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Fhe hypothesis has been advanced in previous pape 
~phosphate ions (ph) axe taken up by erythrocytes 
ions involving the formation of adenosine triphos| 
thesis is based on a study of the relative distribu 
?hate and organic acid-soluble phosphate esters of w 
nt investigation suggest that  there are three distin~ 
ke of phosphate by erythrocytes. The data for s2p 
mtrations over a range of IO 5 have been interprete 
s followed by adsorption of phosphate into the cell. Tt 
?hate with adsorbent were utilized to establish appa 

d l s t r l b U t l o n  o t  ~ F  In  t h e  I n o r g a E  

whole blood. The results of t] 
distinct and separate stages in t] 

uptake from a series of 3 
~reted to describe two adsorpti~ 

The possible forms of combinil 
pparent  equilibria for each sta 

~s drawn by  cardiac punc tu re  into a 3 ° m l  syringe, which contain 
heparinatel ,4,  s. At  least three weeks elapsed between samplings 

• ture  was  prepared:  0. 5 ml of Hs32PO4 with  a radioact ivi ty  
Lto io  cm Pyrex  tubes  which contained sufficient NaC1 to make t 
Yo. Solutions of 32p concentrat ions  were prepared by  either diluti 
k Ridge Nat ional  Labo ra to ry  or by  adding H382PO4 to which t 
t was  added to ad jus t  the p H  to 7.4 o. Sufficient p lasma  was  th  
final hematocr i t  value (H") o.3i,  when 3.5 ml of whole blood of t 

alone reduced the original hematoer i t  (H) to 0.35 (H'). This  unifoi 
inate var ia t ions  of P uptake  which had been observed by  PERTZO 
~riments of this  investigation. This  expectat ion did not  materiali 
;ately. The diluent p lasma  was  obtained by  centrifuging blood t 

paper  was  carried out  under  cont rac t  No. AT-(4o-I)-263 wi th  t 
[ogy and Medicine of the U.S. Atomic Energy  Commission. Prelin 

(Fed. Proc., 12 (1953) 74; VirginiaJ. Sci., 4 (I953). 

present 
uptake 
concentra 
stages followed b' 
phosg 
of phosphate uptake. 

Blood of hea l thy  rabbi t s  was  dr~ 
abou t  one mill igram of sodium 
each animal.  

The following reaction m i x t  
1.8. lO .4 mc /ml  was  placed into 

final salinity of the mix ture  o.9 c 
the original Hs32PO 4 of the Oak 
required a m o u n t  of o.i  N N a O H  
added to the tubes  to make  the 
same sample was  subsequen t ly  added. 

The dilution by  the p lasma  
hematocr i t  was  expected to elimin: 
AND GEMMILL and in o ther  exper iments  
for reasons to be repor ted separately.  

* The work  repor ted in this  
Medical Branch,  Division of Biolo 
na ry  repor ts  have  been published 

Reterences p. eSo. 
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'e counted to 3 X 4,096 counts  each. Thus,  a total  of 12 e 
er iment  gave a mean value wi th  a s t andard  error  s~ = 
which corresponded to a s tandard  error a~  = 6.16% for t 
es ~. Er rors  of this magni tude  become insignificant in logari  

4 s . 6 o ~  . . . .  Fig. I. Up1 
4o. ,2~ by rabbi t  
39.Bs~ 3aph concm 5 9. S 6 %.m*N(~l~ = .* o ' =  

, ~ ,  fractions o: 

O and I. : 
• p lasma : H 

with  plasIn 
O ;  H " = ,  
I. Abscissa 
centrat ion 

C( 

as moles/ml RBC, Coc. Ordi- 
nates :  Right  side, total  a2ph uptake  by  
an equivalent  of 3.5 ml of fresh blood as 
log moles a2ph, log x/m.  Left side, to ta l  
a~ph uptake  by  an equivalent  of 3.5 ml. 
of fresh blood as per  cent of total  initial 

moles of 32ph supply.  

