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Abstract--Adenosine triphosphatases activated by calcium or magnesium have been demonstrated on 
the outer surface of rat peritoneal mast cells and macrophages. The plasma membrane ATPases in 
the two types of cells have similar but not identical properties. Mg 2+ is somewhat more effective than 
Ca ~+ in stimulating both the enzymes. They are not influenced by sodium and potassium and not 
inhibited by ouabain and oligomycin. Ethacrynic acid inhibits both, but the mast cell enzyme is more 
sensitive to it. The enzyme on the macrophage has five to thirty-seven times higher activity (average 
seventeen times) than that on the mast cell. The apparent K,, of the enzymes in intact cells, incubated 
with adenosine triphosphate for 5 min, is estimated to be 36/zM for mast cells and 30/zM for 
macrophages. The optimal pH for the mast cell and the macrophage enzymes is 6.7 and 7. I respectively. 
The activities of the two enzymes rise similarly with temperature up to 37 ° but differ at 47 ° , the 
macrophage enzyme being less active at this temperature than at 37 °. Phosphatidyl serine, which 
stimulates anaphylactic and dextran-induced histamine release, causes about 40 per cent stimulation 
of the plasma membrane ATPase of mast cells in the absence of Ca ~+ and Mg 2÷ but has no appreciable 
effect in their presence. No change in the mast cell enzyme could, however, be observed in relation 
to histamine release induced by dextran, compound 48/80 and ATP. But ethacrynic acid, which in I 
mM concentration inhibits 50 per cent of the mast cell enzyme activity, also causes pronounced 
inhibition of histamine release induced by all the three agents in the same concentration. The inhibition 
is not influenced by the presence of glucose, suggesting that ethacrynic acid does not inhibit histamine 
release by blocking energy metabolism. Ethacrynic acid apparently acts at another site. The site of 
action could very well beplasma membrane ATPase. There is also a correlation between the inhibition 
of the mast cell enzyme by sodium fluoride and lack of calcium and their inhibitory effect on histamine 
release. The possible involvement of the plasma membrane ATPase of mast cells in the process of 
exocytosis leading to histamine release is discussed. 

Calc ium or magnes ium act iva ted  ATPases  have 
been  d e m o n s t r a t e d  in the p lasma m e m b r a n e  or the 
sec re to ry  granule of  various types  of  sec re to ry  
cells [ 1-5]. In the adrenal  medul la  a corre la t ion  has 
been shown  be tween  Mg z÷ ATPase  of  chromaff in  
granules  and ca techol  amine  re lease  [2]. For  plate- 
lets it has  been  sugges ted  that the Ca~+-Mg 2+ 
ATPase  in the contrac t i le  e lement ,  ac tomyos in ,  of  
the platelet  m e m b r a n e  by bringing about  a change  
in the fo rm of the m e m b r a n e  may p romote  the 
re lease  react ion [5]. CaZ+-Mg 2+ ATPases  have also 
been  d e m o n s t r a t e d  in the granules  of  po lymorpho-  
nuclear  l eukocy tes  [6] and in the p lasma m e m b r a n e s  
of  hematopo ie t i c  cell l ines secre t ing  immuno-  
globin[7] ,  and in each  case  it has been p ro p o s ed  
that  the e n z y m e  is involved in the sec re to ry  p rocess .  
F u r t h e r m o r e ,  it has been  sugges ted  that  p lasma 
m e m b r a n e  ATPases  of  m a c r o p h a g e s  and leukocytes  
may par t ic ipate  in the phagocyt ic  p rocess  [8-10]. 
H o w e v e r ,  the s teps  leading to secre t ion  or phago-  
cy tos is  remain to be explored .  

In the p resen t  s tudy we have  d e m o n s t r a t e d  
CaZ+-Mg 2+ ac t iva ted  ATPases  on the ou te r  sur face  

* To whom reprint requests should be addressed. 

of  the p lasma m e m b r a n e  of  rat per i toneal  mast  cells 
and macrophages ,  and a t t empted  to explore  the 
relat ion of  the mast  cell e n z y m e  to the secre t ion  of  
his tamine.  

MATERIALS AND METHODS 

Male Wistar  rats,  250-550 g, were  used for  all 
expe r imen t s  excep t  for  one  group in which mast  
cells f rom male S p r a g u e - D a w l e y  rats were  incu- 
ba ted  with c o m p o u n d  48/80 for  20 sec.  Mast  cells 
were  separa ted  f rom the o the r  per i toneal  cells 
(most ly macrophages )  by differential  cent r i fugat ion 
in c o n c e n t r a t e d  human  serum albumin as desc r ibed  
previously[1 I, 12]. P lasma m e m b r a n e  ATPase  ac- 
tivities were  de t e rmined  in both  the mast  cell and 
the mac rophage  f rac t ions .  The cells,  pooled  f rom 6 
to 24 rats ,  were  s u s p e n d e d  in K r e b s - R i n g e r  solut ion 
(NaCI 139.8 mM, KCI 4.7 mM, MgSo4 1.2 mM,  
CaCI2 2.5 mM) with Tr i s -HC!  buffer  3.1 mM and 1 
mg/ml human se rum albumin,  final pH 7.5. CaCI2 
was h o w e v e r  omi t ted  in e x p e r i m e n t s  with fluoride. 
The purity of  the cells was de t e rmined  by fixing and 
staining samples  of  mast  cells and macrophages  in 
a solut ion conta ining 10 ml formal in ,  2 ml acet ic  
acid,  10 mg toluidine blue and  88 ml 0.9% NaCI [13]. 
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The  mast  cells were  d i f fe ren t ia ted  by the  s ta in ing  of 
the i r  g ranules  f rom the  m a c r o p h a g e s .  F ive  h u n d r e d  
cells were  c o u n t e d  for  each  p repa ra t ion .  The  puri-  
ties of the  mast  cells  and  m a c r o p h a g e s  were  
97.2 + 0 . 2 3  per  cen t  and  97.8_+0.19 per  cen t  
(mean  _+ S. E .M. )  respec t ive ly .  

