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The cytoplasm of all living cells contains more po-

tassium ions than sodium ions, as first noted by Archi-

bald Macallum [1]. In modern prokaryotic cells, the 

[K
+
]/[Na

+
] ratio > 1.0 is maintained by ion-tight cellu-

lar membranes and an arsenal of ion pumps. It is quite 

unlikely that the very first organisms could possess 

modern-type ion-tight membranes, not to mention a 

plethora of ion-pumping machines [2-5]. It is far more 

likely that the monovalent ion content of the cytoplasm 

of the first organisms was in equilibrium with the envi-

ronment [1,4,5]. Prevalence of K
+
 ions over Na

+
 ions is 

crucial for the activity of numerous key enzymes that 

are found in all free-living organisms, including those 

components of the translation system that even preced-

ed the Last Universal Cellular Ancestor (LUCA) [4,5]. 

These observations support the emergence of first or-

ganisms in K
+
-rich habitats, as originally suggested by 

Macallum [1].    

Different, albeit complementary, scenarios have 

been recently proposed for the primordial K
+
-rich envi-

ronments based on experimental data and theoretical 

considerations [4,6,7]. Specifically, building on the 

observation of [K
+
]/[Na

+
] > 1 at vapor-dominated 

zones of inland geothermal systems, we argued that the 

first cells could have emerged in the pools and puddles 

at the periphery of primordial anoxic geothermal fields, 

where the elementary composition of the condensed 

vapor would resemble the internal milieu of modern 

cells [4,7].  

To invade marine environments, while maintaining 

the cytoplasmic [K
+
]/[Na

+
] > 1, primordial organisms 

needed ion-tight membranes and means to extrude so-

dium ions. The foray into new, Na
+
-rich habitats was 

the likely driving force behind the evolution of ion-

tight membranes and diverse redox-, light-, chemo- or 

osmodependent sodium export pumps [2,3,5,8].   

One of such export pumps was the Na
+
-

translocating rotary ATPase, which, under the condi-

tions of high salinity of the primordial ocean, could 

change the direction of rotation and start to synthesize 

ATP at the expense of the transmembrane sodium po-

tential, thus launching the sodium-dependent mem-

brane bioenergetics [2,3,5,8].  

The transition to proton-dependent bioenergetics 

may have taken place independently in bacteria and 

archaea [2,3,8]. Proton-dependent bioenergetics ap-

pears to be particularly beneficial under oxidizing con-

ditions [8], so that its spreading should have followed 

the Great Oxygenation Event.   

Because of the current prevalence of proton-

dependent bioenergetics, the search for primordial so-

dium-dependent enzymes remains a challenge. Still, by 

combining comparative phylogenomic and structural 

analyses we could identify novel energy-converting, 

sodium-translocating enzymes [9,10] and could trace 

the emergence of the G-protein coupled receptors from 

Na
+
-translocating bacterial rhodopsins [11].   
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