C O M P O S I T I O N  O F  R A B B I T  B L O O D  

Values 

0.436 (A) 
0.564 

o.35 ° 
o.65o 

o.31o 
o.690 

5.205- io -7 5.o91 • io-S 
9.348. io -7 8.914 • io -s  
1.64o- IO -s 1.618. IO -s  
3.574" IO-8 3.526' I O  - 8  

5.042. Io-V 3-473' IO-S 
1.532. IO - 6  I . O 6 3 .  l O  - 6  

= erythrocytes ;  C = equil ibrium concentrat ion;  / = extracellule 

0 v .',~ 

L - 0  
LOG(MOLES P:s2/ML RBG) 

Function Units 

Original blood, hematocr i t  vol. % 
p lasma  fraction vol. °.' o 

Blood after  dilution wi th  p lasma  
hematocr i t  vol. % 
p la sma  fraction vol. % 

Blood after  addit ional dilution 
wi th  8~ph solution 
hematocr i t  vol. % 
fluid fraction vol. % 

Supply  of 3=ph, moles/ml fluid m/ml  
Supply  of a2ph, moles/ml RBC m/ml  
Uptake  of 8=ph, moles/ml fluid m/ml  l 
Uptake  of 3=ph, moles/ml RBC m/ml  
Equi l ibr ium S~ph, moles/ml fluid m/ml  
Equi l ibr ium az+a~ph, moles/ml fluid m/ml  

Legends : c 

Re/erences p. 250. 
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e o f  p l a s l n u  w a s  r c m o v e l l  i l l  a c c o r d a n c e  

lbes f¢)r 3 ° rain at 3,ooo r .p.m. A bufi<l 
se to 7.4o, thus  elmfinating any extra  
etwcen the forms HPO4 -2and  H2t 'O I i 
od mixture  is enumera ted  in Table I. 
s toppered tubes  for 3 h at  37.4 '  C, c( 
m. at  roonl tempera ture .  Then the s~ 

fluid If) were plated out  on a one inch 
Krylon which prevented flaking of the 

ed light and then its radioact ivi ty was 
ze activities were obtained from contrc 
)n. Register counts  were converted to 
f p lasma (p), fluid If), or erythrocytes  ( 
cate, and two o.z ml aliquots of tim 

est imations 
2.75 % fo] 

the mean 
a r i thmic  exp; 

i 
-5 )take of rac 

e r y t h r o c y  
concentrat ion at 

-6 of I) freshly 
i 0.4363, 0 ;  H = o.~ 
] 2) blood d 

i -7 H '  = o.35I 
' )laszna and saliz 

t o.314, X ; 
-8 Abscissa : Logarith~ 

f 

j l -I 

Symbols 

H 
I -H  

H" 
t - n '  

H" 
1-H" 

/ C'~f 
c C'oc 

*/W 
O X / ~  c 

/ c7 
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. eas  d e v e l o p e d  h e r e i n .  

T h e  i n i t i a l l y  a l m o s t  l i n e a r  p l o t  o f  -6 

te l o g a r i t h m s  o f  32ph u p t a k e  i n  m o l e s /  

: m p l e  (x/m) a s  a f u n c t i o n  o f  a d d e d  

p h ,  Coc, s u g g e s t s  S2ph a d s o r p t i o n  o n  

te ce l l s .  C o n v e r s i o n  o f  t h e  u p t a k e  d a t a  

t o  t h e  t e r m s  o f  a F R E UNDL IC H a d -  

, r p t i o n  i s o t h e r m  is  p r e s e n t e d  i n  T a b l e s  

a n d  I I .  A p l o t  o f  t h e  i s o t h e r m  i n  F i g .  2 

u s t r a t e s  h o w  a n  e x t r e m e l y  n a r r o w  

, n g e  o f  t h e  t o t a l  e q u i l i b r i u m  c o n c e n -  

a t i o n  o f  o r i g i n a l  S l ph  p l u s  a d d e d  82ph Fig. 2. U p t a k e  
a series of 82pl 

:I) c a u s e s  a s i g n i f i c a n t l y  h i g h  3~ph as a FREUNDL 

) t a k e  p e r  u n i t  v o l u m e  o f  f l u i d  o r  o f  f rac t ions  of f: 

l l s  (x/mr o r  x/m~). C o i n c i d e n t  s l o p e s ,  w i t h  p l a s m a  

of equi l ib r ium 
- -  845 .1 ,  o f  t h e  i g o t h e r m s  o f  t race l lu lar  flui 

u p t a k e  as I) : 
) t h  b l o o d  s a m p l e s  w i t h  H = 0 . 4 3 6  (A),  • and  • ; 2) 