For  the  d e t e r m i n a t i o n  of A T P a s e  ac t iv i t ies  of  the  
p lasma  m e m b r a n e ,  the cells were  i ncuba t ed  with 
a d e n o s i n e  5' (ya2p) t r i p h o s p h a t e  and  the  te rminal  
: ' zP-or thophospha te  re leased  in the reac t ion  was 
measured .  Usual ly  four  samples  of  mast  cells were  
used,  two of them being  e x p o s e d  to h i s t amine  re- 
leasers  or  o the r  agen ts  and  the  o the r  two se rv ing  
as con t ro l s .  In some  e x p e r i m e n t s  six samples  were  
used to s tudy the effect  of two di f ferent  agents .  
0.5 × 10"-1.8 x 10 ~ mast  cells were  used for  each  
sample  in mos t  of  the  e x p e r i m e n t s  for  the  de ter -  
ruinat ion of  A T P a s e  ac t iv i ty ,  but  in a few exper i -  
men t s  with  very  shor t  incuba t ion  per iod  a larger  
n u m b e r  of  mas t  cells up to 7 x I0" per  sample  was 
used.  Samples  of m a c r o p h a g e s  were  i ncuba t ed  
s imu l t aneous ly  to d e t e r m i n e  the  A T P a s e  ac t iv i ty  of 
these  cells.  T he  n u m b e r  of  m a c r o p h a g e s  used  was 
abou t  equal  to that  of mas t  cells in the ear l ier  
e x p e r i m e n t s .  Because  of  the  high e n z y m e  act iv i ty  
in the  m a c r o p h a g e s  the i r  n u m b e r  was la ter  r educed  
to 1/3 to 1/10 of tha t  of the  mas t  cells.  The  cells 
were  p r e w a r m e d  at 37 ° for  5-20 rain in 15 ml plast ic  
cen t r i fuge  tubes  and  the  incuba t ion  was t h e r e a f t e r  
c o n t i n u e d  usual ly  for  15 rain with 7azp-ATP and  cold 
ATP  giving a total  A T P  c o n c e n t r a t i o n  of 5-18 uM.  
The  initial specific ac t iv i ty  of  yaeP-ATP, 1160-3750 
"aCi/,amole, was  r educed  by the  addi t ion  of cold  ATP  
to 67-411 ,aCi/,amole. The  vo lume  of  the  cell 
s u s p e n s i o n s  a f t e r  the  addi t ion  of  A T P  and  o the r  
reagen ts  was  usual ly  1.5 ml. The  reac t ion  was  
t e r m i n a t e d  by add ing  0.5 ml t r i ch lo roace t i c  acid 
giving a final c o n c e n t r a t i o n  of 0.3 N. The  TCA-  
ex t rac t  was  neu t ra l i zed  wi th  N a O H  solu t ion  and  the  
o r t h o p h o s p h a t e  was e x t r a c t e d  a f te r  c o n v e r s i o n  to 
p h o s p h o m o l y b d i c  acid in a mix tu re  of  i sobutyl  
a lcohol  and  b e n z e n e [ 1 4 - 1 6 ] .  The  samples  and  all 
so lu t ions  were  kept  at 0 -4  ° excep t  dur ing  the  incu- 
ba t ion  at 37 °. An al iquot  of  the  i sobuty l  a l c o h o l -  
b e n z e n e  layer  was  c o u n t e d  for  :~zP in instagel  in a 
Nuc lea r  Ch icago  Mark  II l iquid scint i l la t ion c o u n t e r  
and  f rom this  va lue  the a m o u n t  of inorganic  phos-  
pha te  (P,) re leased  was ca lcu la ted .  Con t ro l  samples  
w i thou t  cells  were  run  th rough  ident ical  p r o c e d u r e s  
to  d e t e r m i n e  the  n o n e n z y m a t i c  hydro lys i s  of ATP.  
This  va lue  (average  2.5 per  cent )  was  d e d u c t e d  to 
ob ta in  the  A T P a s e  ac t iv i ty  on  the  p lasma  m e m b r a n e  
of  the  cells.  Sepa ra t e  con t ro l  e x p e r i m e n t s  were  a lso 
run  to c h e c k  the  r ecove ry  of P~ by  add ing  
:~2P-orthophosphate to mas t  cells,  m a c r o p h a g e s  and  
to the  so lu t ion  f ree  f r o m  cells.  In all cases  comple t e  
r e c o v e r y  was  ob ta ined .  

In each  e x p e r i m e n t ,  the  mas t  cell s amples  gave  
A T P a s e  va lues  for  p r e d o m i n a n t l y  mas t  cells but  the  
ac t iv i ty  of  a small  n u m b e r  of  c o n t a m i n a t i n g  macro-  
phages  was  inc luded  in the  mas t  cell va lues .  As  the  
p l a sma  m e m b r a n e  A T P a s e  ac t iv i ty  was  f o u n d  to be  
severa l  t imes  h igher  in the  m a c r o p h a g e s  (see 
Resul t s )  as c o m p a r e d  to the  mas t  cells,  the  e n z y m e  
ac t iv i ty  of  the  mas t  cell s amples  had  to be  c o r r e c t e d  
for  the  par t  c o n t r i b u t e d  by  the  f ew m a c r o p h a g e s  in 

spile of the  high degree  of  the  puri ty  of the  cells. 
The  m a c r o p h a g e  samples  l ikewise gave  ATPase  
values  for  most ly  m a c r o p h a g e s  but with  a few con-  
l amina t ing  mas t  cells. S ince  the  puri t ies  of  the mast  
cell and  m a c r o p h a g e  samples  were  k n o w n  in each  
e x p e r i m e n t  the  values  for  100 per  cen t  mas t  cells and  
100 per  cen t  m a c r o p h a g e s  could  be ca lcula ted .  
These  ca lcu la ted  ATPase  values  for  pure  mas t  cells 
and  pure  m a c r o p h a g e s  have  been  p re sen t ed  in the  
tables  and  figures. It has  been  a rout ine  p rocedure  
to d e t e r m i n e  the  e n z y m e  act iv i t ies  in bo th  the types  
of  cells,  even  w h e n  the m a c r o p h a g e  va lues  are not  
p re sen ted ,  and  f rom these  resul t s  to ca lcu la te  the 
co r rec t ed  va lues  for  100 per  cen t  pure  mast  cells and  
mac rophages .  Some  worke r s  have  used reduced  
g lu ta th ione  in the med ium for  de t e rmin ing  the 
p lasma  m e m b r a n e  ATPase  act iv i ty  of intact  
cel ls  l l7] .  in a few of our  p re l iminary  e x p e r i m e n t s ,  
r educed  g lu ta th ione  0.67 mM was added  to the 
samples  for  A T P a s e  de t e rmina t ion .  Its p r e s e n c e  
h o w e v e r  made  no  d i f fe rence  in the e n z y m e  act iv i ty  
and  it was  t he r e fo re  omi t ted .  

