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Sodium-dependent uptake of calcium by crab nerve 

The influx of Ca 2+ in to  squid  axons  is dependen t  bo th  on the  Na  + conten t  of 
the  sea wa te r  and  also on the  Na  + concen t ra t ion  in the  axop lasm 1. These observa t ions  
have  been r epea ted  and  ex t ended  on nerves  ob t a ined  from the  l imbs  of the  sp ider  
c rab  Maia squinado. In  th is  p r epa ra t i on  the  nerves  are too smal l  to sample  the  axo-  
p lasm di rec t ly .  The measu remen t s  of Ca 2+ u p t a k e  were made  on whole nerve t runks  
and  p r e sumab ly  include con t r ibu t ions  from axons  and  Schwann cells. 

Af te r  dissect ion,  nerves  were kep t  for up to  2 h in ar t i f ic ia l  sea wa te r  (ASW) 
of compos i t ion  (in mM):  NaC1, 46o; KC1, IO; MgCI~, 55; CaC12, i i ;  N a H C Q ,  2.5. 
Nerves  were loaded  wi th  Na  + b y  t e t an i za t i on  at  3o impulses/sec for 5 min in K+-free 
sea water .  This  increased the  Na  + conten t  from abou t  25 mmoles /kg  nerve  to  abou t  
8o mmoles /kg  nerve.  Exposure  to tes t  so lu t ions  was made  in a shaking  wa te r  b a t h  
m a i n t a i n e d  at  16.5 °. As ouaba in  (IO -3 M) inh ib i t s  the  N a + - K  + p u m p  in crab nerve 2 
wi thou t  affect ing Ca ~+ up t ake  (see below), this  drug  was inc luded  in all  solut ions  in 
order  to  slow down the ra te  of loss of Na  + f rom the  cells. Even  in the  presence of 
ouabain ,  the  Na  + conten t  fell b y  abou t  25 % dur ing  a 7-min exposure  to  Li+-ASW. 
Ca 2+ up t ake  was followed b y  flame p h o t o m e t r y  and  b y  use of 45Ca. In bo th  measure-  
men t s  g rea t  care was t aken  before analys is  to  wash the  nerves  free of ex t race l lu la r  
Ca 2+. Fo r  flame pho tome t ry ,  nerves  were washed for IO min  a t  o ° in 3 changes of 
Ca2+-free c h o l i n e - A S W  followed b y  2 washes in buffered isotonic  choline and  for t r ace r  
up t ake  the  nerves  were g iven  five 2-min washes in K+-free sea wa te r  a t  o °. Af te r  
being washed,  the  nerves  were b lo t t ed  on fi l ter paper  and  the i r  middle  por t ions  t aken  
for analysis .  

The Ca 2+ con ten t  of nerves  immersed  in N a +-A SW averaged  I . O I  ~Z O. I8 

Abbreviat ion:  ASW, artificial sea water.  
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mmoles/kg nerve. Dur ing  Na + loading there was no significant increase in Ca 2+ 
content .  However, the Ca 2+ content  of these Na+-loaded nerves doubled in IO min  
after t ransfer  to sea waters in which the NaC1 had been replaced isosmotically by  
LiC1, choline chloride or dextrose. This increase was unaffected by  inclusion of IO -3 M 
ouabain  in the medium. A net  gain of Ca 2+ must  result from either an increased 
influx or a decreased efflux or a mix ture  of these two factors. Satisfactory measure- 
ments  of efflux have not  proved possible with crab nerve;  however, measurements  
of Ca 2+ influx have been made. In  Na+-loaded nerves, the influx from K+-free sea 
waters based on Li +, choline or dextrose was 3-8 t imes higher than  tha t  from Na + 
ASW. This suggests tha t  much of the net  gain in Ca z+ results from an increased 
Ca 2+ influx. 