RADIOACTIVE PHOSPHATE 

r ~ u s u L l c r t  ausurp~lun  ISOtherm. h e m s  
f reshly  d r a w n  blood before di 
and  sal ine 3~ph: H = 0.4363, 1 

o.4oo6, • and  A .  Absc issa :  Loga 
u i l ib r ium 32ph concen t r a t i on  as moles/ r  

fluid, C'/ .  Ord ina te :  L o g a r i t h m  o 
moles /ml  of ex t race l lu la r  fluid, 
moles ]ml  of RBC,  x/mc, 0 ar 

2.529 - io  -5 io-S 6.306. io-10 
4.995" lO-5 IO - s  1.233. IO -9 
3.721" IO -e IO - s  2.892. IO -I°  
8.244" IO -e IO -8 6.332. lO 10 
2.157" IO -~ IO -~ 3.414 • lO -10 

22.594'  IO -5 IO -e I.O28. IO -e 

t u r a t i on ;  x = moles  r e m o v e d  f rom ext race l la r  phase .  

c e l l s  

Alog x/m/, c 

A l o g  C /  

b o t h  

~PTAKE OF 

. i 2 5  - i o  - 9  5 . 1 9 2 .  i o  - 1 0  

.2o 3 • lO -9 9.324 . io  -10 

.45 ° • io -9 1.544 • io  -10 

.341" IO -9 3.366" lO - l °  

.674" lO _9 3.648" IO -1° 

.o3I • IO ~e I . O 2 8  • I O  - 6  

= h e m a t o c r i t ;  m = moles ;  s = s a t u r a t i o n  

References p, 250. 

RESULTS AND DISCUSSION 

a r e  s u m m a r i z e d  i n  T a b l e  I a n d  i l h  

i f r o m  i n i t i a l  c o n c e n t r a t i o n s  o f  as  

t h e  0 .2  m l  c o u n t i n g  a l i q u o t s  i s  at 

on . )  W h i l e  t h e  g r e a t e s t  f r a c t i o n  o 

IO -7 m / m l  ce l l s ,  u p t a k e  s a t u r a t k  

w h e n  t h e  r e l a t i v e  u p t a k e  a p p r o a c  

o r i g i n a l  h e m a t o c r i t  o n  t h e  l e v e l  o: 

r e p o r t .  I t  

t o  f u r t h e r  .~ 

g 

21 ~ ~ 
A, 

° -8 !  [ 

-9  

- 1 0  , f , I , I1 

°6 .00  -5.95 
t 

of 32ph b~ 
~h concen t r  

F R E U N D L I C H  adsorp 

O ; H  = 

Values 

o.4ol  (B) 
o.599 

o.35o 
0.65 ° 

o.31o 
o.680 

1.125.1o-7 1.552. 
2.2o0. io  -~ 3.o34" 
7.427 • IO - s  1.o87 • 
1.626. lO -7 2.380 • 
3.825. lO-S 4.652.  
1.066. io  - s  1.o33" 

; ig .  I ,  w h i c h  

-9 m a 2 p h / m l  

t h r e s h o l d  o f  

¢en u p  f r o m  

~d a t  Coc o f  

~ t ion  wi l l  b e  

, , i j i 

-5 .80 -4.587- 6 

• rocy tes  f rom 
7,4, expressed  
L. H e m a t o c r i t  

d i lu t ion 
• and  
a r i t h m  
rml ex-  
of 32ph 

xlml, 
and  A .  



ium 31+a2ph a t  comple te  adso rp t ion  m / m l / ,  i o  -s 
~f a2ph a t  ad so rp t i on  equ i l i b r ium 

ff a2ph a t  ad so rp t i on  equ i l i b r ium 

I t  is of interest to relate the 32ph uptake at adsorpti 
:ture of the cell surface, for which purpose this va 
e II .  Pert inent data  adapted from the li terature are as 
mrface distributions of proteins, lipids, lecithin, Ca, 
:ompaxed with the cell volume. A consideration of th 
's that  they could conceivably be located on the mon( 
A mean of 3.65" lO 3 32ph ions are adsorbed, or almost 
1@ e-, which occupy o.4o % of the membrane surface.' 

ties the requirement, observed by ROB~-RTSON AN: 
:ing a cell corresponds to one e-  leaving a cell surfac~ 

D I M E N S I O N S  O F  R A B B I T  E R Y T H R O C Y  

ce.This approximate  equivalen 
AND W I L K I N S  8, that  one ani 

surface during respiration. 

