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(Na  + + K+) -Act iva ted  A T P a s e  and K+-Act iva ted  p - N i t r o p h e n y l - P h o s p h a t a s e  Act iv i t i e s  of the 
N e r v o u s  S y s t e m  Cel ls  in T i s s u e  Culture  

Active  t r anspo r t  of cellular sodium ou tward  and potas-  
s ium inward  is t h o u g h t  to be due to a m e m b r a n e - b o u n d  
(Na + + K+)-act ivated,  ouaba in- inh ib i tab le  ATPase  
sys t em (reviews ~ 4). Of several  tissues, the  h ighes t  
ac t iv i ty  of (Na+ + K+)-ATPase  has been  found in 
m e m b r a n e s  f rom the  nervous  sys tem 5. The regional  
d i s t r ibu t ions  of (Na + + K+)-ATPase  ac t iv i ty  in the  
bra in  of r abb i t  s, rhesus monkey  7 and mouse  s have  been 
establ ished.  For  cellular d is t r ibut ion,  d i f ferent  approaches  
were necessary  in view of the  complex i ty  of bra in  t issue 
and l imi ta t ions  in cell separa t ion  techniques .  ATPase  
ac t iv i ty  has been s tudied  on neurons  and glia ob ta ined  by  
f reehand  dissect ion 9 and on f ract ions  ' enr iched '  in e i ther  
glial or neuronal  cells af ter  carrying out t issue sieving and 
dens i ty  grad ien t  centrifugation~~ n.  Methods  for large 
scale p repa ra t ion  of the  cent ra l  nervous  sys t em cells 
p roduce  a large a m o u n t  of cell damage  and  provide  
highly  he terogeneous  neuronal  and glial cell f ract ions  
wi th  mu tua l  con t amina t i on  by  cell processes and mem-  
brane  s t ruc tures  t2. 

The use of subcutaneous ly  grown roden t  as t rocy tes  
p e r m i t t e d  the  s tudy  of (Na+ + K+)-ATPase  ac t iv i ty  of 
these  cells u n c o n t a m i n a t e d  by  neuronal  cell bodies,  
processes and synap t ic  membranes ,  or by  o ther  glial cell 
types  ~a. Recen t ly  developed cell lines wi th  biochemical  
character is t ics  of d i f fe ren t ia ted  glia ~4 and neurona l  
cells ~5 offered an oppo r tun i t y  for s tudy  of the  sodiunl  
p u m p  enzyme system.  We wish to repor t  here the  (Na + + 
K+)-ATPase  ac t iv i ty  in several  mouse neurob las toma  
clonesXS,~6, NN hams te r  astroblasts17, C6 g l ioblas toma 
cells~4 and in as t roblas ts  from the  new-born  ra t  bra in  in 
pr in lary  culture 'S.  We also repor t  the  exis tence of a K+- 
ac t iva ted ,  ouabain- inhib i ted  p -n i t ropheny lphospha t a se  
ac t iv i ty  in these cell lines. I d e n t i t y  of the  K+-ac t iva ted  
phospha tase  ac t iv i ty  wi th  the  dephosphory la t ion  s tep in 
the  (Na+ + K+)-ATPase  react ion has previous ly  been 
suggested (see2,4). While th is  work was in progress,  
[4[IMELBERG 19 repor ted  on (Na+ -F K+)-ATPase  ac t iv i ty  
in mouse neurob las toma  2A and ra t  gl ioma C 6 cells. 

Methods. Cell cultures. The NN cell line ~ and C6 cell 
line 14 were ob ta ined  from Nor th  Amer ican  Biologicals 
Inc. and  Amer ican  Type Culture Collection, respectively.  
Clones N18, $21 and N1E-115 were a gift  f rom Dr. M. 
NIRENBERG (Labora tory  of Biochemical  Genetics,  Na- 
t ional  Hea r t  and Lung  Ins t i tu te ,  NIH,  Bethesda ,  Md.). 
Clonal cell line M1 was developed and charac te r ized  in our 
laboratory .  Cells were grown in mono laye r  cul ture in 
Fa lcon t issue cul ture flasks wi th  a g rowth  area of 75 
cm 2 in Dulbecco 's  modif ied  Eagle 's  med ium supp lemen ted  
wi th  10% foetal  calf serum (Gibco, Grand Island,  N.Y.) 
and 50 units  of sodium penicil l in G and 25 b~g of s t repto-  
mycin  sulfate per  ml. The cul tures were incuba ted  at  
37 ~ in a humidi f ied  a tmosphe re  of 5% CO 2 and 950/o air. 
Ast rocytes  f rom bra in  of new-born  rats  were cul tured,  as 
previous ly  descr ibed ~8, and s tudied  af ter  20 days  o5 
cul t ivat ion.  Cells were grown to s t a t ionary  phase  before 
use. Tests  for infes ta t ion  wi th  mycop lasma  were negat ive.  