W h e n  the  effect  of h i s t amine  l ibera tors  on 
ATPase  act iv i ty  was s tudied ,  h i s t amine  re lease  was 
d e t e r m i n e d  in mast  cell s amples  of the same  sus- 
pens ion  used for  the e n z y m e  assay.  The  concen -  
t ra t ion  of the  re leasers ,  the  dens i ty  of the cell 
popu la t ion  and  the  expe r imen t a l  cond i t ions  were  the  
same  as for  the  e n z y m e  assay.  The  incuba t ion  
p rocedu re  and  the  genera l  me thodo logy  for  deter -  
mining h i s t amine  re lease  f rom mas t  cells have  been  
desc r ibed  ear l ier [18] .  H i s t amine  was d e t e r m i n e d  
f luoromelr ica l ly  [19]. The  s p o n t a n e o u s  h i s t amine  
re lease ,  3.3 _+0.29 per  cent  (mean  _+ S .E .M. ) ,  has  
been  d e d u c t e d  f rom the va lues  p re sen ted .  The  con-  
cen t r a t i on  of A T P  used for  the  d e t e r m i n a t i o n  of the  
e n z y m e  ac t iv i ty  was kept  low (5-18 ,aM) in most  of 
the  e x p e r i m e n t s  to e l imina te  the risk of h i s t amine  
re lease  by A T P  itself  [20]. With  these  c o n c e n t r a -  
t ions  there  was no  h i s t amine  re lease  f rom mast  
cells in the usual  med ium con ta in ing  2.5 mM Ca e+ 
and  1.2 mM Mg ~+. H o w e v e r ,  in e x p e r i m e n t s  in 
wh ich  we wished  to s tudy the  re la t ion of  A T P a s e  to 
ATP- induced  h i s t amine  re lease ,  the c o n c e n t r a t i o n  
of  ATP  was raised to 2 5 4 0  ,aM with r educ t ion  of 
Ca  e+ c o n c e n t r a t i o n  to 0.25 mM and  omiss ion  of 
Mg 2÷ 

-/:~2P-ATP was p u r c h a s e d  f rom the  Rad iochem-  
ical Cen t r e ,  A m e r s h a m .  Cold ATP,  ouaba in  and  
o l igomycin  were  p u r c h a s e d  f rom Sigma Chemica l  
Co. Dex t r an  (tool. wt 70,000) was  ob t a ined  f rom 
Pharmac ia ,  h u m a n  se rum a lbumin  f rom Kabi ,  ins- 
tagel f rom Packard  I n s t r u m e n t  C o m p a n y  Inc. and  
phospha t idy l - / - se r ine  f rom S c h w a r z / M a n n .  Com-  
pound  48]80, a c o n d e n s a t i o n  p roduc t  of p- 
m e t h o x y p h e n e t h y l m e t h y l a m i n e  wi th  f o r m a l d e h y d e  
was kindly suppl ied  by AB Leo,  H~ilsingborg, 
Sweden .  E t h a c r y n i c  acid was  ob ta ined  th rough  the  
cou r t e sy  of Sha rp  D o h m e  & Co. 

RESULTS 

General characterization of the enzymes. The  ap- 
pa ren t  K,,, of p l a sma  m e m b r a n e s  ATPases ,  using 
in tac t  cells i n c u b a t e d  wi th  ATP  for  5 rain, were  
e s t ima ted  to be 36 "aM for  mas t  cells and  3 0 / t M  for  
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Fig. I. Effect of temperature on plasma membrane ATPase 
activity of mast cells and macrophages. The results are 
shown as percentages of the respective values at 37 ° . 
Mean _+ S.E.M. from four experiments. Concentration of 
ATP 8 #M. ATPase activities at 37 ° expressed as nmoles 
P, released/10 ~ cells in 15 min were 1.62 z0.32 for mast 
cells and 18.52 _+ 6.46 for macrophages (mean z S.E.M.). 

macrophages .  The e n z y m e  activi ty both in mast 
cells and macrophages  showed  relat ively large indi- 
vidual variat ions but the activity in the mac rophages  
was a lways several  t imes higher than in the mast 
cells. A compar i son  of the enzyme  activi ty of the 
two types  of  cells was made in 18 expe r imen t s  in 
which the number  of mac rophages  per sample  was 
1/3 to 1 / 10 of  the number  of mast  cells. The e n z y m e  
activity e x p r e s s e d  as P, re leased  per 106 cells was 
on the average 17 t imes higher (range. 5 to 37 t imes) 
in the mac rophages  as c o m p a r e d  to the mast  cells. 
The t empera tu re  curves  for  mast  cells and macro-  
phages are shown in Fig. I. They are similar up to 
37 °. the e n z y m e  activity for both rising with in- 
creas ing tempera ture .  But there  was a d i f ference  at 
47 + . While the e n z y m e  activity in mast cells still 
con t inued  to rise. a l though at a s lower  rate.  thal in 
the macrophages  d ropped  below the level at 37*. ] 'he  
e f f ec t  of pH is shown  in Fig. 2, This was studied 
be tween  pH 5.6 and 8.7. Imidazole-HC1 buffer  was 
used for  pH 5.6-7.1 and Tr i s -HCI  buffer for  pH 
7.1-8.7. The time of  incubat ion with ATP was re- 
duced  to 5 rain and the concen t ra t ion  of the buffers  
increased  to 25 mM in these  exper imen t s .  With this 
concen t ra t ion  of buffer  there  was  no change  in the 
pH of the medium af ter  incubat ion of the cells for  
5 min. The mast cell and macrophage  e n z y m e s  
showed  dist inct  peaks  at pH 6.7 and 7.1 respect -  
ively, cf.  Fig. The K r e b s - R i n g e r  solution used 
general ly  for  o ther  ATPase  expe r imen t s  was  buf- 
fe red  with 3, I mM Tr i s -HCI  buffer to give a pH 7.5. 
Because  of  the lower  buffer concen t ra t ion  the pH 
of  the medium changed  in these  expe r imen t s  af ter  
incubat ion for  15 rain to 7.1-7.2. The optimal pH 
for  mac rophages  lies within this range,  and that for  
mast cells, a l though close to it, is slightly lower.  
The pH,  de t e rmina ted  at room tempera tu re  (22°). 
is given here ,  cf.  Fig. The change  with t empera tu re  

was small both  for  imidazole and Tris buffer. The 
pH of the buffered solut ions  dec rea sed  at 3 7  on 
the average  0.12 unit for  Tris buffer and 0. l0 unit 
for  imidazole buffer.  