Unit 

1.6 4 • IO I° cells 14 
i ,  I O .  i o  - e  cm 2 14 
6. I-  Io  -11 ml  14 

1.44-io-Xa ml 23 
2.36 % 23 
4-37" lOS e- /ce l l  surface 24 
0.40 % 24 

molecules /cel l  surface 

5-75' lO7 s i tes /cel l  23 
i .29- lO s s i tes/cel l  23 
2.47. lO s lec i th in  molecules /cel l  9 
9.9 6 A 2 

156.25 A S 
I.IO" lO 8 ions/cel l  surface 9 
6.47. lO s molecules /cel l  14 

Satlsnes 
enterm 

Dimension 

R B C / m l  RBC 
RBC surface 
RBC v o l u m e  
Volume of m e m b r a n e  a n t i s p h e r i n g  l aye r  
F rac t ion  of a n t i s p h e r i n g  l aye r  of RBC vo lume  
Volume of cell  m e m b r a n e  
F rac t ion  of m e m b r a n e  of RBC v o l u m e  
Effec t ive  surface e -  
F r a c t i o n  of surface  a rea  he ld  b y  effective e -  
L i p o p r o t e i n - s t r o m a t i n  
L ipopro t e in  adso rp t i on  s i tes  on cell  surface  

l ipid adso rb ing  
l ipopro te in  adso rb ing  

Lec i t h in -p ro t e in  surface l aye r  
Cross sec t iona l  a rea  of l ec i th in  molecule  
Cross sec t iona l  a rea  ass igned  to  lec i th in  

molecules  on RBC surface 
Ca 
Hemog lob in  

Re/erences p. 25o. 

a common adsorption process. T 
~t initial concentrations of Coos' 
~n phosphate concentration becolr 
am with a mean of 4.83- IO - s m  a2 F 

T A B L E  I I  

M O F  U P T A K E  O F  R A D I O - A C T I V E  P H O S P H  

Units Symbol 
H =  o.436 

x/m/ = 

Cfs' I.IOO 
m / m l / -  1o -s x/mrs' 1.628 
m / m l  c. IO -s  x/mes' 3.583 
log Cod - -6 .78  - 
m / m l  c 

'ption equili 
value is co 
assembled 

and of et 
the adsorpt 

monomolecula 
a sufficic 

T A B L E  I I I  

T H R O C Y T E S  

Radial thickness of 
membrane incl.spe~iff¢ Value 
substance in A 

2o-25 3.76. IO - la  ml  
0.65, 0.58 % 

81-5 

81.5,57.5,6o-65 i . i o .  i o  s 

53 

53 

L~-~ ~L. | |  I d . l ,  t :  

8 to 6.5o 
ELse C'# r 

d (x/m/). 

[T B L O O D  

Difference 
rean 

) C f  845 '1  

3O 

28 78.08 % 
23 77 .97% 
¢ 

~', to the 
x/mcs'  in 
, wherein 
Lrons (e-) 
a2ph ions 
isphering 
to satisfy 
livalency 

a n i o n  

Reference 

9, 23, 25 
9, 23 

22, 9, 2.5 



n molecule as i l lustrated in Fig. 3. The phos- 
[ated end of a lecithin molecule (32.4 A long) is ,o 
on a short  protein molecule (Pr), and one Ca +2 
ended by  a s t romat in  protein chain (S) which ,o 
ught to lie in the same plane with the other  

Proposed phosphate adsorption complex on the ,o 
erythrocyte surface ~, ~s. 

Coordinates in Angstr6m units" 
Cmbols: 
mtisphering lipoid film S = stromatin chain X 
',alcium ion atoms of: 
ecithin molecule • = carbon 
hort protein molecule O = oxygen 

• = hydrogen 
/~ = phosphorus 

ed after A. FREY-WYssLING, Submicroscopic Mor- 
o/ Protoplasm and its Derivatives (1953) P. 266, 

~vier Publishing Company, Inc., New York and 

ales and ions. LINDEMANN 1° located by  electron-micro 
h u m a n  RBC ghost, in which a lipoid surface film is 

