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ABSTRACT

The article presents a review of modeling the interaction of photosynthetic proteins using the
multiparticleBrowniandynamicsmethoddevelopedattheDepartmentofBiophysics,Biological
Faculty,LomonosovMoscowStateUniversity.TheauthorsusedmultiparticleBrownianmethods
coupled to molecular dynamic simulations to reveal the role of electrostatic interactions and
conformationalchangesinthetransferofanelectronfromthecytochromecomplextothemolecule
ofthemobilecarrierplastocyanininplants,greenalgae,andcianobacteria.Takingintoaccountthe
interiorofphotosyntheticmembrane,theydevelopedthemodel,combiningeventsofproteindiffusion
alongthethylakoidmembrane,electrostaticinteractionsbetweenproteinsandtheproteinswiththe
membranecharges,formationofamultiproteincomplex,electrontransferwithinacomplex,and
complexdissociation.Theyhavealsodevelopedmultiparticlemodelsofcompetitiveinteractions
betweenelectronacceptorsferredoxin.

KEywoRDS
Brownian Dynamics, Carrier, Mobile, Multiparticle Model, Photosynthetic Electron, Protein, Transfer Involving

INTRoDUCTIoN

Photosyntheticelectrontransportformsthebasisoflightenergyconversionintoenergyofchemical
bindsinside,ATPandNADPH,moleculesusedformetabolicneeds,firstofall,forCO2assimilation
inthechloroplastofleavesandalgae.Methodsofmathematicalandcomputermodelingsignificantly
contributetotheresearchofthemechanismsunderlyingthedifferentstepsofphotosyntheticelectron
flowtoenrichtheknowledgeofthephysicalandchemicalbasisofenergytransduction.

Traditionalkineticmodels,describingtheelectrontransportchainusetheapparatusofordinary
differential equations based on master equations and the mass action law (see special issue of
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“PhotosynthesisandRespiration”Series:«PhotosynthesisinSilico»,2009;and(Stiurbetetal.,2014;
Belyaevaetal.,2016;Rubin&Riznichenko2014).However, thestructureof thephotosynthetic
membrane(Figure1)showsthatinareaswhereelectrontransportiscarriedoutbymobilecarriers
theirinteractionwithmulti-enzymecomplexesdoesnotcomplywiththeconceptsoffreediffusionand
randomcollisions.Inanarrowluminalspace,theplastocyanin(Pc)molecules,whosedimensionsare
comparabletothewidthoftheluminalspace,can’tmovefreely(Haehneletal.,1989).Thesameis
trueforthemoleculesoftheproteinferredoxin(Fd)-mobilecarrierinstromalspace,whichtransports
theelectronsfromPSIacceptorsidetoFNRandtakespartincyclicelectrontransferaroundPSI.

Tosimulatetheinteractionsofmobileelectroncarrierswithmulti-enzymecomplexesinthe
photosynthetic membrane the method of “direct multiparticle modeling” was developed at the
Department of Biophysics of the Biological Faculty together with the Department of Computer
MethodsinPhysicsofthePhysicsFacultyofLomonosovMoscowStateUniversity.Themainidea
ofthisapproachandtheresultsobtainedarepresentedinthepapers(Kovalenkoetal.,2006,2010,
2011a,2011b,2016,2017;Riznichenkoetal.,2010;Knyazevaetal.,2010;,Ustininetal.,2013;
Khrushchevetal.,2013,2015a,2015b;Dyakonovaetal.,2016a,2016b;Fedorovetal.,2019)and
inthebookMathematicalBiophysics(Rubin&Riznichenko,2014).

Themethoddescribesthemovementsofindividualmacromolecules-mobileelectroncarriers
andtheirinteractionwitheachotherandwithpigment-proteincomplexesembeddedinphotosynthetic
membrane.Three-dimensionalmodelsoftheproteinmoleculeswereconstructedbasedonthedata
fromtheProteinDataBank.

Forthecomparisonwithexperimentaldata,suchastheabsorptionspectrumofcellcultures,
itisnecessarytoconsiderensemblesofindividualmacromolecules.Moleculesofelectroncarrier
proteinsperformBrownianmotioninamediumandelectrostaticallyinteractwitheachotherand
withthesurfaceofaphotosyntheticmembrane.Tosimulatetranslationalandrotationalmotionof
moleculesundertheinfluenceofrandomandelectrostaticforcesinaviscousmediumtheLangevin
equationswereusedasdescribedin(Kovalenkoetal.2006).Todeterminetheelectrostaticpotential
gridaroundeachmoleculePoisson–Boltzmanncalculations(Ullmann&Knapp1999)wereusedas
describedin(Knyazevaetal.2010).ForsimulationofmultiparticleBrownianDynamics(BD)we
haveusedoriginalsoftwareProKSim(Khruschevetal.,2013).Theprogramisavailablebyrequest;
foritsparameterinputfilealsoseeSupportingInformation(Kovalenkoetal.,2017).

Figure 1. Multienzyme complexes in photosynthetic membrane. The arrows show the paths of electron transfer. (Jon Nield, http://
photosynthesis.sbcs.qmul.ac.uk/nield/downloads.html)
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