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citoplasma, dove,  con mol t a  probabil i tA en t rano  nel gioco 
della formazione dei globuli  di vi tel lo.  

I r i su l ta t i  r appresen tano  al tresi  una  confe rma  di  quell i  
Ottenuti da  var i  a l t r i  autori ,  che hanno  appun to  r i levato ,  
nel mater ia le  pih diverso, l 'es t rusione nucleolare.  

a real  passage of small  nucleoli  f rom the  nucleus to the  
cy toplasm.  Thus  no t  all the  nucleoli  which appear  l i t t le  by  
l i t t le  in t he  nucleus  are  amphinucleot i .  

~{ARIA PIA ALBANESE 

Summary. The  au thor  has  found in increasing ovocytes  Istituto di Zoologia e di A natomia comparata dell' Universith 
of Patella coerulea, par t i cu la r ly  in the  nuclear  membrane ,  di 3Iessina (Italia), il 20 A prile 1964. 

I n t r a c e l l u l a r  P h o s p h a t e  R e l e a s e  b y  
t h e  N a + - K + - A c t i v a t e d  M e m b r a n e  A T P a s e  

An A T P a s e  ac t iv i ty  associated wi th  cell membranes  
has been shown to depend on the s imul taneous  presence 
of I~+ on the  ex te rna l  and of Na  + on the  in te rna l  surface 
of t he  membrane1 ,  ~-, whereas  the  substra te  (ATP) has  to  
be present  on the  in terna l  surface of the m e m b r a n e  in 
order to have  access to the  enzyme.  The  enzyme requires 
Mg++ in addi t ion  and is inhib i ted  by  Ca ++ a t  low (intra-  
cellular) concen t ra t ion  and by  cardiac  glycosides such as 
Ouabain s-~. There  is good reason ~o assume t h a t  ac t ive  
t ranspor t  of Na  + and K + across the  cell m e m b r a n e  and 
this A T P a s e  are related.  This  connect ion  has  been ten ta -  
Lively descr ibed in t e rms  of the  mobi le  carr ier  hypothes is .  
I t  is assumed t h a t  in the  presence of Na  + the  t e rmina l  
phospha te  group of A T P  is t ransferred on the  in terna l  
membrane  surface to  a compound  s i tua ted  in the  mem-  
brane substance.  The  phosphory la ted  molecule  passes the  
m e m b r a n e  in the  ou tward  direct ion owing to the chemica l  
gradient  and is hydrolyscd in the  presence of K + on the  
externa l  surface. The  phosphory la ted  form is t h o u g h t  to 
be the  Na-car r ie r  and the  free form to be the  K-carr ier .  
This t h e o r y  implies t h a t  inorganic  phospha te  (Pi) should 
be discharged d i rec t ly  into the ex te rna l  med ium by  this 
two-step enzymat ic  process. 

This  pos tu la te  has  been tes ted  in h u m a n  red  cells of 
h igh  A T P -  (and]or Pi) and Na+-content ,  using %VmT- 
rAM'S 6 me thod  of reversa l  of haemolysis.  Such cells con- 
ta ining p~ (which s t emmed  from some ATP-sp l i t t ing  
dur ing preparat ion) ,  A T P  (more than  4/~-moles/mt cells 5), 
Mg++ (4 #-moles /ml  cells) and Na  + (approx imate ly  70 
#-moles /ml  cells ~) were suspended in about  a tenfold 
ex te rna l  vo lume  and incuba ted  for 40 rain wi th  adequa te  
shaking in E r l e n m e y e r  flasks a t  37°C. The  ex te rna l  
med ium was free of phospha te  and conta ined  140 m M  
Na+, 12 m M  K +, 10 m M  ir is  buffer  p H  7.3, 2 m M  Mg++ 
bu t  no glucose. Pi was es t imated  by  the  me thod  of 
J~RENBLUM and CHAIN ~ a t  the  beginning and the  end of 
the  incuba t ion  period in the  ex te rna l  med ium and in the  
haemolysa te  of the  cells f rom an ahquo t  of the  suspension 
after  deprote in iza t ion  wi th  an equal  vo lume  of 10% tri- 
ehloroacet ic  acid. The  ini t ia l  cell to suspension v o l u m e  
rat io  was de te rmined  by  es t imat ing  the  haemoglobin  con- 
ten t  of packed cells and suspension, and int racel lular  P ;  
Was expressed as #-nxoles/ml ini t ial  cell volume,  dis- 
regarding any  possible vo lume  change t ak ing  place dur ing 
the  exper iment .  This  gives an es t imate  of the  a m o u n t  of 
I~ i per cell ra ther  t han  of intracel lular  concentra t ion.  

