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^mSraAC1":.The kinetics of Mn2+binding to threecooperativelyinteracting sites in chloroplastH+-ATPase
(CF,) weremeasuredby EPR followingrapidmixingof the enzymewith MnCI2 with a time resolution
el"8 ms. Mixing of the enzyme-boundMnz. with MgCI2 savea measureof the rate of exchange.The
datacouldbebestfitted to a kineticmodelassumingthreesequential,positivelycooperativebindingsites.
(I) in the latentCFt, the bindingto all threesiteshad a similar on-rateconstantsof (I.I :k 0.04) x 10'
M-' s-'. (2) Site segregationwasroundin thereleaseof ionswithoff-rate constantsof 0.69 -'-0.04 s-_ for
the first twoand 0.055• 0.003s" for thethird. (3) Additionof oneADP per CF, causeda decreasein
theofl'-ratcconstantsto0.31 =1:0.02and0.033-'-0.008s" for the first two andthethird sites,respectively.
(4) H_t activationof CF, iner=asedthe on-rateconstantto (4.2 • 0.92) x 104M" s" and theoff-rate
constantsof thefirst twoandthethirdsiteto 1.34-'-0.08 and0.164. 0.07s", respectively.($) Thecalculated
thermodynamicdissociationconstantsweresimilarto thosepreviouslyobtainedfrom equilibriumbinding
studies. Thesenndin_ werecorrelatedto the rate constantsobtainedfrom studiesof thecatalysisand
regulationof theH+-ATPase. Thedatasupportthesuggestionthat regulationinducessequentialprogress
of catalysisthroughthe threeactivesitesof the enzyme.
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ASSTaACT:.The interactions between ADP, Mg2*, and azide that result in the inhibition of the chloroplast
F, ATPase (CF,) have been explored further. The binding of the inhibitoryMg2+ with low/_ is shown
to occur only when_tightly bound ADP is present at a catalytic site. Either the tightly bound ADP forms
partof the Mg_-binding site or it inducesconformationalchanges creatingthe high-al_.'.ty site for "inhibitory
Mg2+.Kineticstudiesshow that CFt formstwo catalyticallyinactivecomplexeswithMS_. The first comp/ex
resultsfrom MS.-+bindins with a/_ forMS_ dis.qociationof about 10-IS _M, followedby a slow conversion
to a complex with a K_ of about 4/AM. The rate-limiting step of the CF, inactivationby MSa+ is theinitial
Mg2+binding. When medium ME2+ is chelated with EDTA, the two complexes dissociate with half-times
of about I and7 rain, respectively. Azide enhancmthe extent of M_+-de_'mim. t i,.ma_.tion by in_easi.ng
the affinity of the enzym_Dfor M_ 3-4 times and pruventsthe reactivation of Imtacomplexes ot t_rt wtm
ADP and Mga+. This results from deereasing the rate of MS2+release; neither the rate of M8a+ binding
to CFt nor the rate of isomerization of the first inactive complex to the more stable form is affcgted by
azide. This suggests that the tight-bindins site for the inhibitoryazid¢ rcquirmpriorbinding of both ADP
and Mg2..




