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PROTOLYTIC REACTIONS AND THE FUNCTIONING OF F-AlPases

F-ATPases synthesize ATP driven by a protonmolive. in some cases by a
sodiummotive force. Thelr construction is bipartite with @ membrane Integral
chonnel portion and a peripheral catalytic portion, both consisting of more
fhan 20 polypeptides. These are remarkably conserved In terlary and quo-
tfemary but not in pimary structure. Exchange of subunits between remote.
organisms as E.cofl, Synechocysils sp FCC 6803 ond spinoch by pro-
1einchemical or genstical manipulotions has led to pariolly ar fully functional
chimeric enzymes. it s concelvable that they function gs elactrochemicol-fo-
mechanicakto-chemical, or proton-to-conformation-to-ATP transducers. The
exirame proton selectivily of the channel portion of the chioroplost enzyme
(H*/K+>100) shamply contrasts with the sodium depandence of P. modestum.
Thit abservation also points to a non-chemical, indirect action of protons (1-5),

We have attempted fo msolve partial reactions of the proton by application
of fiash spectrophotomsiry fo ihe chiofopiast enzyrne in the thylakoid mem-
brane. using both pH and voltage probes. A clus come from studies on a
proton sip in the absence of nucleolides. F-ATPases contoin a totol of six
nucleotide binding sites that can be grouped info two subsets, catalytic.and
non-catalyfic onaes, according fo their specifictlies .and affinities. increasing
the concentration of ADP the enzyme is transformed between three states
with different proton conductance: uncoupled (‘proton siip”) = closed =
coupled (ATP-synthesis). Proton slip Is inhblfed by the binding of ADP
(K=200nM. plus P to a first binding slie. Proton flow coupled to ATP-synthesis is
inffioted by the binding of another molecule of ADP (K=7uM, plus P)) io af
least onother site.. Akeady the first site balongs info the subset of potentially
cotalytic sites. We Interprete the above state fransition as o consequence of
on oltemnating site mechanism of cotalysis. A mechonicol model Is presented
which finks proton fiow fo the extrusion of spontaneously syniheszed and
bound ATP. This model explains ATP synthesis under mullisite and unisite con-
ditions as well as ATP hydrolysis driven proton pumping.

Under conditions of proton slip we have demonstrated tor the first ime that
the binding, the transmembrane fronsport, and the extrusion of protons can
be selectively aifected by nuciectidas and Inhibltors of the enzyme. Evidence
for  "prolon wel" construct (Mitchelly at the inlet and the outlet side of the
enzyme Is presentad @ 6.7,
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