1o 

20 ~ 0 $ 

Terminal eonfiguratio 
p a r t  of cell m e m b r a n e  of l e c i t h i n  mo lecu le  

i n  s c h e m a t i c  f o r m  w i t h  a d s o r b e d  phos  
p h a t e  i ons  

electron-microscopy two membrane  layer  
superimposed on a protein 

which has projections extending into the space of th, 
.~rpreted as being protein chains, which have coacervate( 
cal of antisphering and lecithin lipid molecules. The to ta  
ats to a bimolecular layer  around the erythrocytes ,  whict 

1925 by  GORTER AND GRENDEL n. Phosphate  ions of th, 
r a p h  ' are actual ly faced by  only one dense adsorptioi 
ay  of lecithin molecules inside the relatively less dens, 
lows tha t  2.1 Ca +* ions and 4.5 proteinaceous adsorptioi 
)ine with 2.13 Le molecules to form an adsorption comple~ 
;a2. x. Le,. 1. Pr4. 5. ph). I ts  apparent  molecular weight ma  3 
ly 80,745 if the molecular weight of protein is set at  om 

:ituents of the complex have been derived from the facl 
o . I o  7 lipoid molecules or adsorption sites exist on th~ 

p = phosphate ion 

(Modified 
phology 

Else 
Amsterdam). 

molecules 
in the 
aceous " s t romat in"  network,  
lipoid film. They  m a y  be inter 
during the prepara tory  removal  
quan t i ty  of both  lipids amounts  
had  been observed as early as 
fluid, in this case principally 
surface, the palisade-like arra' 
ant isphering film. Table IV shows 
points per phosphate  ion combine 
of the relative composit ion (Ca2.1. Le 
be es t imated as approximateb 
Svedberg unit.  

The proport ions of consti t  
tha t  between 5.8.1o ~ and 7 .o '1o  7 

Re[erences p. 250. 

es are probably  on the outer  face 
0.65% of the total  cell volume, if 
JONG 9, PONDER 23 and MITCHISON 
the occupied cell surface and ce 

ive proport ion of adsorption sites 
aembrane, on which an average of 
S2ph ions than  S2ph ions are ads~ 
?h adsorption can neglect the disp 
e appears to be a three-part i te  la 
molecules (Le) and Ca +2, each o~ 
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r . . . . . . .  o 
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u m  s u r f a c e  s p a c e / p h o s p h a t e  i o n  
n a x i m u m  n u m b e r  o f  p h o s p h a t e  i o n s / R B C  s u r f a c e  
o n  o f  31+a2ph i o n s  a d s o r b e d  o n  c o m p l e x  
,f c a l c u l a t e d  m a x i m u m  no .  o f  i o n s / c e l l  s u r f a c e  
,e of  p h o s p h a t e - m e m b r a n e  c o m p l e x  
o n  of  c o m p l e x  v o l u m e  of  cel l  v o l u m e  

)rane 9,13, 26. The mean value of 6.4"Io 7 molecules r 
ated with 3.o. IO 7 phosphate ions with a ratio of 2.1. 
each lecithin molecule 9 according to Fig. 3, the sam( 
~rtion. The number of protein molecules or adsorptim 
estimated at 12. 9 to 14.1-1o 7 which gives a mean r 
hosphate ion. The proposed membrane structure of F 
m with a diameter of 3.6 A to be positioned between a~ 
erminal methyl groups of the two C~6 lecithin chains 
apart and their ( i -n) th atoms 2.5 A. The two negativ~ 
)pposite the two terminal and internal H-atoms of b( 

atoms between C~ and phos 1 
)ximately 2 lecithin molecules are coordinated with 
o the possibility that a phosphate ion may be attra 
hal methyl groups of a lecithin molecule and by th, 
tdjoining molecules. There is ample space for a phos 

V l g .  3 p e r m i t s  a t t k ' O  4 

tween and level with the two extern 
chains. Their nth carbon-atoms a 
gatlve oxygen bonds are positiom 

both chains, thus providing 
~hosphate. The observation th~ 

each phosphate ion may t 
:racted alternately by the tu 
the tangential -CH 2 groups 

phosphate ion of 3.6 A to be a 
s which are 6. 9 A apart. This distance is subject to variatic 
fion and angle of attachment of the two internal meth 
ale to its substrate. 
area to accoinmodate such a phosphate complex is est 

td there is sufficient space on the cell surface for 7.o4-1, 
phate ion population was found by experiments to be on] 
an be credited to hematocrit irregularities which will t 
But the agreement of the population values is sufficient] 
,n of the volume occupied by the complex. Assuming th~ 
fity of I.O29 and a molecular weight of 80,745, 3.92. I O  - ~ 2  r~ 

volume contains the complex (Table IV). Utilization , 
abrane thickness indicates that 2.36% of the cell volun 
i membrane (Table III) .  Again, the discrepancy is due 1 

and terminal 

4 .4Aa  
just opF 
opportunity for shared H 
approximateh 
due to 
external 
two ad 
tracted by these -CH~ groups which 
according to the exact locat 
groups of the lecithin molecule 

