'31 ~, (9) 

J L~31 ~ss ~33J 

I n  v iew of t he  c o n s e r v a t i o n  e q u a t i o n  

C 2 + C a = Constant  (10) 

e q u a t i o n  (8) can  f u r t h e r  be  t r a n s f o r m e d  in to  

j T  = __Dll grad C 1 - -  (Dla D12 ) grad C 3 �9 (11) 

Thus  in e q u a t i o n  (11) for t he  e x t e r n a l l y  m e a s u r e d  overa l l  
f low of oxygen,  jT ,  the  cross phenom eno l og i ca l  coeffi- 
c ien ts  w h i c h  were neglec ted  in t he  ana lys i s  b y  ear l ier  
workers  6, h a v e  been  t a k e n  in to  account .  I t  is obv ious  
f rom e q u a t i o n  (11) t h a t  t he  overa l l  oxygen  flow, jT, is 
composed  of 2 componen t s ,  t he  d i f fus iona l  flow of free 
oxygen  a n d  t he  flow of h a e m o g l o b i n - b o u n d  oxygen,  re- 
p r e sen t ed  respec t ive ly  b y  t he  f i rs t  and  second t e r m s  on  
t he  r i g h t - h a n d  side of e q u a t i o n  (11). 

I n t e g r a t i n g  e q u a t i o n  (11) b e t w e e n  x -  0 a n d  x = h, 
keep ing  in m i n d  t h a t  j T  is c o n s t a n t  in  t he  s t e a d y  s ta te ,  
we get  : 

= ~ (C ~  C ~ ) +  ( D18--h Dis ) (C~ --C~). (12) j r  

I n  i n t e g r a t i n g  e q u a t i o n  (11) to  get  e q u a t i o n  (12), use ha s  
also been  m a d e  of t h e  a p p r o x i m a t i o n  t h a t  DI1, Dis a n d  
Dla can  be  t r e a t e d  as c o n s t a n t s  w h i c h  do n o t  v a r y  w i t h  
concen t r a t i on .  The  supersc r ip t s  0 a n d  h in e q u a t i o n  (12) 
refer  to  t h e  c o n c e n t r a t i o n s  a t  x = 0 a n d  x = h, respec-  
t ively .  T h e  f i r s t  t e r m  on t he  r i g h t - h a n d  side of e q u a t i o n  
(12) w h i c h  r ep re sen t s  t he  d i f fus iona l  flow of free oxygen  
is d e t e r m i n e d  en t i r e ly  b y  t he  e x t e r n a l  oxygen  pressures .  

I t  c an  be  seen f rom e q u a t i o n  (12) t h a t  w h e n  p i ,  = 0, 
C~ = 0 a n d  hence  j T  t akes  i t s  m a x i m u m  value .  As p i i  
increases,  t h e  second t e r m  on t he  r i g h t - h a n d  side de- 
creases, t h u s  lower ing  tile v a l u e  of jT .  F u r t h e r ,  w h e n  p i 
and  p i i  are b o t h  k e p t  ve ry  large  so t h a t  h a e m o g l o b i n  is 
s a t u r a t e d  w i t h  oxygen  a t  b o t h  t he  b o u n d a r i e s  of t he  
m e m b r a n e ,  i.e. C O m C~, t h e  second t e r m  in e q u a t i o n  
(12) becomes  negl igible  and  all  t he  oxygen  t r a n s p o r t  is 
due  to  t h e  d i f fus ion of d issolved free oxygen  only.  

I t  m u s t  be  m e n t i o n e d  here  t h a t  t he  conclus ions  der ived  
above  f rom e q u a t i o n  (12) are in  c o n f o r m i t y  w i t h  t h e  
o b s e r v a t i o n s  of SCHOLANDER et  al. 1, s. 

Zusammenfassung. Die Scho l ande r schen  Be funde  fiber 
den  S a u e r s t o f f t r a n s p o r t  d u r c h  H g m o g l o b i n l 6 s u n g e n  wer-  
den  auf  de r  Bas is  der  i r r eve r s ib len  T h e r m o d y n a m i k  
b e h a n d e l t .  
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On the Origin of Adenosine Triphosphate in Chromaffin Granules 