In order  to de te rmine  if the ATPase  on the cell 
sur face  was so lub i l i zed  in the medium dur ing  the 
incubat ion,  the cell suspens ions  were  incubated  as 
usual for  15 rain at 37 ° but without  ATP. The st, s- 
pens ion was then cooled to 0-4 + and the cells 
separa ted  f rom the superna tan t  by centr i fugat ion.  
ATPase  in the superna tan t  was de te rmined  there-  
af ter  as usual by incubat ion with ATP and the 
en zy me  activity exp re s sed  as percen tage  of the total 
act ivi ty in control  samples ,  which were  run through 
the same process  except  that the centr i fugat ion was 
omit ted.  Only a small amount  of e n z y m e  was found  
to be so/ubi l ized into the medium. Expressed as 
percentage of  cont ro l  values 7.5 + 1.32 per cent of  
the mast cell enzyme and 6.3 _+_ 0.94 per cent of  the 
macrophage enzyme (mean _+ S .E .M. )  were found 
in the medium in a series of  four  exper iments.  P, 
released f rom ATP was determined as a rout ine in 
the t r ich loracet ic  acid extract  of  the cell suspension. 
but in three contro l  exper iments  the cells were cen- 
tr i fuged at 0-4 ° af ter  incubat ion wi th ATP and the 
released P~ was determined thereaf ter  in the T e A -  
extract  of  the supernatant.  The amount  of  P+ re- 
covered f rom the supernatant obta ined f rom mast 
cells and macrophages accounted for  94 + 1.2 per 
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Fig. 2. Effect of pH of the medium on plasma membrane 
ATPase activity of mast cells and macrophages. The re- 
sults are shown as percentages of the respective wihJes at 
pH7.1. Mean+S.E.M.  from three experiments for pH 
5.6-7. I with 25 mM imidazole buffer and three experi- 
ments for pH 7.1-8.7 with 25 mM Tris buffer. Cone. of 
ATP 17 #M. Incubation time with ATP 5 rain. ATPase 
activities at pH 7.1 expressed as nmoles P, released/10 '~ 
cells in 5rain were for mast cells: 2.14_+0.53 with 
imidazole buffer, 2.86_+ 1.23 with Tris buffer+ and for 
macrophages: 27.58 + 5.62 with imidazole buffer+ 

25.58 + 2.58 with Tris buffer (mean + S.E.M.). 
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Fig. 3. Effect of EDTA on plasma membrane ATPase 
activity of mast cells and macrophages. The cells were 
incubated in Ca ~*. MgZ÷-free solution both for controls 
and samples with EDTA. Concentration of ATP 14 ,uM. 

Mean ± S.E.M. from three experiments. 

cent  and 97 ± 1.5 per cent  (mean +_ S .E .M. )  of the 
e n z y m e  act ivi t ies  of  the r e spec t ive  contro l  samples ,  
indicating the locat ion of  the ATPase  on the outer  
sur face  of  the cell membrane .  

Ion requirement. The usual incubat ion medium 
con ta ined  Na +. K +, Ca 2+ and Mg 2÷. W h e n  samples  
of  the same cell suspens ion  were  incuba ted  in the 
p re sence  and absence  of  Ca 2+ and Mg 2+ the e n z y m e  
activi t ies were  r educed  in a Ca 2÷. Mg2+-free solut ion 
both in mast  cells and macrophages  and could be 

Table I. Effect of Ca e÷ on the plasma membrane 

res tored  by supplying Cff '+, Mg ~+ or both.  The re- 
sidual act ivi ty in a Ca e+, Mg~+-free solution appears  
to be suppor t ed  by Ca ~+ and/or  Mg 2+ f rom the 
p lasma membrane ,  as this is fur ther  reduced  by 
e thy lened iamine te t raace t i c  acid (EDTA).  In the 
expe r imen t s  shown in Fig. 3 the incubat ion medium 
was f ree  f rom Ca e+ and Mg 2+. Addit ion of  EDTA,  
0.5 mM reduced  the average  e n z y m e  activit ies to 
10 and 11 per cent  of  the control  values for  the mast 
cells and the macrophages  respec t ive ly .  Although in 
p re sence  of  EDTA the e n z y m e  activity in both the 
types  of  cells was great ly reduced  it was not 
comple te ly  abol ished (cf. Tables  I-3). A small re- 
sidual act ivi ty remained  even  when ,  in some of the 
exper imen t s ,  the cells were  cont inuously  ex p o s ed  to 
EDTA f rom the time of  isolation of the cells for  a 
total period of  2-3 hr prior to incubat ion with ATP 
for  the de te rmina t ion  of  ATPase  activity.  

It is apparen t  f rom Tables  1 and 2 that C d *  or 
Mg z* caused  p r o n o u n c e d  st imulat ion of the e n z y m e  
activi ty in mast cells and macrophages .  Compared  
to the values in p re sence  of  EDTA the activity in 
the mast cells was increased  on the average  six and 
ten t imes in p r e s en ce  of  Ca"+ and Mg 2÷ respec t ive ly .  
The s t imulat ion of  ATPase  in the macrophages  by 
Ca 2. or Mg 2÷ was even  more  p ronounced ,  the aver- 
age increase  being 23 t imes with Ca e÷ and 33 t imes 
with Mg'-'+. The e n h a n c e m e n t  of  the en zy me  activity 
when  both Ca 2÷ and Mg 2~ were  added  toge ther  was 
of  the same order  of  magni tude  (Table 3). When  the 
ef fec ts  of Ca ~÷ and Mg 2+ were  c o m p a r e d  in samples  
of the same cell suspens ion  (Table 4), Mg ~ was 

ATPase activity of mast ceils and macrophages 

ATPase activity (nmoles P~ released per l0 n cells in 15 rain) 

Expt. 

Mast cells Macrophages 

Ca 2*, MgZ+-free sol. With 2.5 mM Ca e+ Ca ~*, Mg~*-free sol. With 2.5 mM Ca'-'* 

I 0.25 1.52 0.14 5.67 
2 0.23 I. 15 0.28 16.4/) 
3 0.04 0.63 0.47 11.04 
4 0.18 0.95 0.95 9.92 

P < 0.01 P < 0.025 
Mean 0.18 1.06 0.46 1(I.76 

P for paired data. Concentration of ATP 8 pM. EDTA 0.5 mM added to all samples. 

Table 2. Effect of Mg -'÷ on the plasma membrane ATPase activity of mast cells and macrophages 

ATPase activity (nmoles P, released per 10" cells in 15 minj 

Expt. 