The shapes of the curves re la t ing net  and  tracer uptake  of Ca 2+ to the external  
Na + concentra t ion  are shown in Fig. Ia. The increase in uptake occurs main ly  between 
23o and  2.5 mM Na +. Fig. Ib  shows the Ca 2+ influx at different external  Ca 2+ concen- 
trat ions.  At the four Na + concentra t ions  examined,  the curves relat ing Ca 2+ influx 
to external  Ca ̀ ,+ concentra t ion  approximate  to sections of rectangular  hyperbolae. 
Progressive replacement  of Na~ by  Li + increases the affinity of the uptake  process 
for Ca e+. Similar sets of curves have not  been de termined for mixtures  of Na~ and 
choline or Na + and  dextrose, bu t  in isotonic dextrose and choline the shapes of the 
curves relat ing Ca 2+ influx to external  Ca 2+ concentra t ion are similar to those obtained 
in Li+. 
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Fig .  I a .  C a  2+ c o n t e n t  ( O )  ( m m o l e s / k g  n e r v e  a f t e r  IO m i n )  a n d  Ca 2+ i n f l u x  ( O )  ( m m o l e s / k g  n e r v e  
( l u r i n g  a 7 - r a i n  e x p o s u r e  t o  45Ca) as  a f u n c t i o n  o f  t h e  e x t e r n a l  N a  + c o n c e n t r a t i o n  (nlM). N a + - A S W  
w a s  r e p l a c e d  i s o s m o t i c a l l y  b y  Li+-ASXV. T h e  C a  2+ c o n t e n t  a n d  C a  2+ i n f l u x  w e r e  o b t a i n e d  o n  
d i f f e r e n t  c r a b s .  E a c h  p o i n t  is t h e  m e a n  of  3 d e t e r m i n a t i o n s .  A n  e s s e n t i a l l y  s i m i l a r  c u r v e  w a s  
o b t a i n e d  w h e n  N a + - A S W  w a s  r e p l a c e d  b y  d e x t r o s e - A S \ ¥ .  

F i g .  l b .  C a  2+ i n f l u x  ( m m o l e s / k g  n e r v e  d u r i n g  a 7 - r a i n  e x p o s u r e  t o  45Ca) as  a f u n c t i o n  of  t h e  
e x t e r n a l  C a  ~+ c o n c e n t r a t i o n  (mM).  T h e  s o l u t i o n s  ~ e r e  Mg2+- f r ee  a n d  N a  + w a s  r e p l a c e d  i s o s m o t i -  
c a l l y  b y  L i  +. E a c h  p o i n t  is t h e  m e a n  of  a t  l e a s t  3 s e p a r a t e  d e t e r m i n a t i o n s .  T h e  c u r v e s  m F i g s .  
I a  a n d  I b  h a v e  b e e n  c a l c u l a t e d  as  d e s c r i b e d  in  t h e  t e x t .  

Biochim. Biophys. Acta, 15 ° (1968) 1 6 7 - 1 7 o  



PRELIMINARY NOTES 16 9 

The influence of Mg ~+ has been examined in a few experiments  in Li+-ASW. 
At low, but  not  high Ca 2+ concentrat ions,  isosmotic replacement of Mg ~+ by  Li + in- 
creased the Ca ~+ influx. These results suggest tha t  external  Mg 2+, like external  Na +, 
can displace Ca 2+ from the sites which facilitate Ca z+ uptake. The da ta  are consistent 
with a substrate constant  of 2-3 mM for Ca 2+ and an inhibi tor  constant  of 20--30 mM 
for Mg 2+. I t  is not  known whether  the Ca 2+ uptake  process can also t ranspor t  Mg 2+. 

In  frog cardiac muscle there is evidence tha t  the uptake of I Ca 2+ ion is inhibited 
compet i t ively  by  2 Na + ions z,4. If  the Ca 2+ influx into crab nerve is governed in a 
similar w a y - - w i t h  each Na + ion act ing independent ly  of the o t h e r - - a n d  assuming 
tha t  Mg 2+ also inhibits competi t ively,  it can be shown tha t  the rate of Ca ~+ uptake (v) 
should be given by :  

v 
V = I + Kca[Mg2+] + Kca ( [Na+]] ~ 

KMg[Ca 2+] [ C ~  I + ~-Na/ 

where K1;a is related by  the Langmuir  principlO to the true inhibitor  constants  K~ 
and K ' for the combinat ion  of the first and second Na + ions by  the relation KI~a 
½ K (  = 2 K i .  The curves in Figs. I a  and Ib  have been calculated from this equation 

with V = 1.8; Kca = 2 mM; KM~ = 20 mM and KNa = 75 raM. While the curves 
roughly  fit the experimental  points, the fit is not  adequate  to exclude other possi- 
bilities. I t  might  be improved if Ca 2+ uptake  is governed by  a higher power of the 
external Na + concentrat ion.  