The required tangential 
mated at 1.56. I O  -14 cm z, and 
of such complexes. The phos 
3.OO.lO 7 . The discrepancy can 
discussed in another paper. 
close to warrant a calculation 
the complex has a mean densit, 
or 6.42% of the erythrocyte 
PONDER'S data for cell-membrane 
appears as a lipoidal protein 
hematocrit effects. 
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• • ,  3 . . . . . . .  

T A B L I :  I V  

I ) H O S P H V F [ ' ;  ().'N T I t E  S U R F A C E  O F  I { \ [ 3  

3lea~l v~tl~4es of  
blood samples  

,4 a m l  11 

t 
2 5 . 8 5  

7 . I 8 .  t o  7 ;j 
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kdsorption of ~1 + 32ph accounts for only a fraction of tc 
,,ntrations of phosphate in the fluid (C1~) and in the c 
a. (Uptake is defined as the sum of adsorption and~ 
.verage phosphate uptake is in the cell lumen u n d e r  

U P T A K E  A N D  A B S O R P T I O N  O F  T O T A L  P H O S P H A T E  B Y  R 

ibrium Sl+3~ph at  complete uptake 
:e of 3x+a2ph at  total uptake 
:e of 31+32ph at  total uptake 
brium 31+a2ph at complete absorption (:is" 7, CIs-C#' 
ption 31+3~ph at complete absorption x]mcs = x/rncs = x]m 

t seems hardly a coincidence, that  out of a total  1 
~hate, 3.91. IO -e moles or 1.43" lO s phosphate ions are 

4.724 • lO -6 m/ml 
I.o96. lO -5 m/ml 

x/mcs' 3.906' lO -5 m/ml 
1.434. lO8 

x7.3 % 

82-7 % 

uptake of 4-72" lO -6 moles 
are absorbed by the cell interi 

47.IOS molecules of hemoglobin x4 (Table III). A possih 
~hate and hemoglobin may  exist because their conce 
order of magnitude, even though the hemoglobin conce: 
t imate 14. Observations of hemolysis by  initial 32ph concel 

favour this concept• 
ate in Table VI absolute mean phosphate concentratio~ 
the 3 uptake  stages. The absolute mean concentration 
ntration of 31+ 3~ph of both blood samples A and B in tl 
t volume of their  compartments ,  which have been defim 
ver, the phosphate complex, and the cell interior. 
a gradient exists between the outermost  phosphate cot 
e2.1"Pr~.s'ph). But  the gradient becomes less than unil 
hate from this complex into the cell. The values for tl 
rots If, ' ,  K / ,  and K,  ~' express these gradients quant 

Absor t 
Ions 31+3aph/cell interior 
Fraction of adsorption of total uptake 

by cells at complete adsorption 
Fraction of absorption of total uptake 

by cells at complete absorption 

I t  
phosphate, 
containing approximately 6.47 
equilibration between phosphate 
trations fall within the same ord~ 
trat ion is a ra ther  general estimate 1 
trations beyond total  uptake 

I t  is possible now to state 
and apparent  equilibria for 
defined as the average concentra 
3 phases with respect to uni 
above as the antisphering la: 

A positive concentration 
partments,  C/s, and (Ca2.1.Le2.1. 
for the movement  of phosphate 
apparent  equilibrium constants 
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phosphate adsorption by  cells co 
similar size. Clays free of exch~ 

convenient means of compariso: 
eundlich adsorption isotherm 12, th{ 
anions on the clay particle. GOHR 
r of an average particle diameter  
of surface area at a pH of 7.4. T 
~orption of 2.73"1o 13 ions/c mz by 
experiments• I t  is therefore appa: 

y their surface area, but  rather  b 
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of total upta~ 
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IX Ill G~il ill~lllUlili~ 

h in cell v o l u m e  
en t  equ i l ib r ium c o n s t a n t s  

(P) ads. or abs. 
G =  (P) in n e x t  ou te r  phase  
or adsorp t ion  by  an t i sphe r ing  film 
or adso rp t ion  by  cell m e m b r a n e  
or abso rp t ion  by  cell in ter ior  
or u p t a k e  