Mast cells Macrophages 

Ca 2+. Mg~+-free sol. With 2.5 mM Mg :+ Ca 2+. Mg~-free sol. With 2.6 mM Mg ~* 

I 0.16 1.61 0.30 8.40 
2 0.12 3.64 0.33 7.07 
3 0.25 2.31 0.08 8.62 
4 0.39 1.47 0.30 8.80 

P<0.05 P < 0.001 
Mean 0.23 2.26 0.25 8.22 

P for paired data. Concentration of ATP 6/zM. EDTA 0.5 mM added to all samples. 
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Table 3. Effect of Ca ~* + Mg z+ on the plasma membrane ATPase activity of mast cells and macrophages 

ATPase activity (nmoles P, released per 10 '~ cells in 15 rain) 

Mast cells Macrophages 

With 2.5 mM C a  e* 

Expt. Ca ~*, Mg~*-free sol. + 2.5 mM Mg ~* 
With 2.5 mM Ca 2~ 

Ca e+, Mge'-free sol. + 2.5 mM Mg '-'+ 

I O. 14 1.25 0.38 10.83 
2 O. 13 0.96 O. 19 10.60 
3 0.08 1.21 0. I 1 3.42 
4 0.09 0.58 1.72 19.54 

P < 0.01 P < 0.05 
Mean O. I I I.(X) 0.60 11.09 

P for paired data. Concentration of ATP 6 aM. EDTA 0.5 mM added to all samples. 

found  to be on the average  31 and 37 per cent  more 
effect ive  in s t imulat ing the m e m b r a n e  ATPase  
act ivi t ies  of  the mast  cells and the mac rophages  
respec t ive ly .  

The effect  of  Na + and K ÷ on the plasma mem- 
brane  ATPases  of  mast  cells and macrophages  was 
s tudied by replacing NaCI and KC1 in the usual 
medium by lithium ch lo r ide .An  a t t empt  to exc lude  
monova len t  ca t ions  by using suc rose  had to be given 
up because  of  large s p o n t a n e o u s  h is tamine  release 
in a sucrose  med ium,  as also o b s e r v e d  by o ther  
worker s  [21,22].  The e n z y m e  activi ty in the Na +, 
K+-free solut ion conta in ing  Li ÷ was c o m p a r e d  with 
the activi t ies in solut ions  in which equimolar  par ts  
of  LiCI were  rep laced  by 90 mM NaC1 or 10 mM 
KCI. The e n z y m e  activi t ies e x p r e s s e d  as nmoles  P, 
re leased  per 10 ~ cells in 15 min in Ca) Na +, K~-free  
solut ion,  (b) with 90 mM Na + and (c) with 10 mM 
K + were  as fol lows:  for  mast  cells (a) 3.96 +_ 0.53, 
(b) 4.03 +_ 0.37, (c) 3.49 +_ 0.32 and for  mac rophages  
(a) 19.45+_0.93, (b) 2 0 . 0 5 ± 0 . 7 5 ,  (c) 19.40+_ 1.15 
tmean +_ S .E .M.  f rom three  exper iments ) .  There  
was thus no apprec iable  influence of  Na  + and K 
ions on the mast cell and mac rophage  memb ran e  
ATPases .  

Effect  of  phosphat idyl  serine. Phosphat idyl  ser ine 
has been  shown  to e n h a n c e  h is tamine  re lease  f rom 
rat mast  cells,  and it has been  specu la ted  that an 
ATPase  may be involved in the enhanc ing  p rocess  
[23, 24]. The effect  of phospha t idy l  ser ine on the 

plasma m e m b r a n e  ATPases  of mast cells and macro-  
phages  was the re fore  studied.  A st imulat ion of  the 
mast cell en zy me  by phosphat idyl  ser ine (50 ug/ml) 
was seen in the absence  of Ca 2+ and Mg e÷ but the 
results  varied widely.  Express ing  the ATPase  
activity with phosphat idyl  serine as a percen tage  of 
the control  in each exper imen t ,  the values with Ca e+ 
and Mg .'+ in the medium were  112 + 7.7 for  mast  
cells and 101 +_2.9 for  macrophages  (mean+_ 
S . E . M . ,  nine exper iments ) .  In the absence  of Ca 2÷ 
and Mg ~'+ the values were  141 + I 1.7 for  mast  cells 
and 102 +_ 6.3 for  macrophages  (mean +_ S . E . M . ,  
nine exper iments ) .  Lack of Ca .'+ has been shown  
to lead to loss of  phosphol ip ids  in the Ca .'+ trans- 
port ing ATPase  of sa rcoplasmic  reticulum1251. It 
was  the re fo re  thought  that  the effect  of phosphat idyl  
ser ine on mast  cell ATPase  might be shown bet ter  
in the ab s en ce  of calcium. There  was indeed on the 
average 41 per cent  s t imulat ion of  the mast  cell 
e n z y m e  in the absence  of Ca 2+ and Mg e+ (P for  
paired da ta  <0.025) but no significant effect  was 
seen in the p resence  of these  ions. The st imulat ion 
is mild and it is difficult to evaluate  if it may be an 
indirect  effect  of  phosphat idyl  serine or a direct  
s t imulant  effect  on the enzyme .  

Effect ofinhibitors.  The inhibitory effect  of  EDTA 
(0.5 raM) on plasma m e m b r a n e  ATPases  of mast  
cells and macrophages  has been shown above  to be 
due to chelat ion of Ca'-'* and Mg 2+. The effect  of four  
o ther  inhibitors of different  types  of ATPases  has 

Table 4. Comparison between the effects of Ca ~* and Mg ~ on the plasma membrane ATPase activity 
of mast cells and macrophages 

ATPase activity Inmoles P, released per 10" cells in 15 rain) 

Expt. 

Mast cells Macrophages 

With 2.5 mM Ca 2* With 2.5 mM Mg '-'÷ With 2.5 mM Ca ~" With 2.5 mM Mg ~" 

I 5.19 6.64 38.86 60.70 
2 4.01 4.88 57.99 69.32 
3 2.66 4.25 60.93 88.29 
4 3.01 3.79 45.61 61.27 

P < 0.025 P < 0.025 
Mean 3.72 4.89 50.85 69.90 

P for paired data. Concentration of ATP 17/~M. EDTA 0.5 mM added to all samples. 
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Table 5. Effect of inhibitors on the plasma membrane ATPase activity of mast cells and macrophages 

ATPase activity (nmoles P, released per I(P cells in 15 rain) 

Mast cells Macrophages 

Expt. Inhibitor Control With inhibitor Control With inhibitor 

I Ethacrynic acid, I mM 

3 ,. 