U n d e r  the  g iven condi t ions  i t  was found tha t  the  cellu- 
lax P i - con ten t  decreased or  r emained  cons tan t  while a 
t~cgradient  was main ta ined  f rom cells to m e d i u m  up to 

the  end of the  expe r imen t  thanks  to the  fa i r ly  large 
medium/ce l t  vo lume  rat io.  The  lowering of in t race l lu lar  
Pi  con ten t  was m a r k e d l y  increased b y  add ing  10 -~ (w/v) 
ouabain  (Merck, crysta l l ine  p roduc t  DAB) to the  sus- 
pension, a concen t ra t ion  known to inhib i t  the  Na+-K+- 
ac t iva ted  A T P a s e  comple te ly  (Figure B, Table).  Omi t t i ng  
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Figure A. Washed human red cells haemolysed in water in the 
presence of 4 mM KH=PO4-Na~HPO 4 of pH 7.25 and 4 mM MgC1 v 
Haemolysis reversed by adding NaC1. Incubated in a solution of 
140 m/14 r NaC1, 10 mM tris-buffer pH 7.3, 12 mM KC1, ~ mM 
MgC12 at 37°C. Cell dilution lj7.7. Inorganic phosphate (PI) deter- 
mined in packed cells of 4 ml susper~sion after TAA-precipitation. 
Upper part of graph: cellular Pt; lower part of graph: Pi-concentra- 
tion in external medium at beginning and end of experiment drawn 

as horizontal lines. 
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Change ia intracellular inorganic phosphate during 40 rain at 370 C in ATP-loaded ceils 

EXPEm~NTIA Xx/IO 

Experiment No. 

No phloretin Phloretin 0.03% 

Change in intracellular Pi in 40 rain A Change in intraeellular Pi in 40 miu A 
(jumolcs/ml ceils.) a-b (/2nloles/nll cells,,) a-b 

No ouabain (a) Ouabain I0 -4 (b) No ouabain (a) Ouabain 10 -~ (b) 

1 - -  0 . 5 1  - -  1 . 4 l  0.9 - - - 

2 --0.71 -- 1.24 0.53 l .l 9 +0.56 0.63 
3 (starved cells ~) + O. 11 -- 0.28 0.39 + 0,38 + 0.03 0,35 

[K]e~ 12 mM (a) [K]e" 0 mM (b) [K]e ~' 12 mM (a) [I(Je~ 0 mM (b) 
4 --0.18 --0.42 Of 2.i +0,25 q 0.03 0.~2 
5 - 0.20 - 0.08 O.TS + 1.60 + 0,8'2 o.s7 
6 --0.06 --0.57 0.51 +0.65 +0.19 0.46 

a Calculated for initial cell volume. ~ K added to external medium. " Cells incubated in glucose-free medium for 5 h previous to experitncnt 

K+ f rom the  ex te rna l  m e d i u m  had  a s imilar  effect  to  
ouaba in  (Table). Since ouaba in  has  no effect  on the  pas-  
sive t r ans fe r  of Pi  t h r o u g h  the  m e m b r a n e  (Figure A), 
these  obse rva t ions  sugges t  t h a t  t he  Pi l ibera ted  by  the  
Na+-K+-ac t iva ted ,  ouaba in-sens i t ive  ATPase  remains  as- 
socia ted  wi th  t he  m e m b r a n e  or appea r s  inside the  cells. 
Car ry ing  ou t  the  s ame  e x p e r i m e n t  in the  presence  of 
ph lo re t in  led to  a resul t  which is in favour  of the  la t t e r  
possibi l i ty.  

