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Icvaluateshapefluctuationsinselfassemblyaggregatcbionanoclustersbyintroducingconceptsof
apcrturM,symmetry-aisotropy-Landcompactncss-CEachconcepthasphysicalmeaningandconcern

withsuchkinddegreeoftailfluctuation,shapefluctuation,parallelism,andclusterstability，respectively、
Althougllthcdynamicsofthoseparametcrsexhibitrandomprocesses，theyshowcoIrclationwitheach

otheLImainlydiscussthecorrelationorcouplingofIとＣａｎｄＩＬＳ・ThecouplingoffCcanexplainpossible
stableshapeofbioaggcgates,while,thecouplingofZLScanclassifythemintofOurclustermodes､In

addition,thecouplingofIとSshowsfilzzyclusterregionsassmoothtransitionsofthemodes,Atdifferent

conditionsuchassaltywateranddifferenttcmperature，theparametersconsistentlyshowthcshapc
flu1ctuationmodes・Interestingly）theregionsofshapefluctuationsmthesaltywatershowslightly
differentandapparentlyfO11owanuctuationline・Furthennore,thewiderfluctuationlincandjunlp
motionsparticipateinoccumngnon-GaussianphenomenafOrthcpurewateエFinally，wediscussmutual
clustcrdynamics・Unlikeindividualclustersthatlnai､lyshowrandomnuctuation,mutualclustersshow

certainpattemsindelayedtimcanalysissuchasmutualfluctuationsperiodicallyoccurfOrsamenumber
oflipids・Itindicatesthatancxistenccofsynchronizationpatternsoccurs．

ＳＵＭＭＡＲＹ

Inthisthesis,Imainlydiscussfiveissuesonselfassemblyaggregatebionanoclusters､Thefiveissueare

asfD11ows:developingmethodtomeasuredegreeoffluctuations,ｃlassifyingthenuctuationpattems，

identifyingsmoothtransitionsoftheshapes,identifyingsolventeffects,andinvestigatingsinlultaneously
fluctuationonmutualbionanoclusters・WeperfOnnseveralmoleculardynalnicssimulationsfOrPOPC

andPOPE1ipidsatvariousconditions、hfirstissue,weproposeatechniquctoanalyzethedynamics

basedontheconceptSofape血reH，symmetry-Sisotropy-Landcompactness-C・Eachparameterhas
physicalmeaningWefOundsomeinterestingphenomenainthedynamics,density，andcorrelationamong

thoseparameters、A1thoughthedyllamicsofthoseparametersexhibitralldomprocesses，theyhave
coIrelationwitheacllotherbThisanalysiscanalsoexplainthepossibleshapesinbiologicalsystemssuch
asmicelle,vesicleormembrane・Insecondissue,weclassifytheirregUlarshapesbyusmgthecouplingof

SLI(symmetryandisotropy).WefindfOurshapcnuctuationmodes:spherc-1ike,rod-1ikc,conc-1ike,and
monolayer-like・hthirdissue，weinvestigatesmoothtransitionsoftheshapesleadingtofilzzycluster

modes・TorevealthetransitionS，ｗeperfOnnfUzzyc-meansclustering・Wefindnotonlybetter

classificatiｏｎｏｆｍｉｃellarclustermodesandtheirtransitionregionsbutalsocandetenninemoreproper
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positiontodefineeacllmodeonfuzzyregionInfOrthissue，weinvestigatesolventcffCctsoneach
paraInetenFronlthercsults，addingsaltandincreasingtemperaturegenerallychangeeacllparameter
andcontributeonshapefluctuations，hterestingly，ｔｈｅｒｅgionsofshapefluctuationsintllesaltywater
showsligj1tlydifferentthaninthepurewaterbItapparentlyshowsthattheyfO11owafluctuationline・The
nuctuationlinelikelycontributesinoccurringnon-GaussiandistributionsfOrthepurewaterlnfifthissue，
thejumpmotionslikelycontributcontheexistenccoftransitionsinthenon-Gaussiandistributions、

Additionallylevennulnbersoflipidsshowmoresynlmetricthantheoddnulnbersoflipidsandthe
symmctrydistributionsareshiftathigllertemperature、FiDnlpowerspectradcnsityanalysis，each
individualclustershowsnearlyrandomfluctuation・Besideofindividualclusters，wealsoinvestigate
mutualclusters・Surprisingly，althoughindividualclustersfluctuaterandolnlyうmutualclustersshow
certaindirectioncorrelations・Moreover）theyshowcertainpatternsindelayedtimeanalysissuchas
mutualfluctuationsperiodicallyoccurfOrｓａｍｅｎｕｍｂｅｒｏｆｌｉｐｉｄｓ・Itindicatcsthatanexistenceof
synchronizationpatternsoccursinshapenuctuationsofthebionanoclusters．
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