En zyme  assay. E n z y m a t i c  ac t iv i ty  was de t e rmined  in 
homogena tes  p repared  as follows. Before ha rves t ing  the  
cells, the  culture med ium was decan ted  and  the  cul tures 
were washed 3 t imes  wi th  buffered isotonic saline con- 
ta in ing 1 m M  N% EDTA.  The cells were r emoved  f rom 
the  plast ic  by  scraping wi th  a rubber  pol iceman.  The 
suspended  cells were collected by  cen t r i fuga t ion  and 
homogenized  in double  disti l led water  in a Po t t e r -E lveh -  
j em homogenizer  wi th  a tef lon pestle. 

(Na + + K+)-ATPase  and K+-ac t iva ted  p-n i t rophenyl -  

phospha t a se  act ivi t ies  were de te rmined  as descr ibed 
previously  s. I ncuba t ion  m e d i u m  for the  ATPase  ac t iv i ty  
conta ined  abou t  300 ~zg of cell protein,  30 m M  Tris-HC1 
buffer  (pH 7.4), 3 m M  ATP, 3 m 3 I  MgC12, 100 m M  
NaC1 and  20 m M  KC1. One set  of t r ipl icates  con ta ined  1 
m M  ouabain.  The (Na+ + K+)-ATPase  ac t iv i ty  was 
calcula ted by  sub t rac t ing  the  ac t iv i ty  in ouabain-con-  
ta in ing  med i u m from t h a t  w i t h o u t  ouabain.  

The assay of p - n i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty  was 
carried out  in a med ium conta in ing  about  100 ~zg of cell 
protein ,  30 m M  Tris-HC1 buffer  (pH 7.8), 3 m M  p-ni t ro-  
pheny lphospha t e ,  3 m M  MgCt 2 and 10 m M  KC1. One set 
of t r ipl icates  received ouabain  to a final concen t ra t ion  of 
1 m214. K+-ac t iva ted  p -n i t r o p h en y l p h o s p h a t a s e  ac t iv i ty  
was e s t ima ted  as the  difference be tween  the to ta l  ac t iv i ty  
and the  ac t iv i ty  in the  presence  of 1 m M  ouabain.  
P ro te in  was de te rmined  by  a modif ica t ion of the  m e t h o d  
o f  g o ~ v R u  et a13 ~ 

Results and discussion. Four  mouse neu rob la s toma  
clones have  been studied.  W i t h  respect  to n e u r o t r a n s m i t t e r  
synthes is  a~, N1E-115 and  M1 clones were def ined as 
adrenergic,  $21 as cholinergic and  N18 as inact ive  cells. 
(Na+ + K+)-ATPase  ac t iv i ty  of neu rob la s toma  cells 
(Table) ranged  f rom 0.44 =L 0.02 to  0.62 • 0.04 txmol/mg 
cell p ro te in /h ,  in the  N18 and  M1 clones, respect ively.  
Gliat celI lines, neoplast ic-C6 and neona ta l  h a m s t e r  
as t rob las t s -NN had  higher  (Na+ + K+)-ATPase  ac t iv i ty  
t h a n  neuroblas t s  in culture.  As t rob las t s  f rom new-born  
ra t  bra in  in p r i ma ry  culture had  abou t  4-5 t imes  higher  
(Na+ + K+)-ATPase  ac t iv i ty  t h a n  neurob las toma  clones 
and 2,5-3 t imes  higher  t h a n  NN and  C6 cell line. 

N i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty  which is s t imula ted  
by  po tas s ium and  inhib i ted  by  ouabain  has been found  in 
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ATPase and p-nitrophenylphosphatase activities of cultured glioma and neuroblastolna cells 

EXPERIENTIA 31/7 

ATPase activity ~ 

(Na + + K+)-ATPase Mg~+-ATPase 

p-Nitrophenylphosphat ase activity b 

K+-p-nitrophenyt - Mg3+-p-nitrophenyl - 
phosphatase phosphatase 

Mouse neuroblastoma N1E-115 0.55 -4- 0.05 3.95 :j= 0.13 0.14 ~ 0.01 2.11 ~ 0.05 
Mouse neuroblastoma M1 0.62 i 0.04 4.07 ~ 0.08 0.13 ~_ 0.01 1.81 i 0.06 
Mouse neuroblastoma $21 0.47 • 0.03 3.80 :t= 0.10 0.12 ~ 0.01 2.59 -t- 0.07 
Mouse neuroblastoma N18 0.44 ::L 0.03 3.89 ~ 0.08 0.12 t-  0.01 2.10 =~ 0.09 
Rat astrocytoma C6 0.67 ~= 0.05 2.35 :k 0.10 0.17 • 0.02 2.40 -4- 0.08 
Hamster astroblasts NN 0.89 :~ 0.03 2.76 ~ 0.09 0.17 ~= 0.01 2.27 -1- 0.12 
New-born rat astroblasts 2.33 =L 0.06 14.35 ~ 1.10 0.28 ~- 0.03 3.10 ~ 0.18 

Each value is the mean of 7 experiments =k SEM. "As/xmol Pi liberated/mg protein/h, hAs ~tlnol p-nitrophenol released/mg protein/h. 

