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dens i ty  g rad ien t .  I t  can  also be  used  as a d iagnos t i c  or 
i nves t i ga t i ve  tool  to  i nd i ca t e  v a r i a t i o n  in cell p a r a m e t e r s  
in  cl inical  or r e sea rch  mate r ia l .  Such  v a r i a t i o n s  would  be  
m e a n i n g f u l  in  s t u d y i n g  o v u l a t i n g  periods,  h o r m o n a l  in- 
ba lances ,  a n d / o r  t h e  b e g i n n i n g  of cancerous  cond i t ions  
in cl inical  m a t e r i a l  wh ich  c o n t a i n  b o t h  n o r m a l  a n d  ab-  
n o r m a l  ceils. I t  can  also be  used to phys i ca l ly  s epa ra t e  
g roups  of cells or  m ic roo rgan i sms  for c o n t i n u e d  s t u d y  a n d  
growth ,  t h e  m o n i t o r i n g  of cell cul tures ,  a n d  t he  s e p a r a t i o n  
of cell gene ra t i ons  in  s y n c h r o n o u s  cu l tu res  ~. 

Zusammen/assung. Dichtegef~l le -  U l t r a z e n t r i f u g a t i o n ,  
v e r b u n d e n  m i t  P h o t o p o l y m e r i s a t i o n  v o n  A k r y l a m i d ,  is t  
geeignet  u m  lebende,  u n v e r l e t z t e  Zel len unbewegl i ch  ill 
B/~nder zu t r e n n e n ,  insofern  sie sich p u n k t o  Gewicht ,  
Volumen,  D ich te  oder  Bewegl ichke i t  im  Dichtegef~tlle 
un te r sche iden .  Versch ieden  e rn / th r te  Hefeze l l en -Gruppen  
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C a l c i u m  Ion  B i n d i n g  to  B l o o d  Cell  Surfaces  

This  c o m m u n i c a t i o n  r epo r t s  t h e  u p t a k e  of ca lc ium ions 
b y  t h e  p e r i p h e r a l  reg ion  of t he  h u m a n  red  b lood cell 
(R]3C) a n d  p o l y m o r p h o n u c l e a r  l eucocy te  (PMN), before  
a n d  a f t e r  n e u r a m i n i d a s e  t r e a t m e n t ,  as s tud ied  b y  cell 
e lec t rophores is .  

Cell e lec t rophores i s  was  p e r f o r m e d  as descr ibed  pre-  
v ious ly  1. Solu t ions  c o n t a i n i n g  d i f fe ren t  molar i t i es  of 
ca lc ium a t  c o n s t a n t  osmolar i ty ,  ionic  s t r e n g t h  a n d  p H  
were p r e p a r e d  b y  d i lu t ion  of a 0.0483 M aqueous  ca lc ium 
chlor ide  so lu t ion  m a d e  0 . 1 4 5 M  w i t h  respec t  to  sucrose, 
w i t h  a 0 . 1 4 5 M  aqueous  sod ium chlor ide  solut ion.  P M N s  
were s e p a r a t e d  us ing  t he  m e t h o d  of CAm~UTHERS =. 
S e p a r a t e d  P M N s  were f ina l ly  w a s h e d  twice  w i t h  50 vol. 
of s t a n d a r d  sa l ine  a t  r oom t e m p e r a t u r e  (100 • g; 7 min) .  
N e u r a m i n i d a s e  t r e a t m e n t  of t he  e r y t h r o c y t e s  a n d  P M N s  
was car r ied  o u t  as descr ibed  b y  SEAMAN and  UHLE~- 
BRUCK 3. S u p e r n a t a n t  f luids f rom n e u r a m i n i d a s e  t r e a t e d  
cells a n d  cont ro l s  were  ana lyzed  for  sialic acid 4, ~. N o r m a l  
a n d  n e u r a m i n i d a s e  t r e a t e d  RBCs  a n d  P M N s  were 
w a s h e d  once in, a n d  r e - suspended  in, each  of t he  aqueous  
ca lc ium chlor ide  so lu t ions  a t  p H  7.2 ~ 0.2 a n d  e x a m i n e d  
b y  e lect rophores is .  

