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Abstract:

Cellularmembranealterationsarecommonlyobservedinmany

diseases,includingAlzheimer'sdisease(AD).Membrane

biophysicalproperties,suchasmembranemolecularorder,

membranefluidity,organizationoflipidrafts,andadhesion

betweenmembraneandcytoskeleton,playanimportantrolein

variouscellularactivitiesandfunctions.Whilemembrane

biophysicsimpactsabroadrangeofcellularpathways,thisreview

addressestheroleofmembranebiophysicsinamyloid-βpeptide

aggregation,Aβ-inducedoxidativepathways,amyloidprecursor

proteinprocessing,andcerebralendothelialfunctionsinAD.

Understandingthemechanism(s)underlyingtheeffectsofcell

membranepropertiesoncellularprocessesshouldshedlighton

thedevelopmentofnewpreventiveandtherapeuticstrategiesfor

thisdevastatingdisease.
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Introduction:

Alzheimer'sdiseaseisaneurodegenerativedisorderthat.isthe

mostcommoncauseofcognitivedeclineintheelderly.Itis

characterizedbymemoryloss,impairedreasoning,anddifficulty

performingdailytaskseffectively.Overtime,thesymptoms

worsen,leadingtoalossofabilitytocommunicateandinteract

withthesurroundingenvironment.ThenameAlzheimer's

originatesfrom theAustrianphysicianAloisAlzheimer,whofirst

describedtheconditionin1906.Sincethen,Alzheimer'shas

becomeoneofthemostwidespreadandimpactfuldiseasesin

globalsocieties,duetotheongoingincreaseinaveragelife

expectancyandthegrowingnumberofpeopleaffectedbythis

disease.Alzheimer'sdiseasedescribesstructuralandfunctional

changesthatresultinthedestructionofbraincells,leadingtothe

formationofaccumulationsofbeta-amyloidproteininsidethe

brain.Theseaccumulationsarebelievedtocausenervedamage

andfunctionalaspectsofcellularmembranesandtheimpactof

changeswithinthem ontheformationandspreadofproteins.

Objective:

Ourstudypruposesarefindouteffectofbiologicalmembraneon

progressAlzheimer'sdiseaseandmethodsoftreatmentalsoto

findouttheeffectsofAlzheimer'sdiseaseonthehumanbody

MethodandMaterial:

Wasnon-interventional,Descriptive,Probable,Simplerandom,Report

study.donebyreveiwedonlinearticlesfrom differentwebsites.

Result:

TheroleofcurrentresearchandStudyptoticcelldeathin

disease-CurrentunderstandingoftheNCCD2023.

Apoptosisisaform ofregulatedcelldeath(RCD)thatinvolves



proteasesofthecaspasefamily.Pharmacologicalandgenetic

strategiesthatexperimentallyinhibitordelayapoptosisin

mammaliansystemshaveelucidatedthekeycontributionofthis

processnotonlyto(post-)embryonicdevelopmentandadulttissue

homeostasis,butalsototheetiologyofmultiplehumandisorders.

Consistentwiththisnotion,whiledefectsinthemolecular

machineryforapoptoticcelldeathimpairorganismaldevelopment

andpromoteoncogenesis,theunwarrantedactivationof

apoptosispromotescelllossandtissuedamageinthecontextof

variousneurological,cardiovascular,renal,hepatic,infectious,

neoplasticandinflammatoryconditions.Here,theNomenclature

CommitteeonCellDeath(NCCD)gatheredtocriticallysummarize

anabundantpre-clinicalliteraturemechanisticallylinkingthecore

apoptoticapparatustoorganismalhomeostasisinthecontextof

disease

DietaryFiberandMicrobiotaMetaboliteReceptors

EnhanceCognitionandAlleviateDiseaseinthe5xFAD

MouseModelofAlzheimer'sDisease

Alzheimer'sdisease(AD)isaneurodegenerativedisorderwith

poorlyunderstoodetiology.ADhasseveralsimilaritieswithother

"Westernlifestyle"inflammatorydiseases,wherethegut

microbiomeandimmunepathwayshavebeenassociated.

Previously,weandothershavenotedtheinvolvementof

metabolite-sensingGPCRsandtheirligands,short-chainfatty

acids(SCFAs),inprotectionofnumerousWesterndiseasesin

mousemodels,suchasTypeIdiabetesandhypertension.



DepletionofGPR43,GPR41,orGPR109Aacceleratesdisease,

whereashighSCFAyieldingdietsprotectinmousemodels.Here,

weextendedtheconceptthatmetabolite-sensingreceptorsand

SCFAsmaybeamorecommonprotectivemechanism against

WesterndiseasesbystudyingtheirroleinADpathogenesisinthe

5xFADmousemodel.Bothmaleandfemalemicewereincluded.