The  c a t e c h o l a m i n e  (CA) granules  h a v e  a h i g h  c o n t e n t  of 
adenos ine  t r i p h o s p h a t e  (ATP),  co r r e spond ing  to  a b o u t  
15% of t he  d ry  we igh t  of t he  granules  1. T he  or igin of t h i s  
A T P  is n o t  known.  There  is no  ev idence  t h a t  i t  is fo rmed  
w i t h i n  t h e  granules .  However ,  a d e n y l a t e  k inase  (AK), 
which  is genera l ly  r ega rded  as a m i t o c h o n d r i a l  enzyme,  
has  been  r epo r t ed  to  occur  in  CA granu le  p repara t ionsS .  
Th i s  impl ies  t h a t  t h e  CA granules  m i g h t  be  able  to  p rov ide  
t h e m s e l v e s  w i t h  A T P  b y  t he  r eac t ion  2 A D P  ~ A T P  + 
AMP.  On t he  o the r  h a n d ,  t he  resul t s  need  conf i rma t ion ,  
since m i t o c h o n d r i a l  c o n t a m i n a t i o n  in these  g ranu le  pre-  
p a r a t i o n s  was no t  ru led  out .  The  a im of t h i s  s t u d y  is to  
r e inves t iga t e  th i s  ques t ion  b y  us ing  2 d i f fe ren t  t e chn iques  
for t he  pu r i f i ca t i on  of CA granules .  

Methods. B o v i n e  ad rena l s  were o b t a i n e d  a t  t h e  
s l augh te rhouse  w i t h i n  20 ra in  a f t e r  t he  an i m a l s  were 
killed, a n d  i m m e d i a t e l y  chil led wi th  ice. T he  medu l l a  was  
d issected  ou t  a n d  homogen ized  in 5 vol. of 0.25 M sucrose  
b y  P o t t e r - E l v e h j e m  tef lon  glass e q u i p m e n t .  Coarse 

par t ic les  were r e m o v e d  b y  low speed c e n t r i f u g a t i o n  
(800 g for 10 rain).  

CA granules  in  t he  s u p e r n a t a n t  were i so la ted  in 2 
d i f fe ren t  ways  : (a) The  low speed s u p e r n a t a n t  was  passed  
t h r o u g h  a succession of m e m b r a n e  f i l ters  (Millipore F i l t e r  
Corp., Bedford ,  Mass.) f rom 3 V to  0.3 tx as descr ibed  b y  
OKA et  al. 3. The  f i l t r a tes  were cen t r i fuged  a t  15,000 g for  
15 m i n  a n d  t he  pel le ts  were r e suspended  in  0 . 2 5 M  
sucrose solut ion.  (b) The  low speed s u p e r n a t a n t  was  cen t r i -  
fuged a t  15,000 g for  15 rain.  The  pel le t  was  r e suspended  
in 0 . 2 5 M  sucrose a n d  layered  on to  c o n t i n u o u s  l inea r  
sucrose g r ad i en t s  (0 .35-2 .2M)  a n d  cen t r i fuged  a t  

1 N.-A. I-tlLLARP, Acta physiol, scand. 47, 271 (1959). 
2 N.-A. HILLARP, Acta physiol, scand. 42, 144 (1958). 
z M. OKA, T. OHUCHI, H. YOSHIDA and R. IMAIZUMI, Life Sci. 5, 427 

(1966). 
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286,000 g ( m a x ) f o r  75 rain in a Beckman  L2 65 B 
(SW 40 rotor).  The gradients  were f rac t ioned  wi th  Pas t eu r  
p ipe t tes .  

A K  was assayed spec t ropho tome t r i ca l ly  ~, cy toch rome  
oxidase  polarographical ly~,  ca techolamines  f luorimetr i -  
cally ~, monoaminoox idase  (MAO) rad iometr ica l ly  ~ and 
p ro te in  w i th  pheno l - reagen t  ~. 

Results and discussion. No A K  ac t iv i ty  was found in the  
0.3 [x f rac t ion ob ta ined  by  the  m e m b r a n e  fi l ter  technique ,  
even af ter  the  add i t ion  of de te rgen t  (Lubrol, ICI). This  
t echn ique  has been  repor ted  to  be the  bes t  m e t h o d  to  get  
pure  CA granules ~. However ,  i t  is necessary  to be caut ious  
in in t e rp re t ing  the  p resen t  results,  since we were no t  able 
to  ob ta in  the  h igh  recoveries of CA granules previous ly  
r epor ted  a. Fur the rmore ,  the re  is evidence of some par t ia l  
des t ruc t ion  of CA granules by  squeezing t h rough  the  
fi l ters 8. 