Us ing  STERN'S a d s o r p t i o n  mode l  6 in  wh ich  t he  adsorp-  
t i on  of ions  is a s s u m e d  to  be  essen t ia l ly  m o n o m o l e c u l a r  
on  to  wide ly  spaced  i m m o b i l e  n o n - i n t e r a c t i n g  si tes i t  can  
be  deduced  

2e Na 
t h a t  Aaca = 2enca = __ (I) 

1+ exp ( -  AGc~/k T) ' 

ZCa 

where  Aaca is t he  decrease  in e lec t rok ine t ic  charge  den-  
s i ty  of t he  cell in  a so lu t ion  of C g-ions pe r  l i te r  of ca lc ium 
ions, Xca mole  f r ac t ion  of ca lc ium ions where  ZCa = C/55.6, 
nca n u m b e r  of ca lc ium ions adso rbed  pe r  cm 2, e t he  
e lec t ronic  charge,  N a t h e  n u m b e r  of s i tes  ava i l ab le  for  
a d s o r p t i o n  ( n u m b e r  of an ionogen ic  groups  pe r  cm2), 

AGca e lec t rochemica l  free ene rgy  of a d s o r p t i o n  of ca lc ium 
ions, k t h e  B o l t z m a n n  c o n s t a n t  a n d  T t he  abso lu te  
t e m p e r a t u r e .  

Now le t  exp(AG/kr)/55.6 = K 

2eN~CK 
t h e n  Aaca = I + CK " (II) 

a s t a n d a r d  form for a L a n g m u i r  a d s o r p t i o n  i s o t h e r m ,  or 
in  l inear  form, 

1 1 1 1 
+ (1ii) 

daca  2eN a C 2eN aK 

If  ca lc ium ion b i n d i n g  proceeds  accord ing  to th i s  mass  
ac t ion  mechan i sm,  then ,  t he  p lo t  of (1 /Aaca)versus  (1/C) 

will be  a s t r a i g h t  line. dY a a n d  AGca m a y  be  e v a l u a t e d  
f rom the  i n t e r c e p t  w i t h  t he  o r d i n a t e  and  t he  Mope 
respect ive ly .  

The  n u m b e r  of anionic  si tes pe r  squa re  c e n t i m e t e r  of cell 
surface  was ca lcu la ted  f rom t h e  e lec t rophore t i c  mobi l i t i es  
b y  use of t he  G o u y  e q u a t i o n  for u n i - v a l e n t  e lec t ro ly tes  
and  c o n v e r t e d  to a n u m b e r  of si tes pe r  cell a s suming  a n  
a rea  of 1.63 • 10 .6 cm ~ for the  R B C  a n d  2.84 • 10 -6 Cln ~ for 
t he  PMNs  ~. The  F igure  shows t he  p lo t s  of (1/Aaca) versus  
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Calcium ion binding plots for normal (O--O) (Slope 0.185 x 10 -4, 
intercept 2 .1•  0.4 • 10 -4) and neuraminidase treated ( O ~ )  
(Slope 0.276 • 10 -4, intercept 9.5 4- 2.8 • 10 -4) erythroeytes and 
also normal (ZX---&) (Slope 0.173 • 10 ~, intercept 2 .71  1.2 • 10 -4) 
and neuraminidase treated (l, . . . .  A) (Slope 0.261 • 10 -4, intercept 
9.9 ~: 2.2 • 10 -4) polymorphonuelear leucocytes. Symbols represent 
experimental points. 
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Calcium ion binding data for human polymorphonuelear leucocytes and red blood ceils 

EXPERIENTIA 25/12 

System Anionic sites No. of binding sites 
per cell for Ca 2+ per cell 
x I0 ~ X I0 6 