DepletionofGPR41andGPR43acceleratedcognitivedeclineand

impairedadulthippocampalneurogenesisin5xFADandWTmice.

Lackoffiber/SCFAsacceleratedamemorydeficit,whereasdiets

supplementedwithhighacetateandbutyrate(HAMSAB)delayed

cognitivedeclinein5xFADmice.Fiberintakeimpactedon

microglialmorphologyinWTmiceandmicroglialclustering

phenotypein5xFADmice.Lackoffiberimpairedadult

hippocampalneurogenesisinbothW andADmice.Finally,

Techniquesandmethodsusedinstudyingthebiophysicsof

maternaldietaryfiberintakesignificantlybiologicalmembrane

affectsoffspring'scognitivefunctionsin5xFADmiceand

microglialtranscriptomeinbothWTand5xFADmice,suggesting

thatSCFAsmayexerttheireffectduringpregnancyandlactation.

Together,metabolite-sensingGPCRsandSCFAsareessentialfor

protectionagainstAD,andrevealanewstrategyfordisease

prevention.SignificanceStatement Alzheimer'sdisease(AD)isone

ofthemostcommonneurodegenerativediseases;currently,there

isnocureforAD.Inourstudy,short-chainfattyacidsand

metabolitereceptorsplayanimportantroleincognitivefunction

andpathologyinADmousemodelaswellasinWTmice.SCFAs

alsoimpactonmicrogliatranscriptome,andimmunecell



recruitment.Outstudyindicatesthepotentialofspecializeddiets

(supplementedwithhighacetateandbutyrate)releasinghigh

amountsofSCFAstoprotectagainstdisease.

Techniquesandmethodsusedinstudyingthebiophysicsof

biologicalmembranes

Studyingthebiophysicalphysicsofbiologicalmembranesusesa

varietyoftechniquesandmethodstounderstandtheinteractions

andprocessesthatoccurwithinthesemembranes.Someofthe

techniquesandmethodsusedinthisfieldinclude:

1.BiophysicalSpectroscopy:Thistechniqueisusedtostudy

chemicalreactionsandchangesthatoccurwithinbiological

membranesbyanalyzingchangesinthefrequenciesand

electromagneticwavesemittedfrom themembranes.

2.BiologicalImagingTechniques:Thesetechniques,suchas

electronmicroscopyandlightmicroscopy,areusedtomonitorand

observebiologicalmembranesatthecellularandmolecularlevels.

3.SurfaceSensingTechniques:Thesetechniques,suchasmass

spectrometry,areusedtomeasurechangesthatoccuronthe

surfaceofbiologicalmembranes.

4.ComputationalModelingTechniques:Thesetechniqueshelp

simulatethephysicalandchemicalprocesseswithinbiological

membranesandinterpretdataextractedfrom experiments.



5.OpticalControlTechniques:Asmentionedintheprevioustext,

thesetechniquesareusedtodirectlymanipulatethestructureof

biologicalmembranesandunderstandhowitaffectsthe

developmentofAlzheimer's

Discussion:

Studyingbiophysicalphysicsofbiologicalmembranesplaysa

crucialroleinunderstandingAlzheimer'sdisease,bycontributing

tounderstandingthemolecularstructureofcellularmembranes

andtheeffectsofgenesandenvironmentalfactorsondisease

progression.Italsohelpsunderstandtheinteractionsofproteins

andlipidswithinmembranesandtheimpactofAlzheimer's

diseaseonthem.Additionally,itprovidesanalyticaltoolsenabling

thestudyofprecisechemicalandphysicalreactions,thusaidingin

thedevelopmentofnewtreatmentstrategiesforAlzheimer's

disease.

Conclusion:

Theexpectedresultsfrom thesestudiescouldcontributeto

obtainingdetailedinsightsintohowcellmembranesinteractwith

proteinsinvolvedinAlzheimer'sdiseasepathways.Theseresults

areanticipatedtoenhanceourunderstandingoftheformationof

connectionsbetweenproteinsandbiologicalmembranes,andhow

theseconnectionscanplayaroleintheformationofthepersistent

plaquesthataccumulateinthebrainsofAlzheimer's



patients.Additionally,theseanticipatedresultscouldguideus

towardsexploringnewwaystotreatAlzheimer'sdisease,suchas

developingtreatmentsthateffectivelytargettheinteractions

betweenproteinsandbiologicalmembranes.Ingeneral,the

researchresultsinthefieldofbiophysicalphysicsofbiological

membranesareexpectedtoexpandourunderstandingof

Alzheimer'sdiseaseandprovidenewperspectivesfordeveloping

treatmentsandpreventionmethods.

