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aux analogies et fil iations possibles, darts la cellule h6pat ique,  ent re  la membrane  
externe  des mi tochondr ies  et  la membrane  endoplasmique.  
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Role of cellular Pi in Pi transport  and metabolism in human red cells 

The significance of the  Pi con~part inent  in lmman red cells is poor ly  defined 
with  respect  to i ts role in Pi t r anspor t  as well as in in terna l  metabolis ln.  As a result  
of a2Pi up t ake  s tudies  1,e, i t  was suggested t ha t  inward  t r anspor t  m a y  be due to a 
lnembrane  esterif icat ion involving ATP ra ther  than  to s imple diffusion. The view was 
proposed,  moreover ,  t ha t  Pi tu rnover  in human  red cells may  be due to in terac t ion  
between ester P at  the  cell surface and inedium Pi, and  t ha t  cel lular  Pi m a y  not  be 
in the  ma ins t r eam of e i ther  t r anspor t  or metabol i sm a. These ear ly concepts  have since 
required some lnodificat ion 4 but  there  has been l i t t le  evidence repor ted  in suppor t  of 
a l t e rna te  views a. 

In the course of s tudies  on Pi release from human red cells, we observed 6 as 
have o thers '3  -9 t ha t  medium Pi is e levated  when iodoacetic  acid is added  to the  
suspension. This result  is due p re sumab ly  to inhibi t ion  of Pi esterif ication in glycolysis  
a t  the  phosphoglycera ldehyde  dehydrogenase  step, in conjunct ion  with cont inuing 
dephosphory la t ion  of soine ester P. A quest ion which arose ill this  connect ion con- 
cerned the p a t h w a y  of Pi movemen t  fl)llowing dephosphoryla t ion .  Since there are 
ATPases  associa ted with the  red cell lnembrane  1°-12, i t  seemed possible t ha t  Pi could 
be released from the membrane  d i rec t ly  into the  inediunL On the other  band,  Pl m a y  
be l ibe ra ted  into the  cellular  Pl c o m p a r t m e n t  from where i t  could pass into the  
medium.  In order  to resolve this  quest ion,  Pi concentra t ions  were de te rmined  in 
ex t r ac t s  of iodoacet ic  acid-poisoned and control  cells and  compared  with medium 
Pi values in the  present  s tudy.  :32Pi concent ra t ions  were also measured  as 32P1 was 
being released from previous ly  labeled e ry throcytes .  
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E r y t h r o c y t e s  were sepa ra t ed  from blood which had  been collected in a c i d -  
c i t r a t e - d e x t r o s e  (N.I .H.  Vormula  B) and washed with  an equal  volume of a salt  
med ium containing,  in raM: NaC1, I2O; KC1, 5.6; MgC12, 2; Na2HPO ~, I ;  Tris, 24; 
and  glucose, IO. The p H  of this  solut ion was 7.4 ° a t  37 °. Af ter  3 add i t iona l  washes, 
the red cells were suspended in the  same med ium conta in ing o.3 ~C of a2Pi (Abbott)  
per  ml of medium and incuba ted  for 1-2 h at  37 ° in a Dubnoff  shaking incubator ,  
cycled at  IOO/min. The labe led  cells were centr i fuged and washed twice with Pi-free 
media.  

The packed  red cells were resuspended wi th  fresh med ium so as to give a 
hematocr i t  of 25 % in a to ta l  volume of 3.5 ml and were equi l ib ra ted  for io  rain 
before t ime-zero samples  were removed.  A second sample  was t aken  at  6o rain. No 
significant differences were de tec ted  in p H  and hematoc r i t  dur ing the incubat ion.  
Samples  of the  medium were placed on concentr ica l ly- r inged planchets ,  air-dried,  and  
counted  with an end-window Geiger Mi i l l e r  counter .  