Mean (expts I-3) 

4 Ethacrynic acid, 5 mM 
5 ,, 
6, ,. 

Mean (expts 4-6) 

7 Sodium fluoride. 10 mM 
8 .. 
9 ,, 

10 ,, 

Mean (expts 7-10) 

.12 

.26 

.46 
P < 0.05 P>().I 

.28 

.12 

.26 

.46 
P<0.0I  P< 0.05 

28 

7.(17 
7.98 
7.36 
5.19 

P < 0.01 P > 0.050 
6.90 

(11.63 I1 .92 10.s2 

0.66 19.12 15.48 
(/.61 I 1.05 9.72 

(1.63 14.03 I I  ,98 

II I I  .92 ~.s~ 
0.13 19.12 5 .68  

0 I 1.05 3.59 

(1.04 14.03 4.27 

4 .97  17.17 16.76 

4 .79  23.75 22.35 

4 .98  23 .39  22.119 

~.71 25 .76  23.11 

4.61 22,52 21,08 

P for paired data. Concentration of ATP 8 t~M for expts I -6 and 17 ItM for expts 7-10. 

been studied.  Ouabain,  a wel l -known inhibitor of  
N ÷, K+-ATPase  and ol igomycin,  an inhibitor of  
mi tochondr ia l  ATPase  had no effect  on the plasma 
m e m b r a n e  ATPases  of  mast cells and macrophages  
even  in high concen t r a t i ons  ( I -9  mM for  ouabain 
and 1-10 ug/ml for  ol igomycin) .  The effect  of  two 
o ther  inhibitors of  ATPase  is shown  in Table 5. 
E thacrynic  acid caused  50 per  cent  inhibition of 
mast cell m e m b r a n e  ATPase  in I mM concen t ra t ion  
and practically comple t e  inhibition in 5 mM con-  
cent ra t ion .  E thacrynic  acid did not p roduce  any sig- 
nificant inhibit ion of the mac rophage  enzyme  at I 
mM concen t ra t ion  but 5 mM e thacrynic  acid caused  
70 per cent  inhibition. Sodium fluoride (10 mM/ 
caused  33 per cent  inhibition of  the mast  cell 
enzyme .  It had no apprec iable  effect  on the macro-  
phage enzyme .  

Mas t  cell m e m b r a n e  A TPase  act iv i ty  in relation 
to h i s tamine  release. An a t tempt  was  made to deter-  
mine if any change  in the mast  cell memb ran e  
ATPase  activity occurs  in relat ion to h is tamine  re- 
lease. The cells were  incubated  at 37 ° . At this tem- 
perature  h is tamine  release induced by dex t ran  
occurs  in 40 sec [26] and that by c o m p o u n d  48/80 
in l0 sec [27]. For  c o m p o u n d  48/80 the per iod of 
obse rva t ion  to de te rmine  the immedia te  effect  on 
ATPase  was increased  to 20 sec in order  to obtain 
more  reliable resul ts ,  while for  dex t ran  the obser -  
vation per iod was 40 sec,  i.e. the same as the t ime 
required for  h is tamine  release,  It may be seen  f rom 
Fig. 4 that there  was  no change  in mast  cell mem- 
brane ATPase  act ivi ty e i ther  during 20~,0 sec,  i.e. 
in relation to h is tamine  re lease  or for  15 rain af ter  
the exposu re  of  the cells to the re leasers .  

Any change  in mast  cell m e m b r a n e  ATPase  in 
relation to h is tamine  re lease  induced  by ATP was  
also s tudied.  The e n z y m e  activi ty was de t e rmined  
for  15 rain af ter  exposu re  of the cells to ATP. ATP- 
induced his tamine  release is a s lower  p rocess  taking 
5-15 min at 37 ° [28], at different  ATP and Ca 2+ con- 

cent ra t ions .  The time of  observa t ion  of ATPase  
activity ( 15 min) thus covers  the per iod of h is tamine 
release quite well. As Ca 2+ in higher concen t ra t ions  
and Mg 2+ ions have been shown  to inhibit ATP- 
induced  his tamine  re lease  [28], Mg 2+ was  omi t ted  
f rom the medium and two concen t r a t ions  of  Ca 2~ 
were  used,  viz. 0.25 mM for  h is tamine release and 
2.5 mM for  the inhibition of  the release.  As shown 
in Fig. 5, when  ATP was used in a concen t ra t ion  of 
25-35 ,uM it caused  11-19 per cent  h is tamine release 
in p re sence  of 0.25 mM Ca 2+ but the release was 
negligible when  Ca ~+ concen t ra t ion  was  increased  to 
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2s ~ 
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15 MIN 40 SEC 15 MIN 20 SEC 
DEXTRAN COMPD 48/80 

Fig. 4. Plasma membrane ATPase activity of mast cells in 
relation to histamine release induced by de xtran( 10 mg/ml) 
and compound 48/8012--4 #g]ml)at 37 °. The ATPase values 
for mast cells exposed to the releasers are shown as 
percentages ot the respective control values. The control 
values for ATPase in the absence of the releasers were 
1.75_+0.22, 0.14-+0.03 and 0.20-+0.06 (mean ± S.E.M.) 
nmoles P, released/106 cells in 15 rain, 40 and 20 sec re- 
spectively. Concentration of ATP 8 ,uM for 15 min and 
40 sec and 17/tM for 20 sec. Each point represents one 

experiment. 
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Fig. 5. Plasma membrane ATPase activity of mast cells in 
relation to histamine release induced by 25-35 pM ATP 
and corresponding control experiments with 4-8/~M ATP. 
The ATPase values for mast cells exposed to ATP with 
2.5 mM Ca ~+ are shown as percentages of the corres- 
ponding ATPase values with 0.25 mM Ca z+. Mg z÷ was 
omitted from the medium. Expressed as nmoles P, 
released/10" cells in 15 min. the ATPase activities in 
presence of 0.25 mM Ca '~* with 25-35/zM and 4-8 #M ATP 
were 4.79 _+ 0.54 and 0.91 -+ 0.32 (mean _+ S.E.M.) respec- 

tively. Each point represents one experiment. 

2.5 raM. The  h i s t amine  re lease  wi th  A T P  in pres-  
ence  of  the  lower  ca lc ium c o n c e n t r a t i o n  was  not  
a s soc i a t ed  with any  s t imula t ion  of  A T P a s e  act iv i ty .  
W h e n  the  ca l c ium c o n c e n t r a t i o n  was  inc reased  to 
2.5 mM the A T P a s e  ac t iv i ty  was on  the  ave rage  38 
per  cen t  h igher  p r o b a b l y  due  to the  h igher  c o n c e n -  
t ra t ion  of  ca lc ium.  W h e n  the  c o n c e n t r a t i o n  of A T P  
was  r educed  to 4 -8  #M,  h i s t amine  re lease  was neg- 
ligible bo th  at 0.25 mM and  2.5 mM Ca  2÷ concen -  
t ra t ions .  The  c h a n g e  in the  A T P a s e  ac t iv i ty  with  the  
h igher  Ca  2+ c o n c e n t r a t i o n  was  h o w e v e r  in the  same  
d i rec t ion  as wi th  25-35 /~M ATP.  The  likely con-  
c lus ion  would  be  tha t  h i s t a m i n e  re lease  i nduced  by 
A T P  is not  a s soc i a t ed  wi th  an  apprec i ab le  change  
in the  mas t  cell m e m b r a n e  A T P a s e  act iv i ty .  This  
c o n c l u s i o n  a p p e a r s  a lso to be  b o r n e  out  by exper i -  
m e n t s  wi th  o l igomycin .  We  h a v e  r epo r t ed  a b o v e  
that  o l igomycin  in c o n c e n t r a t i o n s  1-10/zg/ml  had  no 
effect  on mas t  cell m e m b r a n e  A T Pas e .  In th ree  o the r  
e x p e r i m e n t s  o l igomycin  (2 #g/ml)  c a u s e d  60 per  
c en t  inh ib i t ion  of  h i s t amine  re lease  induced  by  A T P  
(50~o0/zM) but  the  A T P a s e  ac t iv i ty  of  the  mas t  cells 
was  u n c h a n g e d  in the  a b s e n c e  and  p re sence  of 
o l igomycin :  1.91 _+0.34 and  1.94_+ 0.26 (mean  + 
S . E . M . )  nmoles  P~ re leased /10  s cells  in 15 rain 
respec t ive ly .  