?ransport of inorganic phosphate from the phosphate 
Lrs to be part ly by diffusion because of the compar~ 
5. I t  actually represents only a partial equilibrium d 

esters from inorganic phosphate. The esters are lo 
or as described by GOURLEY 1, SACKS 15, and by Sac: 
st as the site of ester formation some phase of the ( 
bly in the phosphate-lecithin complex. I ts  inorga~ 
sses that  of the other external and internal phosphat 
Labile P of ATP, which was found by GOURLEY to be a 
quently appears to be utilized for the formation o f .  
tte P-complex.  Similarly, SACKS AND ALTSCHULER d~ 
ic phosphate compounds on muscle cell membranes.  

formed at muscle suI 
KSON AND MAIZELS is and by ROTHSTEIN,  M E IER AND 

bACKS AND ALTSCHULlV:R*% l ne 
cell membrane,  which is cot 

'ganic phosphate concentratio 
phosphate phases. 

a precursor for phosphoester 
ATP from ADP in the inte 

demonstrated the formation 
SACKS 17 showed subsequentl~ 

surfaces. Further  evidence b 
;CHARFF 19 may be interprete 

phosphate splitting enzymes on external cell surfaces. 
the necessity of an energy potential gradient betwee 

tes of single cells to activate the transport  of any particul; 
m or interface must  exist to maintain an energy gradien 
tuisite for active phosphate transport.  The question to k 
:, in this case apparently an adenosine polypyrophosphat,  
inside or outside the cell interior ? I f  it were formed inte~ 
twardly directed diffusion tendency, and could not act 
• ection. Therefore it must be assumed to be transforme 
to an active stage from a precursory form. L~-FEvR~ AN 
dlar thought for glucose transfer into human cells an 
tion reaction in the interface itself. 
is suggest that  the highest inorganic phosphate concm 
lbrane itself and not in the antisphering layer, which mu~' 

ceivabl, 
surpasses 

Labile 
conse( 
mediate 
orgame 
that  glucose-6-phosphate can be 
CLAR: 

in favour of the existence of 
ROSENBI!;RG 2° discussed 

outside and inside reaction sites 
metabolite. Since a membrane 
a phosphate carrier is prereq 
answered is: Does the carrier 
obtain its potential activity inside 
nally, it would posses an outwardb 
a carrier in the opposite direction. 
outside of the cell interior into 
L1~FEvRE 21 expressed a similar 
GIBSON 22 indicated an activa 

The present observations 
tration exists in the cell membrane 
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tly to this investigation. 

I. Rabb i t  e ry throeytes  were incubated for 3 hours with I • Ic 
e o r thophospha te  per ml of cells. 
2. Phosphate  uptake  was postulated to proceed by  a) adso 
adlich adsorpt ion  isotherm, b) absorpt ion  by  the cell interior 
3. The cell surface became sa tura ted  with phospha te  when 
:/nil cells and at a total phospha te  equil ibr ium concentrat ion 
The cells achieved uptake  sa tura t ion  at a mean s217 suppl: 

al phospha te  equil ibrium concentrat ion of T.2. io -5 moles]ml 
4. ~2p adsorpt ion could possibly proceed on the lipoid ant is  
i re  surface electrons approx imated  the num ber  of adsorbe( 
}th was  a lmost  equal. 
5 -Tota l  phospha te  appeared to be adsorbed by a complex 
i protein chains + 2. i lecithin molecules with one phosphate  i 
745. The surface area of a spherical layer of this complex 
as many  phospha te  ions as were found experimental ly  su' 

raction of cell volume occupied by  the complex approache 

6. inorganic  phospha te  absorpt ion approached cell hemoglol: 
rent  equil ibr ium cons tan ts  for bo th  phases of adsorpt ion and t 
mosine po lypyrophospha tes  as phospha te  carriers on the lecit] 
rganic phospha tes  are t ransferred into the cell. 

