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INTRODUCTIOiV 

A l o t  of work has been performed on the  var ious  e f f e c t s  of exogenous ATP on 

i n t a c t  animal c e l l s .  I n  most cases  these  e f f e c t s  a r e  ascr ibed  t o  changes i n  per- 

meabili ty induced by ATP. The e f f e c t s  a s  regards permeabili ty changes a r e  usual- 

l y  h ighly  s p e c i f i c  and a r e  not obtained by nonspecific che la t ing  agents nor 

by o ther  nucleoside t r iphosphates  (12, 24). Dramatic e f f e c t s  on e f f l u x  and 

sometimes 

c e l l s  when exposing them f o r  sho r t  times with low concentrations of ex terna l  

ATP (8,34).  E f fec t s  by exogenous ATP on t h e  water and i o n i c  contents of t he  

c e l l s  of kidney tubules have a l s o  been reported (32). Among the  var ious  e f f e c t s  

of low concentrations of exogenous ATP on the  i n t a c t  c e l l s  t h e  i n h i b i t i o n  of 

t he  insu l in-  s t imula ted  glucose oxida t ion  might a l s o  be mentioned ( 9 ) .  

i n f l u x  of potassium and some o the r  ions were obtained on d i f f e r e n t  

Small concentrations of ATP have been e f f e c t i v e  i n  a l l  i n s t ances  mentioned 

above i n  agreement with the  ex is tence  of small amounts of ATP i n  the  ex t race l -  

l u l a r  space. The question a r i s e s  whether any of t he  e f f e c t s  of exogenous ATP 

have physiological s ign i f i cance .  Several  p o s s i b i l i t i e s  f o r  providing extra- 

c e l l u l a r  ATP have been advanced. One p o s s i b i l i t y  might be the  production of 

ATP i n  the  su r face  membrane, s ince  seve ra l  c e l l s  have shown the  capab i l i t y  t o  

form e x t r a c e l l u l a r  ATP i n  i n  v i t r o  experimental systems (2 ,3) .  Evidence a l s o  

e x i s t s  t h a t  ATP may be t rans loca ted  from the  cytosol t o  the  ex ter ior  of the  

c e l l  (32,34). The ex is tence  of nuc leo t ide  pyrophosphatases ( l o ) ,  e A T P a s e  

(1,2,28) and ATP requi r ing  p ro te in  k inases  (4,27,31) on t h e  sur face  of animal 

c e l l s  almost makes it obl iga tory  t h a t  some mechanism f o r  providing ex terna l  

ATP should e x i s t .  

Many of the  permeabili ty changes induced by low concentrations of ex t race l -  

l u l a r  ATP might be a t t r i b u t e d  t o  a p ro te in  k inase  ca ta lyzed  phosphorylation of 

endogenous acceptors a t  the  ou te r  su r f ace  of t he  c e l l  (15). Plasma membrane 

bound p ro te in  k inase  phosphorylating endogenous membrane p ro te ins  a t  t h e  c e l l  

sur face  was f i r s t  described i n  Ehr l ich  c e l l s  (5,26,31). Using exogenous 
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32 (y P )  ATP a s  s u b s t r a t e  and sometimes h i s t o n e  and p h o s v i t i n  as exogenous accep- 

t o r s  (27,29,30) ,  i t  was apparent  t h a t  t h e  r e a c t i o n  took p l a c e  a t  t h e  o u t e r  sur -  

f a c e  of t h e s e  c e l l s  and r e s u l t e d  i n  phosphoryla t ion  of proteinbound s e r y l -  and 

threonyl-  res idues .  Such r e a c t i o n s  were not  f u r t h e r  s t i m u l a t e d  by c y c l i c  MP o r  

c y c l i c  GMP (6 ,30) .  The c y c l i c  n u c l e o t i d e s  w e r e  i n s t e a d  i n h i b i t o r y  i n  c a s e  of 

us ing  prepared plasma membrane v e s i c l e s  i n s t e a d  of  i n t a c t  E h r l i c h  c e l l s  f o r  t h e  

incubat ion  experiments  (31) .  Other i n h i b i t o r s  f o r  t h e  r e a c t i o n  w e r e  Ca and 

adenosine (27,31). Exogenous GTP w a s  as e f f i c i e n t  as ATP as a phosphoryL group 

donor i n  t h e  E h r l i c h  c e l l  experimental  system whi le  CTP, UTP and inorganic  py- 

rophosphate were p r a c t i c a l l y  unable  t o  r e p l a c e  ATP ( 4 ) .  

2i 

32€'-Labeled phosphorylser ine  and phosphoryl threonine were a l s o  i s o l a t e d  from 

a plasma membrane f r a c t i o n  recovered from E h r l i c h  cel ls  t h a t  had been pre labe-  

l e d  with ( P )  or thophosphate  (Table V i n  r e f e r e n c e  7) .  These s t u d i e s  on E h r l i c h  

ce l l s  have now been extended t o  comprise s e v e r a l  human c e l l s  i n  c u l t u r e  such 

as g l i a ,  glioma ce l l s ,  p e r i p h e r a l  lymphocytes and f i v e  d i f f e r e n t  hematopoiet ic  

ce l l  l i n e s .  