S ince  e t h a c r y n i c  acid and  f luoride inh ib i ted  the  
p l a sma  m e m b r a n e  A T P a s e  of  mas t  cells it was  of  
in te res t  to exp lo re  the i r  ef fec t  on  h i s t amine  re lease .  
Us ing  mixed  rat  pe r i tonea l  cells we h a v e  p rev ious ly  
s h o w n  that  e t h a c r y n i c  acid inhib i t s  d e x t r a n - i n d u c e d  
h i s t amine  re lease  and  its po t en t i a t i on  by p h o s p h a -  
t idyl ser ine  [24]. More  r ecen t ly ,  e t h a c r y n i c  acid has  
been  s h o w n  to inhib i t  h i s t amine  re lease  f r o m  h u m a n  
basoph i l s  i nduced  by  an t igen  cha l l enge  or i o n o p h o r e  
A23187 [29, 30]. T he  e x p e r i m e n t s  i l lus t ra ted  in Fig. 
6 wi th  pure  mas t  cells  show a p r o n o u n c e d  inh ib i to ry  
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Fig. 6. Inhibition of histamine release from mast ceils 
induced by compound 48/80, dextran and ATP with 
ethacrynic acid. Concentrations of the releasers: I /~g/ml 
compound 48/80, 10 mg/ml dextran and 80/zM ATP. 
Mean_+ S.E.M. from three experiments for each 

releaser. 

effect  of e t h a c r y n i c  acid on h i s t amine  re lease  in- 
duced  by dex t r an ,  c o m p o u n d  48/80 and  ATP.  Using  
l mM e thac ryn ic  acid h i s t amine  re lease  induced  
by c o m p o u n d  48/80 and  dex t r an  was f o u n d  to be 
pract ica l ly  comple t e ly  b locked .  The  same  concen -  
t ra t ion  of e t h a c r y n i c  acid caused  75 per  cent  
inhib i t ion  of  A T P - i n d u c e d  h i s t amine  re lease  
(P < 0.025). It has  been  s h o w n  that  the  inhibi t ion of 
c o m p o u n d  48/80- induced  h i s t amine  re lease  by 
b locking  the  ox ida t ive  pa thway  is largely ineffect ive  
in p r e s e n c e  of  g lucose  [31, 32], but  the  same  type  of  
inhib i t ion  of  h i s t amine  re lease  induced  by ATP  is 
unaf fec ted  by g lucose  [33]. It may be seen  in Fig. 
6 tha t  the  p r e s e n c e  of g lucose  did not  make  any  
signif icant  d i f fe rence  in the  inhib i t ion  of h i s t amine  
re lease  caused  by e thac ryn ic  acid.  H i s t amine  re- 
lease was,  on  the  o the r  hand ,  largely r e s to red  by 
g lucose  in cont ro l  samples  of  the  same  cell suspen-  
s ions,  used for  the e x p e r i m e n t s  with c o m p o u n d  
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Fig. 7. Inhibition of histamine release from mast cells 
induced by compound 48/80 (3 ,ug/ml) with sodium fluoride 
(10 mM). Mean _+_ S.E.M. from four experiments. 

P < 0.05. 
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48/80 and dextran,  when the release was inhibited 
by blocking the respiratory chain with ant imycin A. 
Ethacrynic  acid thus does  not appear  to have any 
additional inhibitory effect on the energy metabol-  
ism to account  for the inhibition of  his tamine 
release.  Fluoride i I 0 m M )  caused 37 per cent 
inhibition of  his tamine release induced by com- 
pound 48/80. as shown in Fig. 7. in two separate  
exper iments  the inhibition was s t ronger  (58-59 per 
cent),  and unaffected by the presence  of  glucose.  
Other  inhibitors of glycolysis  have  been previously 
shown to have no effect on compound  48/80-induced 
his tamine release in presence  of  oxygen[181. It is 
therefore  unlikely that the fluoride effect on hist- 
amine release is due to inhibition of  glycolysis .  

i ) l s c t ~ s s l o n  

The Cae+-Mg ~" act ivated ATPases  demons t ra ted  
in intact rat peri toneal  mast cells and macrophages  
may be cons idered  as ec to -ATPases ,  located on 
the outer  surface  of the plasma membrane .  
Sugiyama[34]  studied ATPase  in intact mast cells 
and found that the enzyme  was st imulated by Ca e+ 
and Mg z+. As pointed out by the author,  his results 
with mast cells cannot  be cons idered  specific for this 
type of cells due to the relat ively heavy  contami-  
nation with macrophages ,  which had several  t imes 
higher activity.  The d iscrepancy  be tween  his and 
our results with mast cells seems to s tem f rom 
contaminat ion  of Sugiyama ' s  mast cell preparat ions  
with macrophages .  His assert ion that the contami-  
nation with macrophages  was largely responsible  
for the ATP-spl i t t ing act ivi ty  of  the mast cells does  
not apply to our  preparat ions  in which the purity has 
been high and the enzyme  act ivi ty  cont r ibuted  by 
the few contaminat ing  macrophages  has been taken 
into account  in report ing the results for  pure (100 
per cent) mast cells. 