neurob las toma  and  g l ioblas toma cells (Table). Astro-  
b las ts  i n  p r ima ry  cul ture had  a K+-ac t iva ted  p-ni t ro-  
p h e n y l p h o s p h a t a s e  ac t iv i ty  s ignif icant ly higher  t h a n  
neu rob la s toma  or gl ioma clonal cell line. As in brain  s, 31, 32 
or some o ther  tissues2,4, th is  phospha ta se  ac t iv i ty  paral-  
lels the  (Na+ + K+)-ATPase  act ivi ty ,  being in a fair ly 
cons t an t  rat io wi th  the  la t t e r  act ivi ty .  (Na+ + K+)- 
ATPase /K+-ac t i va t ed  p -n i t r opheny lphospha t a se  rat io 
was 3.7-4.8 for neurob las toma  cells, 3.9-5.2 for gl ioma 
cells and  abou t  8.3 for cul tured  new-born  ra t  as t rocytes .  

The da t a  p resen ted  show t h a t  neurob las toma  and  
cul tured glioma cells have  a s ignif icant  sodium p u m p  
enzyme act iv i ty .  Higher  (Na + + K+)-ATPase  ac t iv i ty  in 
glia have  previous ly  been suggested,  t hough  measure-  
men t s  of ATPase  ac t iv i ty  were done on neuronal  peri-  
caryal  p repara t ions  ob ta ined  by  a bulk isolation procedure  
and v i r tua l ly  w i thou t  neurona l  processes and synap t i c  
membranes .  The nerve  ending  par t ic les  have  been shown 
to have  high (Na+ + K+)-ATPase  a c t i v i t y ~ ,  24. 

The specific ac t iv i ty  of the  sodium p u m p  enzyme of 
n e u r o b l a s t o m a  and  g l ioblas toma cells in culture is m u c h  
lower t h a n  the  enzymat i c  ac t iv i ty  of brain  tissue. Cul- 
tures  of neurob las toma  and  glioma cells were p repa red  
f rom neoplas t ic  and /o r  embryonic  nervous  system.  The 
s t u d y  of (Na+ + K+)-ATPase  ac t iv i ty  dur ing develop- 
merit  showed a ve ry  low ac t iv i ty  at  b i r th  and  ab rup t  and 
m arked  increase pos tna ta l ly  35-37. Thus, the  lower (Na+ + 
K+)-ATPase  ac t iv i ty  of cul tured  cells may  be expla ined 
by  the  i m m a t u r i t y  of these  cells. Higher  (Na+ + K+)- 
ATPase  ac t iv i ty  of as t rob las t s  in p r ima ry  cul ture fits th is  
concept .  Clonal cell lines NN and  C6 have  been ma in ta ined  
for a long t ime in cul ture and  p robab ly  are more  de- 
d i f ferent ia ted.  D i b u t y r y l - c A M P  induced di f ferent ia t ion  
increased (Na+ + K+)-ATPase  ac t iv i ty  in neurob las toma  
cells 2s. 

K+-ac t iva ted  phospha t a se  ac t iv i ty  of mouse  neuro- 
b las toma  clones was lower t h a n  in mouse bra in  bu t  
correlates  wi th  the  (Na+ + K+)-ATPase  ac t iv i ty  in 
these cells. A fairly cons t an t  (Na+ + K+)-ATPase/K+-  
ac t iva ted  p - n i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty  rat io has 
previous ly  been found in mouse  brain,  even in regions 
wi th  di f ferent  enzymic  activitiesS. The rat io be tween  the  
two act ivi t ies  s tays  cons t an t  during the  pur i f ica t ion of 
the  (Na + + K+)_ATPase 21, 29, s0. Correlat ion be tween  
the  (Na + + K+)-ATPase  and  K+-ac t iva ted  p-ni t ro-  
p h e n y l p h o s p h a t a s e  act ivi t ies  in cul tured cells, like in 
bra in  or some o ther  tissues, fur ther  suppor t s  the  view 
t h a t  (Na+ + K+)-ATPase  and  K+-ac t iva ted  p-ni t ro-  
p h e n y l p h o s p h a t a s e  act ivi t ies  are t he  same enzyme 
sys tem.  

Rdsumd. Les act ivi t6s  ATPas ique  (Na + + K+)-activ6e 
et  p -n i t roph6ny lphospha t a s ique  K+-activ6e on t  6t6 
6tudi6es dans  des cellules du neurob las tome de souris et  
dans  des cellules gliales en culture.  L 'ac t iv i t6  ATPas ique  
(Na+ + K+) est  plus 6levee au niveau des cellules gliales. 
L 'ac t iv i t6  p -n i t roph6ny lphospha t a s ique  K+-activ6e est  
parall~le ~ celle de l 'act ivi t6  ATPas ique  (Na+ + K+) dans  
un r ap p o r t  r e l a t ivemen t  co n s t an t  avec cet te  derni~re 
act ivi t6 enzymat ique .  
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