32 

SETHODS 

Separa t ion  of lymphocytes from p e r i p h e r a l  blood and d e s c r i p t i o n  of c e l l  li- 

nes and t i s s u e  c o n d i t i o n s  as wel l  a s  p r e p a r a t i o n  of c e l l s  f o r  i n c u b a t i o n  expe- 

r iments  have been descr ibed  elsewhere (1). The incubat ion  procedure and analy- 

t i c a l  methods i n  prev ious  r e p o r t s  were fol lowed (1 ,31) .  The (y P)ATP concentra-  

t i o n  i n  t h e  p r e s e n t  work w a s  always 25 DM and i n c u b a t i o n s  w e r e  c a r r i e d  o u t  a t  

32 

37OC.  

RESULTS AND DISCUSSION 

Some of t h e  c h a r a c t e r i s t i c s  of t h e  human hematopoie t ic  c e l l  l i n e s  a r e  given 

i n  Table  1. A l l  t h e s e  human c e l l s  had t h e  c a p a b i l i t y  t o  phosphoryla te  t h e  sur-  

f a c e  membrane t o  d i f f e r e n t  degree i n d i c a t i n g  t h e  presence  of  endogenous p r o t e i n  

k i n a s e  as w e l l  as a c c e p t o r  p r o t e i n s  a t  t h e  s u r f a c e  of  t h e s e  c e l l s .  ( P) phos- 

phoryl  s e r i n e  w a s  always i n  excess  of (32P) phosphoryl threonine by a f a c t o r  of  

2.5-5.5 (Table 2 ) .  Normal lymphocytes and lymphoblastoid c e l l s  d i sp layed  low 

p r o t e i n  k i n a s e  a c t i v i t i e s  a t  t h e i r  c e l l  s u r f a c e s  and comparable t o  t h o s e  of 

human g l i a  and glioma cells.  The myeloma and leukemia c e l l  l ines  on the cont ra -  

r y  d isp layed  high a c t i v i t i e s .  The lymphoblastoid c e l l s ,  t h a t  showed low p r o t e i n  

k i n a s e  a c t i v i t y ,  were not  f u r t h e r  s t i m u l a t e d  by 1 x 10 M c y c l i c  AMP whi le  a 

48.3% s t i m u l a t i o n  by t h e  c y c l i c  n u c l e o t i d e  was obta ined  w i t h  t h e  lymphocytic 

leukemia c e l l s  (Table  2 ) .  
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Table 2. 
Results giveg2in picomoles ( -1 c e l l s  . (y P) ATP conc.: 25uM. 

Autophosphorylatioy2at the cell surface of different human-fell lgnes. 
P) phosphoryl groups transferred x min x 10 

Human cell type Phosphorylserine Phosphorylthreonine 

glioma cells 
normal lymphocytes 
lymphoblastoid 
(line U-61M)X 
glia cells 
myeloma cells 
(line WMI 8226) 
leukemia, myeloid 
(line K-562) 
leukemia, lymghocytic 
(line U-698M) 
myeloma cells 
(line U-266) 

0.33 
0.95 

1.10 
1.49 

7.40 

20.6 

55.5 

87.1 

0.06 
0.20 

0.34 
0.37 

2.43 

6.38 

21.9 

22.0 

-5 %esults in the presence of 1x10 M cyclic AMP in incubation medium: 
lymphoblastoid 
(line U-61M) 1.05 0.33 
leukemia, lymphocytic 82.3 30.2 
(line U-698M) 

The reason for the rather large differences in protein kinase activity at 

the cell surface is not known at present. Since all the cells studied also have 

an ecto ATPase activity (1,2) one might argue that the cells with high ATPase 
activity would display low protein kinase activities due to concomitant ATP 

splitting activity thereby decreasing the substrate concentration. A reciprocal 

relationship was indeed discernible for some of the cell lines so that cells 

like RPMI 8226 and U 61M with high ectoATPase activities (1) showed relatively 

low proteinkinase activities and cells like U 698 with a low ectoATPase activi- 

ty showed a rather high protein kinase activity. Exceptional to that rule , 

was cell line U 266 B 1  that showed high activities for both ectoATPase and 

endogenous proteinkinase at the cell surface. Other aspects to be considered 

are possible steric hindrances at the cell surface for the hydrophilic ATP 

molecule preventing a close contact between the active center of the surface- 

located protein kinase and the substrate. Also, a possible phosphoprotein 

phosphatase reaction at the cell surface has not been taken into account and 

differences between cells can not only be explained by the protein kinase acti- 

vity but also by a possible dephosphorylation at the cell surface. 

The present findings on several human cell lines imply a more general 

significans for phosphorylation reactions at the cell surface. The mode of 

regulating membrane protein kinases and the function of such phosphorylated 

membrane components pose intriguing questions for future studies on the mecha- 

nism of plasma membrane regulatory functions. 
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