Ph lo re t in  is known  to inh ib i t  tile passive p h o s p h a t e  
t r ans fe r  across the  cell m e m b r a n e  s (see Figure  A). 
Ph lo re t in  ( labora tory  reagent ,  Br i t ish  Drug Houses) ,  
which  is ve ry  spar ingly  soluble, was suspended  in a small  
vo lume  of h o t  wa te r  and  added  to the  cell suspension as 
0.03%. This  t r e a t m e n t  resu l t ed  in a r educ t ion  of ra te  of 
Pi-loss f rom t h e  cells, as shown in Figure  A. In such 
e x p e r i m e n t s  cells were loaded wi th  a 4 m M  solut ion of  
Na2HPO 4 and  KH2PO 4 of p H  7.25 dur ing  haemolysis ,  no 
A T P  being added .  
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13. Starved human red celIs haemolysed with water in the presence of 
4 mM ATP (di-sodium salt) and 4 mM MgCI~. Haemolysis reversed 
by adding NaCI. Cell dilution 117.g. Incubated at 37°C in the same 
solution as in A. Phloretin and ouabain added slmrtly before incuba- 
tion. Upper part: cellular PI; lower part: P/-concentration in ex- 

ternal medium (same symbols as for cellular phosphate). 

ATP- loaded  cells unde r  ph lore t in  poisoning showed an 
increase in cellular Pi dur ing  40 min  incuba t ion  at  37 °C, 
which  is obviously  due to  t he  leakage of P~ f rom t h e  cells 
be ing smal ler  t h a n  the  fo rma t ion  of Pi f rom the  ATP-  
spl i t t ing.  This  increase of in t racel tu lar  P c c o n t e n t  could 
be reduced  by  add ing  10 -4 (w/v) ouaba in  or b y  removing  
K+ f rom the  ex t e rna l  so lu t ion  (Table). The ou tcome  of 
such expe r imen t s  was no t  a l te red  by  r igorously  deple t ing  
the  cells of glucose by  t h o r o u g h  wash ing  and  subsequen t  
i ncuba t ion  in glucose-free m e d i u m  for 5 h a t  37°C pre- 
vious to  the  e x p e r i m e n t  (Figure B). 

P h o s p h a t e  t r ans fe r  t h r o u g h  the  red cell m e m b r a n e  is 
looked upon  as an equi l ibra t ing  carr ier  t r anspor t ,  no ex- 
pe r imenta l  evidence being avai lable  as to a possible up- 
hill t r a n s p o r t  for Pi 0, lo. The appea rance  of Pi in ATP-  
loaded cells wh ich  can be  p a r t l y  abol ished by  ouaba in  
and  K+-depr iva t  is therefore  n o t  l ikely to  be due  to an 
ex te rna l  release of Pi  f rom A T P  wi th  s u b s e q u e n t  re- 
accumula t ion .  The mos t  p robab le  exp lana t ion  seems to 
be t h a t  Pi is p r imar i ly  released inside the  cell b y  the  
Na+-K+-ac t iva t ed  ' t r a n s p o r t - A T P a s e '  and  leaves the  
cell by  way  of the  pass ive  t r ans fe r  mechan i sm which can 
be inh ib i ted  by  phloret in .  U n d e r  physiological  condi t ions ,  
ATP-sp l i t t i ng  is ba lanced  by  ATP- re syn thes i s  so t h a t  no 
P i -grad ien t  arises and  Pi-loss is p reven ted .  

In  conclusion,  the  p re sen t  resul ts  do no t  s u p p o r t  tile 
idea of p h o s p h a t e  being sh i f t ed  t h r o u g h  the  m e m b r a n e  
by  the  Na+-K+-ATPase  s y s t e m as visual ized in t he  car-  
r ier  t heo ry  in its form given above.  

Zusammen/assung. An mensch l i chen  E r y t h r o c y t e n  
h e m m t  Phlore t in  den  pass iven A u s t r i t t  yon  anorgani -  
schem P h o s p h a t .  Mit  HiKe dieser  W i r k u n g  konn te  ge- 
zeigt  werden,  dass  die Na+-K+-akt iv ie r te  ATPase  anor-  
ganisches P h o s p h a t  n ich t  d i rek t  nach  aussen bef6rder t ,  
sondern  im I n n e r n  der  Zelle freisetzt .  

H . J .  SCHATZMANN 

Pharmakologisches Institut der Universitiit Bern 
(Switzerland), June 3, t964. 
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