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ABSTRACT

Adenosine triphosphate, the universal currency o f the cell is synthesized by the 

enzyme F]F0 ATP synthase present in the coupling membranes o f  mitochondria, 

chloroplasts and bacteria. According to the chemiosmotic theory, the transmembrane 

protonmotive force generated only by protons imparts the energy for the 

phosphorylation o f ADP. The requirement o f  anions in the process o f ATP synthesis 

was noticed by scientists, but no biological role has been attributed to their presence 

and requirement. The present study explored the functional significance o f anions in 

driving phosphorylation. The phosphorylation was performed in freshly isolated 

thylakoids from spinach by the technique o f ‘acid-base’ transition. The rate o f  

phosphorylation and the amount o f ATP produced were found to be a strong function 

o f the concentration o f succinic and hydrochloric acids. For both these anions, the 

rates and yields increased with decrease in the concentration o f  the anions. A number 

o f mono, di and tricarboxylic acid and other anions were tested. Chloride was 

suggested to be the physiological anion involved in photophosphorylation based on 

these studies. The increase in the time o f exposure o f thylakoids with acid stage time 

was found to cause tremendous increase in the rates and yields because the 

established concentration gradients o f anions and protons were o f  high magnitude. 

High magnitude concentration gradients led to greater number o f translocations o f 

anions and protons across the membrane in the vicinity o f F0 and hence stimulated the 

rates and yields, as these translocations imparted energy to Fi for ATP synthesis. As 

the phosphorylation time (base stage time) was increased, the substrates and the 

concentration gradients o f anions and protons depleted with successive increments



leading to the observed reduction in the rates. The yields till each interval increased 

with increment in the phosphorylation time. These results have been shown to be 

consistent with N ath’s torsional mechanism o f energy transduction and ATP 

synthesis. The increase in number of ATP synthase complexes led to the increase in 

the available channels for the passage of both the ions, hence causing significant 

stimulation in the rates and amount o f ATP produced. The blockage o f chloride 

channel with DIDS led to considerable reduction in the rate and yield obtained while 

performing the phosphorylation with hydrochloric acid. The addition o f DIDS to the 

BS solution also reduced the rate o f  phosphorylation and the amount o f ATP 

produced to a significant extent. This further strengthened the correlation between 

anion transport and the process o f  phosphorylation. DIDS-treated thylakoid 

membranes displayed reduced extent o f proton uptake as compared to untreated 

membranes. The results obtained have been shown to be readily explained by the 

torsional mechanism. In fact, the unifying framework of the torsional mechanism can 

be fruitfully used as a guide for further experimentation and research in bioenergetics.
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