When  the present  article was in preparat ion we 
came  across  the work of  Coope r  and Stanwor th  [35] 
on the plasma membrane  ATPase  of  rat mast cells. 
Most of  their  work  is with homogena tes  of  mast 
cells. The observa t ions  on the effects  of  Ca ~+ and 
Mg e+ agree with ours. So does  their character iza t ion  
of the enzyme  as an ec to -ATPase .  H o w e v e r .  the pH 
optimal  for mast cell ATPase  is lower in our 
exper iments  with intact cells (6.7) than in theirs with 
cell homogena te  (7.8-8.6). Chelat ion of metal  ions 
by E D T A  in the homogena te  caused comple te  inhi- 
bition of mast cell ATPase  [351. In our preparat ion 
of  intact cells E D T A  usually caused 90 per cent  or 
more inhibition of the mast cell ATPase ,  but 
comple te  inhibition of the e n z y m e  was not ob- 
served even  "after prolonged exposure  to EDTA.  
Probably some Ca .-'+ and/or  Mg 2+ ions, which remain 
available to the enzyme  in the intact cell even  after  
incubation with EDTA,  would  account  for this dif- 
ference .  Cooper  and Stanwor th  have used mast cells 
which were  "'at least 95 per cent  pure" .  Consider ing 
the remarkably  higher act ivi ty of ATPase  in the 
macrophages ,  a substantial part of the repor ted  
e n z y m e  act ivi ty  would be cont r ibuted  by the macro-  
phages even  at this level of purity. H o w e v e r ,  many 
of  the observa t ions  agree with ours because  of  the 
general  similarity be tween  the plasma membrane  

ATPases  of  mast cells and macrophages .  But in 
addit ion to the high act ivi ty of  the macrophage 
membrane  ATPase ,  we have pointed out some of its 
o ther  differences f rom the mast cell enzyme ,  viz. 
t empera ture  and pH dependence  (Figs 1 and 2) and 
sensit ivi ty to some inhibitors (Table 5). 

We could not demons t ra te  any change in the mast 
cell membrane  ATPase  during or  af ter  histamine 
release induced by dext ran ,  compound  48/80 or 
adenosine  tr iphosphate.  Howeve r ,  this does  not rule 
out very transient  st imulation of  the enzyme  during 
or immediate ly  before  exocy tos i s  of  the mast cell 
granules.  We have therefore  sought ev idence  for the 
involvement  of  the plasma membrane  ATPase  in 
his tamine release by using inhibitors of  the enzyme.  
Ethacrynic  acid (I raM), which inhibited the 
enzyme ,  also inhibited his tamine release induced by 
dext ran ,  compound  48/80 and ATP in the same 
concent ra t ion .  His tamine  release may be inhibited 
by two types of inhibitors:  (a) those blocking the 
generat ion of  ATP and (b) those acting on the 
triggering mechan ism in the mast cell membrane .  
The  effect  of inhibitors of oxidat ive  energy meta-  
bolism is counte rac ted  by glucose through glycolyt ic  
ATP product ion.  Since the inhibitory effect  of 
e thacrynic  acid could not be counterac ted  by glu- 
cose  it may be regarded as an inhibitor of  type (b) 
acting on the cell membrane .  Conce ivab ly ,  the two 
effects  of  e thacrynic  acid, viz. the inhibition of 
his tamine release and the inhibition of plasma mem- 
brane ATPase  are related to each other ,  the enzyme  
inhibition being the cause of  the inhibition of hista- 
mine release.  Since Ca ~+ is required for histamine 
release[36] and the chelat ion of  Ca ~+ by E D T A  
causes  p ronounced  inact ivat ion of the e n z y m e - - t h e  
Ca 2+ effect  also points to the invo lvement  of the 
enzyme  in his tamine release.  Fur the rmore ,  sodium 
fluoride has been shown to inhibit the plasma 
membrane  ATPase  in mast  cell homogena te  [35] and 
intact mast  cells (Table 5). This  inhibition appears  
to corre la te  well with the fluoride inhibition of 
compound  48/80-induced his tamine release (Fig. 7). 
Recent ly  a corre la t ion has been shown be tween  the 
inhibitory effects  of  f lavones on his tamine release 
f rom rat mast cells and on Ca2+-ATPase of  sarco- 
plasmic ret iculum [37]. More work  is howeve r  re- 
quired to explore  the relation of  plasma membrane  
ATPase  in mast  cells to his tamine release.  ATP-  
induced his tamine release seems to be a special 
case.  Mg 2+, which act ivates  the enzyme ,  has an 
inhibitory effect  on his tamine release induced by 
ATP [28]. This may be ei ther  due to another  site of  
act ion of  Mg 2+ at a later stage in ATP- induced  
his tamine release or because  of a fundamenta l  
di f ference be tween  the release induced by ATP and 
o ther  se lect ive  releasers  like antigen,  dextran and 
compound  48/80. ATP- induced  his tamine release 
differs f rom histamine release induced by other  
se lec t ive  releasers  in having a s lower  time 
course  [28] taking minutes instead of seconds  and 
in being associa ted with p ronounced  changes in the 
plasma membrane  permeabi l i ty  [38, 39]. 

N a + - K  + independent ,  d ivalent  cat ion dependent  
ec to -ATPases  have been demons t ra ted  in several  
other  types  of  cells,  like Ehrl ich ascites ca rc inoma 
cells, H e L a  cells, and leukocytes  [40-43]. DePierre  
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and K a r n o v s k y ,  who  have  s tudied the e c t o - A T P a s e  
in po lym orphonuc l ea r  l eukocytes ,  could not assign 
any funct ional  role to the e n z y m e  [43]. Woodin  and 
Wienecke  [6] d e m o n s t r a t e d  a Ca2+-Mg 2÷ d e p e n d e n t  
ATPase  in the granules  of  po lymorphonuc l ea r  leuk- 
ocy tes  and p roposed  that  the granule ATPase  by 
hydro lyz ing  ATP in the p lasma m e m b r a n e  would 
p romote  the fus ion of  granule m e m b r a n e  with the 
cell membrane .  A similar model  for  m e m b r a n e  
fus ion react ion involving Ca ~÷, ATP and ATPase  
has also been  advanced  by Poste  and Allison I44]. 
Agren et al. [7] have recent ly  s tudied Mge+-Ca 2* 
ATPases  on the outer  sur face  of  human  peripheral  
l y m p h o c y t e s  and hematopo ie t i c  cell lines and found  
a corre la t ion be tween  high cell sur face  ATPase  
activity and cy tokines i s  probably  involving a 
mechano-chemica l  coupl ing process .  It is poss ib le  
that a similar mechan i sm is involved in the sec re to ry  
react ion f rom mast  cells. Actin f i laments a t t ached  
to the p lasma m e m b r a n e  have lately been  demon-  
s t ra ted  in mast  cells [45]. The possible  s equence  of 
even t s  in secre t ion  f rom the mast  cells may con- 
ceivably be init iated through a coupl ing be tween  
the Ca2+-Mg ~+ ATPase  and the contrac t i le  protein 
in the p lasma m e m b r a n e .  This could bring about  
the initial react ion of  exocy tos i s  by promot ing  
m e m b r a n e  m o v e m e n t  and invaginat ion caus ing the 
approx imat ion  of the plasma m e m b r a n e  to the 
perigranular  membrane .  
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