E rv th rocv t e s  were collected b y  cent r i fugat ion  and washed once at  5" with 
2o vol. of cold, Pi-free mediuln in order  to minimize  the  influence of t r a ppe d  fluid. 
Protein-free  ex t rac t s  were p repared  with 5 °o t r ichloroacet ic  acid and neut ra l ized  with 
NaOH at o ~'. A modif icat ion of the  Berenblum and Chain p r o c e d u r e  a was employed  
for the  Pi de te rmina t ion .  The s tep in this  ana ly t i ca l  procedure  which results  in the 
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I )1 C O N C I S N T R A T I O N S  I N  H U M A N  E R Y T H R O C Y T E S  A N D  M E D I U M  F O L L O \ V I N G  A 0 o - n l i n  I N C U B A T I O N  

IN T H E  P R E S E N C E  OF 5" IO 4 ~I  I O D O A C E T I C  ACID 

T h e s e  v a l u e s  a r e  n l e a n s  ~ S.E.  V a l u e s  d e t e r m i n e d  in t h e  p r e s e n c e  of i o d o a c e t i c  ac id  w e r e  d i f f e r en t  
f rom t h e  c o n t r o l s  (P  < o.o5) w h e n  e v a l u a t e d  w i t h  t h e  p a i r e d  t t e s t .  1AA --  i o d o a c e t i c  ac id .  

Number  i, i (P~),,, (raM) (I:'~)~* (raM) (P~)<.: (P~),,, 
e.vp~,rim~ . t s  

- 1.4 A + L4A - - IA A  + 1AA 1.4 A + IAA 

7 1.13 5 o.04 1.45 -= 0.08 0 . 8  5 -- O.I I  2.23 ~= 0.35 0.75 ~ O.11 1.02 - 0.35 

* \ V a t e r  c o n t e n t  w a s  a s s u n l e d  to  be  0.65 of t he  red  b lo o d  cell v o l m n e .  

"l':k]3I.l• [1 

: /2P l C O N C E N T R A T I O N S  IN H U ~ I A N  E R Y T H R O C Y T E S  A N D  M E D I U M  F O L L O \ V I N G  I N C U B A T I O N  IN T H E  

P R E S E N C E  OF 5"  IO 4 h i  I O D O A C E T I C  ACID OR IN 1 5  m M  P l  

D a t a  f r o m  2 e x p e r i n l e n t s  h a v e  b e e n  a v e r a g e d .  I A A  = i o d o a c e t i c  acid .  

Time Co~ls /mi~z  per ml x zo ~ 
(min) 

(a2pi) m (32P~)c* (:~'2P~)e : (32P~)m 

- - I A A ,  + I A A ,  I A A ,  - IA A ,  + I A A ,  - - I A A ,  
• m 3 l P ~  • m M P i  2 5 m 3 1 P ~  • m 3 1 P i  I m i ' ~ l P i  z 5 m 3 1 P ~  

- -  I A  A ,  + 1 A  .4 ,  - I A  A ,  
z rnM P~ x m M  l' i  z5 m M  Pi 

o 1.o8 1.47 1.47 14. 5 20.8 21.6 13. 4 
60  3.52 6.43 6.69 7.3 19 .2 16.2 2.1 

* \ V a t e r  c o n t e n t  w a s  a s s u m e d  to  be  o.65 of t h e  r e d  b lo o d  cell v o l u m e .  

I 4 . I  14.7 
3 . °  2.4 
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separa t ion  of Pi is the  t ransfer  of phosphomolybda te  from an aqueous to a l ipid phase. 
Cellular a2Pl concentra t ions  were es t ima ted  from samples of this  l ipid ext rac t .  

F resh ly  drawn human  e ry th rocy tes  conta in  o.25-o.48/xmole of Pi per  ml of 
erythrocyte14,15. In  7 exper iments ,  we found t ha t  PI concentra t ions  in cells incubated  
with I mM PI for I h were o .3o-o.83/xnlole/ml  of e ry throcy te .  Judged  by  this indi- 
cator,  our e ry th rocy tes  appea r  to have been in fa i r ly  good condi t ion considering the 
extensive storage,  washing, and  incubat ion  procedures.  In  Table  I, these values have 
been conver ted  to mM, i.e., mmoles/1 of cell water ,  by  assuming t h a t  o.65 of the 
red cell volume is wate r  14. Cellular concentra t ions  can the reby  be compared  more 
read i ly  wi th  the  medium concentra t ions .  

