Chapter 1

| ntroduction

In the lastfew years,theinterestfor theoreticalapproaches biologicalandbiochemicalsci-
encesncreased lot. This may be mainly dueto thefactthata tremendousamountof exper
imentalinformationexists on mary differentsystems A moregeneralunderstandings, how-
ever, oftenlacking. The useof powerful computersand new algorithmsallow to understand
and predicteffects of proteinmutationson for instanceassociatiorconstantsyeactionrates,
andstructuralparametersTheoreticainvestigationsannotonly helpexperimentalisto inter-
prettheir resultsandto designnew experiments.Jointefforts of theoreticaland experimental
researcltanprovide deepetnsightsin complex biochemicabprocesses.

Redoxprocessebelongto the simplestchemicalreactions.Neverthelesshey are of out-
standingimportancein biological systems.Electron-transfeprocessesre involvedin mary
bioenegeticreactiongrespirationphotosynthesigjitraterespiration)jn therepairof damaged
DNA, in thefixation of moleculamitrogen,in mary detoxificationprocessesandin alargeva-
riety of othermetabolicprocessesBecauseelectrontransferis involvedin mary biochemical
key-reactionsmucheffort is spentto understandhe detailedmechanisnof thesereactionsn
andbetweerproteins.This researctwill obviously increasehe fundamentalinderstandingf
biochemicalsystems.Moreover, researchon electrontransferin proteinshasalsoimpacton
medicalscienceg(Arkin et al., 1996;Hall et al., 1996;Dandliker et al., 1997),0n development
of molecularelectronicdevices (Kratzschmarl996; Astruc, 1997),on improvementof agri-
cultural technology(Duke, 1990), and on the usageof alternatve enegy sourcegBarber&
Andersson1995).

Themostprominentphysiologicalelectron-transfechainsarethereactionsnvolvedin ox-
idative phosphorylation(respirationchain) and photosynthesis.Both reactionchainsare in-
tensvely investigated.Recentlya large amountof structuralinformationof proteinsinvolved
in thesereactiondbecamevailablefrom X-ray crystallographyandfrom electronmicroscop.
This knowledgeincreasedhe interestof experimentalisiaswell asof theoreticiansn bioen-
emgetic research Oxidative phosphorylatiorand photosynthesismay be the first complex bio-
chemicakeactionsystem$oundto membranegor which adetailedknowvledgebasedn struc-
turalinformationbecomesvailable.

Electrontransferreactionswithin proteinsor tightly-boundproteincomplexesarewell stud-
ied. Much lessis known aboutthe electrontransferin proteincomplexesthatareonly loosely
bound. Structuralinformationsaboutsuch complees are hardto obtain. For a long time,
simulations(Northrup,1994)or kinetic fitting of the ionic strengthdependencef the second
orderelectrontransferratesto vanLeeuwen-Theoryvan Leeuwenet al., 1981;vanLeeuwen,
1983)or to the parallel-platemodel(Watkinset al., 1994)werethe only possibilitiesto relate
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structuraldatato experimentakresults.Therecentuseof para-anddiamagnetidNMR provides
more direct insightsin the structureand the structuraldynamicsof electron-transfeprotein
complexes(Ubbink & Bendall,1997;Ubbink et al., 1998). Investigationsn electron-transfer
proteincompleesrevealedthat mary of theseproteincomplexesshow a structuralreorienta-
tion thatis coupledto the electron-transfeprocess.The useof photoinducealectron-transfer
reactionss suitableto obtainmoredetailedinformationaboutthe dynamicsof thesecomplexes
(Kostic, 1991;Kostic, 1996).

During my PhDwork, | studiedthe dynamicof electron-transfeproteins,mainly of those
proteinsthatareinvolvedin photosyntheti@lectrontransfer In Chapter2 of my PhDthesis||
describesomebasicprinciplesof proteinassociatioranda simulationmethodthat!| developed
andappliedduringmy PhDwork. Furthermore| describea methodto comparesofunctional,
i. e.,physiologicallyequvalent,proteinsthathaze no commonstructurafeatures.This method
is basedon approachesisually usedin drug design(Hauswvald, 1998). It was usedfor the
first time to comparethe structureof isofunctionalproteinsduring my PhD work. In Chap-
ter 3, | describebriefly the Marcuselectron-transfetheory | alsogive a shortoutline of the
methodto searchfor electron-transfepaths(Onuchicet al., 1992). In Chapter4, | describe
themethodologyto calculateprotonatiorandoxidationprobabilitiesof proteinsthathave mary
titratableresiduesand redox-actve groups. Therel introducea newly-developedmethodto
include structuralvariability of proteinsin the calculationof titration curves. Furthermore)
describea methodto take into accountthe redox potentialandthe pH of the solutionin the
calculationof protonationand oxidation probabilitiesin proteins. In Chapter5, the electron
transferin photosyntheticeactionsaredescribed.This is the main part of the thesis. First, |
briefly summarizehebasicprincipleof photosynthesisThenl describehereactionsonwhich
| did calculationsduring my PhD work in more detail. Thesereactionsare the coupling of
electronand protontransferat the Qg-site of the bacterialphotosynthetiageactioncentey the
dockingand electron-transfereactionof plastoganin or cytochromecg with cytochromef,
theelectron-transfereactionof ferredoxinor flavodoxinwith ferredoxin-MDH reductaseFi-
nally, | summarizemy results.