which is composed of 2. I Ca i( 
)hate ion. I t s  es t imated molecular wei~ 

can accommodate  approx ima t  
subject  to hematocr i t  irregularit i  

)roaches the fraction enclosed by a st 

lobin content  at  incipient hemoly, 
for absorpt ion suggested formati  

lecithin complex, from where inorgal 

n ont  6t6 incubds pendant  3 heures en prdsence de quant i t6s  d 'o r t t  
mtre i .  Io -9 et .5" Io 5 moles par  nil de cellules. 

consommat ion  de phosphate  est due: a) ~ une adsorpt ion sur  
~rption de Freundlich, b) "~ une absorpt ion h t ' int6rieur de Ia celIu 
.~sI satur6e en phospha te  quand la concentrat ion initiale est plus 

cellule, la concentrat ion totale & l'6quilibre du phosphate  dans 
I . l .  IO -6 moles/ml. Le max imum de consommat ion par  les cellul 
oncentra t ion initiale de 5" Io-6 moles de 32P]ml de cellules, la conce 
osphate 6tant  de 1.2. io -s moles/ml de liquide. 
~ut 6tre lieu ~. la surface du film lipoi'dique antispb6re. La conce 
.~ctifs de surface est h pcu pr6s dgale au nombre  des ions a2p adsorb* 

61ectrons ct par  les ions szp sont  presque identiques. 
te total  soit adsorb6 par  un complexe constitu6 de 2.I ions Ca + 4 
les de 16cithine pour  I ion phosphate .  Le poids mol6culaire est i r  
arface d 'une couche sph6rique de ce complexe peut  fixer e n v m  
u'il a 6t6 ddtermin6 exp6rimentalement  avec consid6ration d' irr6g 
lu volume cellulaire occup6e par  le complexe est app rox ima t iveme  
e membrane  protdique sous la surface. 

m "¢'D 

is 8o, 
twice 
The fraction 
surface proteinaceous membrane .  

6. 
Apparen t  
of adenosim 
and or 

r. Des e ry throcytes  de lapin 
phospha te  radioactif  comprises entre 

2. L ' au t eu r  Suppose que la 
cellule selon un isotherme d ' adso r  

3. I.a surface de la cellule esi 
2 .5- io  -~ moles de s2p par  ml de 
liquide extracellulaire 6rant  de 
est at teint ,  en moyenne, 'A uneconcen t r a  
t rat ion totale h l '6quilibre en phos t 

4. L 'adsorp t ion  de ~21" a peut  6tre 
t rat ion de ce tilm en 61ectrons effectifs de 
et les superticies occup6es par  les 

5. II semble que le phospha te  total  
chaines protdiques + 2.i mol6cules 
serait de 8o,74 5. L'aire de la surface 
deux lois plus d ' ions phospha te  q~ 
laritds hematocri tes.  La fraction du 
dgale ~. la fraction limit6e par  une 
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organic phosphate is metabolized 
aore, differences of the degree 
ly no significant effect on K/' and 
n (Table VI). The absence of such 
ates of 31 +3Zph adsorption on lecit 
31.~ 32ph into organic substrates is 
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zeltulaI 'nUsslgKel~. 1die ~ a X ~ l g u n g s a u l n a n l n e  wurcle v o n  ~len 
. v o n  5" IO-6 Mol/ml Zellen und bei einer Gesamtphospha t  
,-s Mol/ml Flfissigkeit erreicht. 
. Die 82P-Adsorption k6nnte m6glieherweise an dem Lipoi 
Konzent ra t ion  wirksamer  Oberfl~tchenelektronen war  annghe 
a azP-Ionen, und die von beiden besetzte Zone war  beinahe g 
• Es scheint, class das gesamte Phospha t  yon einem aus 2 
Lezithinmolekfilen mit  einem Phosphat ion  zusammengese tz t  

Ltzte Molekulargewicht bet rggt  8o,745. Das Oberflgchengeb 
lexes kann  ungefiihr zweimal soviel Phosphat ionen  unterbri  

un te r  Berficksichtigung der HgmatokritunregelmAssigkeit{ 
tmene Bruchteil  des Zellvolumens k o m m t  dem von einer u 
:oteinen bestehenden Membran gleich. 
~. Die Absorpt ion anorganischen Phospha t s  k o m m t  dem Ha 
ginnender Hgmolyse.  Anscheinende Gleichgewichtskonstantei  
ir die Absorpt ion lassen die Bildung yon Adenosinpolypyropl  
Lezithinkomplex vermuten,  yon dem aus anorganische und  
.~bracht werden. 
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