E leva t ion  in medium Pi following iodoacet ic  acid addi t ion  to a suspension of 
human  red cells was confirmed in the present  s tudy  (Table I). There was also a rise 
in the  cellular  Pi concent ra t ion  which was re la t ive ly  greater  than  the elevat ion in 
medium Pi, i.e., there  was a 250 °.o increase in cellular Pi in cont ras t  to a 28 % increase 
in medium Pi. A more meaningful  comparison is the  direct ion of the  concentra t ion 
gradients .  In  the  nonpoisoned cell, there  appea red  to be a small  net  movement  from 
medium to cell whereas,  in the  iodoacet ic  ac id- inhib i ted  cell, there  was a definite 
g rad ien t  from cell to medium.  I t  appears  probable ,  therefore,  t ha t  cellular Pi is the  
precursor  c o m p a r t m e n t  to med ium Pi and t ha t  the  a l te rna te  possibi l i ty,  viz., Pl 
l ibera t ion  from an ester  P c o m p a r t m e n t  d i rec t ly  into the medium,  is not  the pre- 
dominan t  pa thway .  

a"Pi concent ra t ions  in cells and  media  were also de te rmined  dur ing the course 
of 32P i release s tudies  (Table II) .  A t  t ime zero, there  was a 14-fold difference in 32P i 
concent ra t ion  between previous ly  labeled cells and medium,  which decreased to a 
2-fold difference af ter  I h. In the presence of iodoacet ic  acid, there  was more a-,p~ in 
bo th  cell and  medium at  zero t ime bu t  the  ra t io  of these concentra t ions  was about  
the  same as in the control.  Af ter  i h, the med ium "3'Pi level increased fur ther  to  
twice the control  level observed at  this  t ime.  The cellular a~Pi level re inained high 
so tha t  the  ce l l :med ium rat io  appeared  to be greater  with iodoacet ic  acid than  in 
the control.  In general ,  these results  on unidi rec t ional  movement  suppor t  those ob- 
ta ined  with net  movement .  In  this  connection,  GERLACH, I)EUTICKE AND DUHM 9 have 
observed a t rans ien t  3'-'Pi t ransfer  from cell to medium in the  absence of iodoacetic  
acid. 

Exper imen t s  wi th  high med ium Pi were also conducted  in order  to see if the  
a2Pi changes brought  abou t  by  iodoacet ic  acid could be dup l i ca ted  bv  this procedure.  
I t  was expec ted  t ha t  the  cellular  Pi level would be raised bv  high med ium Pi and 
tha t  3"PI incorpora t ion  into organic P would be reduced because of the increased 
p robab i l i t y  tha t  Pl ra ther  than  a"Pl would be esterified. This could result  in a higher 
3"Pi concent ra t ion  wi thin  the  cell as de-esterif icat ion of labeled organic P continues 
to l ibera te  32Pi into the  cel lular  Pi pool. As shown in Table  I I ,  these predic t ions  
appea red  to be correct  since v i r tua l ly  the same results  were ob ta ined  with high 
medium Pl as with iodoacet ic  acid. The common change seems to have been the 
reduced a2Pl esterif icat ion into organic P. 

The present  results  sup,)(,~t the  view tha t  cel lular  Pi is d i rec t ly  involved in 
the ou tward  t r anspor t  of Pi across the  red cell lnembrane.  The fact t ha t  the  cellular  
Pi and 3"PI levels increased indicates  tha t  the  per ineab i l i ty  of the  cell membrane  to 
Pi was not  so great  as to pe rmi t  r ap id  equi l ibr ium between the two compar tments .  

13iochi~n. Biophys. Acla, 15o (T968) 524 527 



S H O R T  C O M M U N I C A T I O N S  527 

The present findings also suggest that  cellular Pt is dynamically involved with cellular 
metabolism. When esterification was inhibited, both cellular P i  and azPt levels were 
raised indicating that  de-esterifieation and PI  liberation into this compartment  were 
taking place at significant rates. I t  would appear, moreover, that  in the absence of 
iodoacetic acid the rate of esterification nmst be equally rapid in order to account 
for the low steady-state level found in the nonpoisoned cell. In other words, the low 
PI value in the normal red cell appears to be a consequence of active metabolism 
rather than the result of minimal metabolic participation. 

The nature of the organic P which, when degraded, liberates PI into the cellular 
Pl compartment  is unknown. The (Na +, K+)-dependent ATPase releases Pt inter- 
nally 1°,17 but the extent to which this could account for the increase in cellular Pt 
when esterification is inhibited cannot be assessed from our data. I t  seems likely that  
whatever the reaction, ATP utilization may be involved because this is the compound 
which shows the major decrease in concentration when glycolysis is inhibited with 
iodoacetic acid s. 
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