In  order to examine the effects of vary ing  the internal  Na + concentrat ion,  nerves 
were tetanized for 5 min at 30 impulses/sec either in Ca2+-free L i t -ASW or in Caat-free 
Nat -ASW.  Lowering the internal  Na + content  by  te tanizat ion in Li+ had no effect 
on the Ca 2t uptake  from Na+-ASW; but  markedly  reduced tha t  from sea waters 
based on Li t ,  choline or dextrose (Table I). Both  the net  and tracer uptakes  were 
reduced to the same level as tha t  from Na+-ASW. Nerves tetanized in Ca~t-free Na t -  
ASW behaved normally.  There was no evidence for an inhibi tory action of internal 
Li+ as essentially similar results were obtained both when unst imulated nerves were 
used and when nerves were depleted of Na t by  soaking in Ca2t-free choline for 30 rain. 

With  Na+-loaded nerves, the Ca 2t influx from N a t - A S W  was unaffected by  pH 
(6.0-8.5) and by  temperature  (o-16°), whereas the extra influx from L i t -ASW tripled 
with both  a rise in pH from 6.0 to 8.5 and an increase in temperature  from o ° to 16 °. 

T A B L E  I 

E F F E C T  OF C H A N G I N G  T H E  I N T E R N A L  N a  + C O N C E N T R A T I O N  ON T H E  C a  2+ I N F L U X  F R O M  L i + - A S W  

Ca 2+ u p t a k e  (mmoles /kg  nerve  du r ing  a 7-rain exposure  to 45Ca) is expressed  as mean  ~ S.E. of 
the  mean.  Two crabs  were used and  the  n u m b e r  of nerves  exposed  to  each t r e a t m e n t  is g iven 
in parentheses .  

Pretreatment qf nerve Ca 2+ uplake 

l I n s t i m u l a t e d  
S t i m u l a t e d  in  CaZ+-free Na+-ASV¢ 
S t i m u l a t e d  in Ca~+-free I , i+-ASW 
Soaked for 30 rain in CaZ~-free c h o l i n e - A S ~  r 
Soaked  for 3 ° rain in Ca2+-free chol ine-AS\V 

and  then  s t i m u l a t e d  in  CaZ+-free Na ~-ASXV 

°.352 ~ o-o3o (3) 
o.796 -- o.o96 (7) 
o.192 4 o.o33 (3) 
o.213 -4- o.o31 (3) 

0.834 r 0.053 (3) 
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The complete unresponsiveness of the Ca 2+ influx from Na+-ASW to a wide variety 
of conditions suggests that  much of it might represent some kind of non-specific 
adsorption which is not easily reversed. While some of the uptake from Na+-free 
solutions might reflect a similar phenomenon, that part which is dependent on internal 
Na + seems to represent a rather specific uptake process. There is a striking similarity 
both qualitatively and quantitatively between the properties of the Ca ~+ influx into 
crab nerve and the properties of the Ca2+-dependent Na + efflux recently described 
in squid axons °. There is no evidence in crab nerve that Ca 2+ uptake is necessarily 
associated with a net loss of Na +. 

Perhaps the most interesting feature of this work is that it provides further 
evidence to show that Ca 2+ uptake by nerve is very dependent on the Na + concen- 
tration inside the cells. If a similar mechanism exists in other cells, marked changes 
in the level of free intracellular Ca 2+ might result from quite small changes in internal 
Na +. These changes in Ca e+ might, in turn, exert very powerful effects on metabolism. 
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