AG Kcal too! e-1 Charge reversal 
concentration 
(m) Ca ~+ 

RBCs 12.5 

Neuraminidase treated RBCs 3.90 

PMNs 17.8 

Neuraminidase treated PMNs 7.14 

8.09 + 1.92 
- -  1.30 

1.79 + 0.74 
- -  0.41 

10.9 + 0.93 
-- 0.34 

2.99 + 0.83 
-- 0.53 

-- 3.82 + 0.10 
- -  0.13 

-- 4.47 +0.16 
--0.20 

-- 4.01 + 0.22 
-- 0.36 

-- 4.53 + 0.12 
- -  0.15 

0.300 

0.284 

(1/C) for nor rna l  and  n e u r a m i n i d a s e  t r e a t e d  h u m a n  RBCs  
a n d  PMNs.  The  in t e r cep t s  of these  l ines w i t h  t h e  ordi-  
na tes ,  f r om w h i c h  N a was  ca icu la ted ,  Were o b t a i n e d  
ana ly t i ca l ly  f rom l inea r  regressions of t h e  po in t s  o b t a i n e d  
a t  h i g h  ca lc ium ion concen t r a t i ons .  T he  slopes of t he  l ines 
were t a k e n  f r o m  t h e  regress ion  e q u a t i o n s  a n d  t h e  electro-  
chemica l  free energies  of a d s o r p t i o n  ca lcu la ted  f rom these  
va lues  us ing  equa t i ons  (II)  a n d  (III)  (Table).  T h e  
charge  r eve r sa l  c o n c e n t r a t i o n s  for  ca lc ium ions were  
found  f rom t h e  abscissae  of t h e  po in t s  whose  o rd ina t e s  
were equa l  to  t h e  rec iproca l  of t h e  con t ro l  cha rge  densi-  
t ies.  Fo r  t he se  poin ts ,  a = 0 a n d  t h e  p red ic t ed  v a l u e  of C 
w h i c h  would  cause  th i s  zero n e t  charge  is t a k e n  as t h e  
cha rge  r eve r sa l  c o n c e n t r a t i o n  of calc ium.  

T h e  p r inc ipa l  e lec t rophore t i c  effect  of a n  inc reas ing  
c o n c e n t r a t i o n  of ca lc ium ions on  b lood  cells m a y  be  
ascr ibed  to b i n d i n g  of t h e  ions to  t he  charge  d e t e r m i n i n g  
regions  ill t h e  cel lular  p e r i p h e r y  w i t h  a r e s u l t a n t  decrease  
in t he  e lec t rok ine t ic  charge.  A p p r o x i m a t e l y  65% of t h e  
an ionic  si tes of t h e  RBCs  a n d  a b o u t  60% of those  of t he  
P M N s  are  occupied  b y  ca lc ium ions a t  m a x i m u m  b ind ing ,  
whereas  on ly  a b o u t  45 a n d  40~ respec t ive ly  of t he  s i tes  
ava i l ab le  a f t e r  n e u r a m i n i d a s e  t r e a t m e n t  are  b o u n d  b y  
ca lc ium ions. A l t h o u g h  fewer ca lc ium ions are b o u n d  to 
t h e  n e n r a m i n i d a s e  t r e a t e d  cells t h e y  are  b o u n d  more  
s t rong ly  t h a n  to  n o r m a l  ceils. I l l  o rder  to  a c c o u n t  for  t h e  
obse rved  changes  in ca lc ium ion b i n d i n g  a f t e r  n e u r a m i n i -  
dase  t r e a t m e n t  t h e  p resence  of a t  l eas t  3 t ypes  of an ion ic  
con f igu ra t ion  in t h e  p e r i p h e r a l  regions  of t h e  cells is 
required ,  2 of wh ich  b i n d  ca lc ium ions. T he  b i n d i n g  s i tes  
compr i se  b o t h  n e u r a m i n a t e  ions  a n d  a se t  of un iden t i f i ed  
s i tes  w h i c h  b i n d  ca lc ium more  s t rong ly  t h a n  n e u r a m i n a t e  
ions. A t h i r d  se t  of charge  conf igura t ions  w i t h  l i t t l e  or no  
a f f in i ty  for ca lc ium is .also p resen t .  These  differences  in  
ca lc ium ion  b i n d i n g  need  n o t  i m p l y  t h e  p resence  of 
d i f fe ren t  ionogenic  g r o u p s  as t he  s i tes  m a y  differ  on ly  in 
t h e i r  access ib i l i ty  to  t h e  ca lc ium ions. T h e  e lec t rochemica l  
free energies  of a d s o r p t i o n  of ca lc ium ions for t h e  n o r m a l  
RBCs  a n d  P M N s  g iven  in t h e  Tab le  r ep re sen t  m e a n  va lues  
for b o t h  t y p e s  of s i te  p r e s e n t  whereas  t h e  va lues  for t h e  
n e n r a m i n i d a s e  t r e a t e d  s y s t em s  r e p r e s e n t  on ly  t hose  s i tes  
w i t h  a g rea te r  a f f i n i t y . f o r  ca lc ium ions t h a n  t h e  neura -  
m i n a t e  ions. 