Recommendations:

Basedontheexpectedresultsofthesestudies,thefollowing

conclusionsandrecommendationscanbemadeforfuture

researchinthisfield:

1.Furtherinvestigationsshouldfocusonelucidatingthespecific

mechanismsbywhichproteinsinteractwithbiologicalmembranes

inthecontextofAlzheimer'sdisease.Thiswillhelpinidentifying

potentialtherapeutictargetsforintervention.

2.Futurestudiesshouldexploretheimpactofenvironmental

factorsontheinteractionsbetweenproteinsandbiological

membranes,asthesefactorscaninfluencetheprogressionof

Alzheimer'sdisease.

3.Itisrecommendedtoinvestigatetheroleoflipidcomposition

andstructureinmodulatingprotein-membraneinteractions,asthis

canprovidevaluableinsightsintothepathogenesisofAlzheimer's

disease.

4.Collaborativeresearcheffortsbetweenbiophysicists,



neuroscientists,andcliniciansareessentialtotranslatethe

findingsfrom biophysicalstudiesintoclinicallyrelevant

applicationsforthediagnosisandtreatmentofAlzheimer's

disease.

5.Longitudinalstudiesarewarrantedtoassessthelong-term

effectsoftargetingprotein-membraneinteractionsasa

therapeuticstrategyforAlzheimer'sdisease,andtoevaluatethe

efficacyandsafetyofpotentialinterventions.

Byaddressingtheseresearchgapsandrecommendations,future

studiescanadvanceourunderstandingofthebiophysicalaspects

ofAlzheimer'sdiseaseandpavethewayfordevelopinginnovative

therapeuticapproaches.

References

1.Bachem A,etal..(2019)Microbiota-derivedshort-chainfatty

acidspromotethememorypotentialofantigen-activatedCD8+T

cells.Immunity51:285–297.e5.10.1016/j.immuni.2019.06.002-

 DOI - PubMed

2.BachillerS,Jiménez-FerrerI,PaulusA,YangY,SwanbergM,

DeierborgT,Boza-SerranoA(2018)Microgliainneurological

diseases:aroadmaptobrain-diseasedependent-inflammatory

response.FrontCellNeurosci12:488.10.3389/fncel.2018.00488-

 DOI - PMC - PubMed

3.BallariniT,etal..,DELCODEStudyGroup(2021)Mediterranean



diet,Alzheimerdiseasebiomarkersandbrainatrophyinoldage.

Neurology96:e2920.10.1212/WNL.0000000000012067- DOI -

 PMC - PubMed

4.BertiV,etal..(2018)Mediterraneandietand3-yearAlzheimer

brainbiomarkerchangesinmiddle-agedadults.Neurology

90:e1789.10.1212/WNL.0000000000005527- DOI - PMC -

 PubMed

5.BlacherE,etal..(2019)Potentialrolesofgutmicrobiomeand

metabolitesinmodulatingALSinmice.Nature572:474–480.

10.1038/s41586-019-1443-5

6.KlionskyDJ,AbdallaFC,AbeliovichH,etal.Guidelinesforthe

useandinterpretationofassaysformonitoringautophagy.

Autophagy.2012.Apr;8(4):445–544.PubMedPMID:22966490;

PubMedCentralPMCID:PMC3404883.

7.KlionskyDJ,AbdelmohsenK,AbeA,etal.Guidelinesfortheuse

andinterpretationofassaysformonitoringautophagy(3rdedition).

Autophagy.2016;12(1):1–222.PubMedPMID:26799652;PubMed

CentralPMCID:PMCPMC4835977.

doi:10.1080/15548627.2015.1100356. 

8.KlionskyDJ,AbeliovichH,AgostinisP,etal.Guidelinesforthe

useandinterpretationofassaysformonitoringautophagyin

highereukaryotes.Autophagy.2008.Feb;4(2):151–75.PubMed

PMID:18188003

9.KlionskyDJ,CuervoAM,SeglenPO..Methodsformonitoring

autophagyfrom yeasttohuman.Autophagy.2007.May-



Jun;3(3):181–206.PubMedPMID:17224625;eng. 

10.XiaHG,NajafovA,GengJ,etal.DegradationofHK2by

chaperone-mediatedautophagypromotesmetaboliccatastrophe

andcelldeath.JCellBiol.2015.Aug31;210(5):705–16.PubMed

PMID:26323688;PubMedCentralPMCID:PMC4555813.

doi:10.1083/jcb.201503044.- DOI


