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The active transport of eodlua ions through cell membranes requires 

the presence in these membranes of sites which are capable of tranalent 

binding of sodium ions, Since active transport haa been shown to be dependent 

on the availability of metabolic energy in the form of ATP (Hodgkin and Keynw 

1955, Caldwell and Keynes 1967) the binding of sodium IOM should also be 

dependent on ATP. Recently subcellular fractions of the micro8ome category 

have been described to contain an ATPane activity which is dependent on the 

presence of sodium iona (Skou 1957, 1960, Post et al, 1960, Jiirnefelt 1960; 

196la). This ATPase has been postulated to reflect a mechanlrm for active 

tranqort of mdlum ions. Support for thie view wag obtained from inhibitor 

atudiee, which indicated the involvement of an Intermediate In the ATPaae 

reaction (Jirnefelt 1961b), 

It hae now been possible to demonetrate that ricrosomee isolated from 

rat brain are capable of binding aodium iona in the presence of ATP, The 

propertlw of this binding indicate that sodium is bound to the intermediate 

formed in the ATPase reaction. 

Bxoeriment& Microeomee from rat brain were prepared as previouely 

described (Jiirnefelt 196lb). An amount of the alcroaomal euepenslon in 0.25 H 

aucroee equivalent to one rat brain (4 - 5 ngg Of mlcrosomal protein) was used 

in each experimental vesnl , which conslmted of a Spinco No. 40 tube. 'Ihe 

incubation mixture contained: MgCl, 4 nil, Trim-BCl buffer 20 I&, pH 7,5, 

trio-ATP 5 mM (when present) * 0.5 ml of the microsomal Iruepension and other 
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additionm as indicatad below In a total v01w of 0.9 II, At O-th6 0.1 ml 

of a 1 Y sodium chloride solution containiqg 22 NaCl was added. After a 

suitable leqth of incubation at 30°C, uaually 12 aoconda, 10 ml of a chilled 

non-radloectlve 1 Y NaCl solution buffered with 20 mM trfa-chloride, @I 7.5, 

was added rapidly. In the 0-tlma experiments the 22NaCl was addad together 

with this solution, The nicroaomea were centrifuged in the experimental tube6 

in the Spinco No, 40 rotor at 100000 g for 10 minutea, auapanded in 11 ml of 

the washinS solution and centrifuged again. Ihe pellet wea suspendad in 2 ml 

of distilled water and the radloactiiity was measured dlractly in the expari- 

mental tubr in a well type Scintillation counter. 

m, ExperImenta on the time course of l odiw Incorporation into 

the mlcroaoma showed that in the absence of A’IP the rate w66 slow and llnoar 

over the tested interval of one linute, In tha presence of Al& on the other 

hand, the incorporation rate wea very rapid during the first few l aconda after 

which time a saturation level was reached. It was therefore deolded to study 

the reaction during a 12-second Incubation, which permltted work in the rapid 

Initial phase aa well as reaasonebly good tidxtg, Some of the wre Interesting 

results have been compiled in fable 1, ATP producad a four to fivefold Increase 

22 Table 1, Incorporation of Na into rat brain microaomea. Ihe additiona to and 
oriaaiona fro6 the standard incubation rixture given in the text are as in- 
dicated. Incubation time 12 seconds, The iqcorporation shown is that occurring 
In exceaa of the O-time-value (1150 count&O min), 

Additiona (+I or omlaaiona (-1 Counta/lO win 

None 

- ATP 
2963 

834 

+ li+, SBU 
+ Ca** 1mM 

+ca*, 1mM+lc+* 5mu 

+ cc Ca . 5a 
+ PAD, 10-f 

+ PAD, 2xlo-% 

2744 

2375 
1725 

683 

3346 

3787 
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in the bindillg of sodium, A slight decrease in the binding was caused by 

potassium Ions in a 5 n&l concentration. This decrease was small, but consistent 

and was larger in other experiments, A marked inhibition of the incorporation 

was caused by Ca ++. A small, but clear Inhibition was obtained with 1 mM Ca*, 

and this Inhibition could be considerably Increased If potassium wae also 

present. Higher concentrations of calcium gave a complete InhIbitIon of the 

incorporation, Pyridine aldoxime dodecyl iodide (PAD) which is an Inhibitor of 

the mlcrosomal ATPase caused a marked increase in the sodium binding If used 

in concentrations causfng partial inhibitlon of the ATPase (Jiirnefelt 196l.b). 

Q&pussion. As a result of studies on the microsomal sodlurstlmulated 

ATPase, the formation of an intermediate in the reaction was postulated and a 

general mechanism for the reaction suggested, as depicted in fiaure l.(Jiirne- 

felt 196lb). Two separate reactions can lead to the formation of a phosphate 

Am Na 

Ca - 

p" 
2 

ATP 

,P-int.l&Pi 

PAD 

Figure 1, Proposed mechanism of microsomal ATPase with the binding of sodium 
to the intermediate. 

intermediate from which phosphate is released through a single reaction. 

Reaction (1) is dependent on sodium ions and Is inhibited by calcium, whereas 

reaction (2) does not have these properties, The release reaction (31 Is 

stimulated by potassium and inhibited by PAD, The data on the IncorPoration of 

sodium can be easily explained if it is assumed that sodium Is bound to the 

hypothetical Intermediate, Thus potassium, which stimulates the rate of the 

overall ATPaee by increasing the rate of reaction 3 would cause a more rapid 

release of the intermediate and therefore decrease its concentration. In an 

earlier communication (Jgrnefelt 1960b), the author has shown that potassium 

Is able to cause a fall in the total amount of sodium bound to brain microsomes. 
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This observation la In good agreement with the data on aodium binding 

presented here, The effect of potaaalum on the release reaction (3) become8 

even clearer cp the presence of amall concentrations of calcium as calcium is 

able to inblbit the formation of the Intermediate at the same time as its 

destruction la atlmulated by potaaaium, The atlmulatlng effect of PAD on the 

sodium incorporation can be a reeult of the inhibition of reaction (31, thus 

leading to the piling up of the intermediate, 

'lhe data on the binding of sodium to brain microaomea are thus compatible 

with the propertiea of the ATPaae, The reactiona involving the AlPaae and the 

eodium blndlng seem to atem from the eame phenomenon, The hypothesfa that this 

phenomenon represents the active transport of sodium ion8 acroaa cell membranea 

becomes very plausible if all the above and following data are considered, 

& the morphological evidence indicate8 that the microromal fraction atudled 

here contains membrane fragments (Ranwn and Toachi, 1959). & the properties 

of the ATPase with reepect to its aodfum and potaaaium requirements indicate 

a close similarity to the known propertiee of active transport of aodium In 

more Intact ayetame (Skou, 1957, 1900, Poet && 1960, Jiirnefelt lQ%Oa, lQ6la), 

& the AlPaae reaction Involves an intermediate (Jiirnefelt 196lb), and 2 thia 

lntermsdfate blncls~aodium Ions In the presence of ATQ, 

This aork haa been aupported by grants from the Swedish Medical Council 

and the Sfgrid Jusellua Foundation, 
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