T h e  ex is tence  of a cha rge  r eve r sa l  c o n c e n t r a t i o n  of 
ca lc ium ions for  b o t h  n o r m a l  1R]3Cs a n d  P M N s  impl ies  
t he  a d s o r p t i o n  of 1 ca lc ium ion pe r  s ingly  cha rged  iono- 
genic g roup  for  a s ign i f i can t  n u m b e r  of t h e  s i tes  in  t he  
cel lular  pe r iphery .  Such  a n  adso rp t ion  process  is con- 
s i s t en t  w i t h  t h e  low e lec t rok ine t ic  charge  dens i ty  a n d  
wide  ave rage  s e p a r a t i o n  b e t w e e n  each  an ionic  site. T h e  

absence  of charge  r eve r sa l  c o n c e n t r a t i o n s  for ca lc ium ions 
for t he  n e u r a m i n i d a s e  t r e a t e d  RBCs  a n d  P M N s  is an  
i n d i c a t i o n  of t h e  h i g h  p r o p o r t i o n  of s i tes  w h i c h  do n o t  
b i n d  ca lc ium ions s ign i f ican t ly  in  compar i son  w i t h  those  
wh ich  b i n d  ca lc ium ions more  s t rong ly  t h a n  n e u r a m i n a t e  
ions. 

The  resu l t s  p r e s e n t e d  show t h a t  t h e  ca lc ium ions are 
b o u n d  to  a t  leas t  2 t ypes  of s i te  in  t h e  p e r i p h e r a l  regions  
of RBCs  a n d  P M N s  Which differ  s ign i f i can t ly  in  t h e i r  
in t r ins ic  aff ini t ies  a n d  t h a t  in  a d d i t i o n  t h e r e  are an ionic  
si tes a t  wh ich  l i t t l e  or no  ca lc ium ion b i n d i n g  occurs  s. 

Zusammenfassung. Neue  E r k e n n t n i s s e  f iber die q u a n t i -  
t a t i v e n  Z u s a m m e n h ~ n g e  y o n  f ix ier ten ,  n e g a t i v e n  La-  
d u n g e n  a n  Z e l l m e m b r a n e n  u n d  ih r en  I n t e r a k t i o n e n  m i t  
Ka l z ium- Ionen .  Die  e l ek t rophore t i s che  Ana lyse  der  
B i n d u n g  v o n  Ca- Ionen  a n  mensch l i che  p o l y m o r p h -  
kern ige  L e u k o z y t e n  u n d  ro te  B l u t k 6 r p e r c h e n  d e u t e t  die 
A n w e s e n h e i t  yon m i n d e s t e n s  3 ve r sch i edenen  an ion i schen  
L a d u n g s k o n f i g u r a t i o n e n  ill der  p e r i p h e r e n  Zone  der  
Zellen an. Die zwischen  den  Ca - Ionen  u n d  den  Ober-  
f l~chen-Anionen  ex i s t i e r enden  e l ek t rochemischen  freien 
B i n d u n g s e n e r g i e n  s ind re l a t iv  s chwach ;  d a r a u s  folgert,  
dass  die Ca - Ionen  n u r  sch lech te  K o m p o n e n t e n  fiir eine 
d i rek te  interzellulS.re ~ b e r b r i i c k u n g  dars te l ten.  
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