The dens i ty  gradients  fo rmed  are shown in the  Figure.  
The d a t a  are p resen ted  d i ag rammat i ca l ly  according to DE 
DUVE et al. ~. The re la t ive specific act ivi t ies  in re la t ion to 
p ro te in  in the  d i f ferent  pa r t i cu la te  f ract ions  as well as in 
t he  low speed s u p e r n a t a n t  are d rawn  on the  ordinate .  The 
d i s t r ibu t ion  of p ro te in  in t he  4 d i f ferent  subf rac t ions  is 
p lo t t ed  along the  abscissa. The figure reveals  3 d i f ferent  
d i s t r ibu t ion  p a t t e r n s :  one for cy toch rome  oxidase  and 
MAO, a second for A K  and  a t h i rd  for CA. The d is t r ibu-  
t ion  p a t t e r n  of MAO was qua l i t a t ive ly  ident ical  wi th  t h a t  
of cy toch rome  oxidase.  Since th is  enzyme is general ly 
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The fractionation of sucrose density gradient tubes is shown to the 
right. The protein content in the different fractions in per cent of the 
load is plotted on the abscissa. The relative specific activities (RSA) 
of the enzymes and the eatecholamines are drawn in this figure. 
Total amounts, activities and recoveries. Experiment I: Protein 
9.5 mg/ml (93.8%); AN, 0.63 ~mol NADH/min mg protein (96.0%); 
MAO, 0.46 nmol tryptamine/min mg protein (137.7%); Cytoehrome 
oxidase 0.9 Exmol O~/min mg protein (111%); CA, 0.18 mg/ulg protein 
(94.8%). Experiment II: Protein 11.2 mg/ml (110.8%); AK, 0.38 
~mol NADH/min mg protein (88 %) ; MAO, 0.40 nmol tryptamine/min 
mg protein (81.4%) ; Cytochrome oxidase 0.66 ~xmol O2/min mg protein 
(118%); Cateeholamines 0.18 mg/mg protein (113.4%). 

bel ieved to be localized exclusively in the  mi tochondr i a  
and  is widely used as a mi tochondr ia l  marker  in t issue 
f rac t iona t ion  studies,  th is  f inding suppor t s  the  concep t  
t h a t  MAO in the  adrenal  medul la  is likewise located in the  
mi tochondr i a  z0. 

A K  was enr iched in 2 subf rac t ions  : in a soluble f rac t ion 
on top  of the  gradient ,  cor responding  in volume to  the  
load of the  gradient ,  and  in a par t i cu la te  fract ion,  in 
which  the  marker  for mi tochondr ia ,  i.e. cy toch rome  
oxidase,  was also accumula ted .  However ,  in the  f ract ion 
conta in ing  mos t  of the  CA, the  re la t ive specific ac t iv i ty  of 
A K  was lower t h a n  t h a t  of cy toch rome  oxidase and MAO. 
This  m a y  be due to  t he  fac t  t h a t  A K  is very  readi ly  re- 
leased f rom the  mi tochondr i a  in con t r a s t  to o ther  soluble 
enzymes,  as for ins tance  those  associated wi th  the  citric 
acid cycle it. 

Our f rac t iona t ion  d a t a  and  the  fact  t h a t  A K  is readi ly  
realeased f rom the  mi tochondr i a  favour  the  i n t e rp re t a t i on  
t h a t  A K  in the  in tac t  cell is ma in ly  or exclusively asso- 
c ia ted wi th  the  same organelles as are cy toch rome  
oxidase  and MAO: i.e. t he  mi tochondr ia .  However ,  some 
A K  as well as CA was also found in f rac t ion I, p ro b ab ly  
ref lect ing leakage f rom damaged  part icles  dur ing  the  
p repa ra t ive  procedures.  

On the  basis of our  resul ts  one canno t  exclude the  
poss ibi l i ty  t h a t  a minor  p a r t  of the  A K  in the  in tac t  cell is 
loosely associated wi th  t he  CA granules,  a l though  this  
i n t e rp re t a t i on  does no t  seem very  probable .  Thus  the  
p re sen t  resul ts  do not  give any  di rect  suppor  t for produc-  
t ion  of A T P  in the  CA granules  by  means  of a local 
sys t em involving A K  12. 

Rdsumd. Les granules chromaff ines  con t i ennen t  de 
fortes quant i t6s  de nucl6ot ides (ATP). L 'origine de cet  
A T P  est  inconnue,  mais  il a 6t6 admis  impl i c i t ement  que 
la r6act ion A D P ~  A T P  + AMP est  catalys6e par  
l ' enzyme  ad6nyla te  kinase.  Nous avons  recherch6 la pr6- 
sence de cet  enzyme dans  des granules isol6s en g rad ien t  
de densi t6 de sucrose. 
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