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ABSTRACT 

The synthesis of ATP by the central enzyme FI F0-ATP synthase in the energy-

transducing membranes of animal mitochondria, plant chloroplasts and bacteria is a most 

fundamental process in the biological world. A lot of information has been accumulated 

on this fundamental process during more than 50 years of research; yet true mechanistic 

insights are still lacking and the details of the molecular mechanism of ATP synthesis are 

still unanswered. In this work, comprehensive biochemical and biophysical studies have 

been carried out to elucidate the molecular mechanism of ATP synthesis in the Fo  portion 

of the ATP synthase in the model system of chloroplast thylakoids from spinach. A novel 

role for anions in making ATP has been discovered. Our experimental evidence in favor 

of this novel scenario is discussed. In particular, new biochemical data has been reported 

on the inhibition of ATP synthesis at nanomolar concentrations by the potent. specific 

anion channel blockers 4,4'-diisothiocyanostilbene-2, 2"-disulphonic acid (DIDS) and 

tributyltin chloride (IBM). Based on these inhibition studies, attention has been drawn 

to anion translocation (in addition to proton translocation) as a requirement for ATP 

synthesis. The type of inhibition has been quantified and an overall kinetic scheme for 

mixed inhibition that explains the data has been evolved. The inhibitors are also tested for 

specificity of the access channels in F0 for different anions. The experimental data and 

the type of inhibition found have been interpreted in the light of the torsional mechanism 

of energy transduction and ATP synthesis (Nath, 2002; Nath, 2003; Nath, 2004). which 

postulates a role for both protons and membrane-permeable anions. This detailed and 

unified mechanism resolves long-standing problems and inconsistencies in the prevalent 

chemiosmotic theory, makes several novel predictions that are experimentally verifiable, 



and provides us with a new and fruitful paradigm in bioenergetics. Methods to estimate 

both Apl I and A'I' components by the amino probe 9-aminoacridine and the quinolinium 

probe Oxonol-VI have been presented. Further, to attempt validation of these results, 

biophysical studies with the help of fluorophores, in particular, time-resolved 

fluorescence changes during the entire acid-base transition process of making ATP have 

been measured and led to important findings. The interpretation of these results inferred a 

biphasic distribution of absorbance change of 9-AA in thylakoids. These findings were 

interpreted based on the assumption that the neutral and cationic forms of the probe 

partitioned between the bulk solution and the membrane domain. The mechanistic details 

of the oxonol-VI probe partitioning in the membrane and further its response indicated a 

coupled transport of anion and proton through the F0  portion of ATP synthase. In this 

work, a Apl l of 1.4 units across the membrane and a Ay of 85 mV per ion-binding site 

were measured durina, physiological ATP synthesis. Finally, ion transport phenomena 

based on real time bio-imaging of our thylakoid model system by fluorescence 

microscopy has been recorded. It has been shown that mechanistic interpretation of the 

experimental data requires substantial addition to available conceptual foundations such 

that present concepts, theories, and mechanisms must he revised. Indeed, it is even 

possible to make predictions of mechanistic details of ATP synthesis in the Fo  portion of 

ATP synthase, and to offer detailed microscopic explanations of such data in the light of 

the torsional mechanism, which is certainly a very satisfying outcome in bioeneraetics, 

membrane biology, biochemistry and biophysics. 'Hts, the torsional mechanism appears 

to be a useful theory/framework for guiding future experimentation and logical thought in 

the field. 
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