
CellJunctions

Celljunctions (orintercellularbridges)are a class ofcellularstructures consisting of

multiproteincomplexesthatprovidecontactoradhesionbetweenneighboringcellsorbetween

acellandtheextracellularmatrixinanimals.Theyalsomaintaintheparacellularbarrierof

epitheliaandcontrolparacellulartransport.Celljunctionsareespeciallyabundantinepithelial

tissues.Combinedwithcelladhesionmoleculesandextracellularmatrix,celljunctionshelp

holdanimalcellstogether.

Celljunctionsarealsoespeciallyimportantinenablingcommunicationbetweenneighboring

cellsviaspecializedproteincomplexescalledcommunicating)junctions.Celljunctionsarealso

importantinreducingstressplaceduponcells.

Invertebrates,therearethreemajortypesofcelljunction:

 Adherensjunctions,desmosomesandhemidesmosomes(anchoringjunctions)

 Gapjunctions(communicatingjunction)

 Tightjunctions(occludingjunctions)

GAPJUNCTIONS:

Gapjunctionsareaspecializedintercellularconnectionbetweenamultitudeofanimalcell-

types.Theydirectlyconnectthecytoplasm oftwocells,whichallowsvariousmolecules,ions

andelectricalimpulsestodirectlypassthrougharegulatedgatebetweencells.

Onegapjunctionchanneliscomposedoftwoconnexons(orhemichannels),whichconnect

acrosstheintercellularspace.Gapjunctionsareanalogoustotheplasmodesmatathatjoin

plantcells.Gapjunctionsoccurinvirtuallyalltissuesofthebody,withtheexceptionofadult

fullydevelopedskeletalmuscleandmobilecelltypessuchassperm orerythrocytes.Gap

junctions,however,arenotfoundinsimplerorganismssuchasspongesandslimemolds.



Fig:Gapjunction

Agapjunctionmayalsobecalledanexusormaculacommunicans.Whileanephapsehas

somesimilaritiestoagapjunction,bymoderndefinitionthetwoaredifferent.

Invertebrates,gapjunctionhemichannelsareprimarilyhomo-orhetero-hexamersofconnexin

proteins.Invertebrategapjunctionscompriseproteinsfrom theinnexinfamily.Innexinshaveno

significantsequencehomologywithconnexins.Thoughdifferinginsequencetoconnexins,

innexinsaresimilarenoughtoconnexinstostatethatinnexinsform gapjunctionsinvivointhe

samewayconnexinsdo.Therecentlycharacterizedpannexinfamily,whichwasoriginally

thoughttoform inter-cellularchannels(withanaminoacidsequencesimilartoinnexins),infact

functionsasasingle-membranechannelthatcommunicateswiththeextracellularenvironment,

andhasbeenshowntopasscalcium andATP.Atgapjunctions,theintercellularspaceis

between2and4nm andunitconnexonsinthemembraneofeachcellarealignedwithone

another.

Gapjunctionchannelsformedfrom twoidenticalhemichannelsarecalledhomotypic,while

thosewithdifferinghemichannelsareheterotypic.Inturn,hemichannelsofuniform connexin

composition arecalled homomeric,whilethosewith differing connexinsareheteromeric.

Channelcompositionisthoughttoinfluencethefunctionofgapjunctionchannels.



Occurances:Gap junctionsappearto bein allanimalorgansand tissuesand itwillbe

interestingtofindexceptionstothisotherthancellsnotnormallyincontactwithneighboring

cells.Adultskeletalmuscleisapossibleexception.Itmaybearguedthatifpresentinskeletal

muscle,gapjunctionsmightpropagatecontractionsinanarbitrarywayamongcellsmakingup

themuscle.Atleastinsomecasesthismaynotbethecaseasshowninothermuscletypes

thatdohavegapjunctions.

Function:Gapjunctionsmaybeseentofunctionatthesimplestlevelasadirectcelltocell

pathwayforelectricalcurrents,smallmoleculesandions.Thecontrolofthiscommunication

allowscomplexdownstream effectsonmulticellularorganisms.

 Inthe1980s,moresubtlebutnolessimportantrolesofgapjunctioncommunication

havebeeninvestigated.Itwasdiscoveredthatgapjunctioncommunicationcouldbe

disruptedbyaddinganti-connexinantibodiesintoembryoniccells.Embryoswithareas

ofblockedgapjunctionsfailedtodevelopnormally.

 The"bystandereffect"withitsconnotationsoftheinnocentbystanderbeingkilledis

alsomediatedbygapjunctions.Whencellsarecompromisedduetodiseaseorinjury

andstarttodiemessagesaretransmittedtoneighboringcellsconnectedtothedying

cellbygapjunctions.Thiscancausetheotherwiseunaffectedhealthybystandercellsto

alsodie.

 Deathofsomecellsandtheirsurroundingmatrixmayberequiredforatissuetoreach

itsfinalconfigurationandgapjunctionsalsoappearessentialtothisprocess.

 Gapjunctionselectricallyandchemicallycouplecellsthroughoutthebodyofmost

animals.Electricalcouplingcanberelativelyfastacting.Tissuesinthissectionhave

wellknownfunctionsobservedtobecoordinatedbygapjunctionswithinter-cellular

signalinghappeningintimeframesofmicro-secondsorless.

 Gapjunctionsareparticularlyimportantincardiacmuscle:thesignaltocontractis

passedefficientlythroughgapjunctions,allowingtheheartmusclecellstocontractin

unison.Gap junctions are expressed in virtuallyalltissues ofthe body,with the

exceptionofadultfullydevelopedskeletalmuscleandmobilecelltypessuchassperm

orerythrocytes.

 Agapjunctionlocatedinneuronsisoftenreferredtoasanelectricalsynapse.



TIGHTJUNCTIONS:

Tightjunctions,alsoknownasoccludingjunctionsorzonulaeoccludentes(singular,zonula

occludens)aremultiproteinjunctionalcomplexeswhosegeneralfunctionistopreventleakage

oftransportedsolutesandwat

erandsealstheparacellularpathway.Tightjunctionsmayalsoserveasleakypathwaysby

formingselectivechannelsforsmallcations,anions,orwater.Tightjunctionsarepresent

mostlyinvertebrates(withtheexeptionofTunicates).Thecorrespondingjunctionsthatoccur

ininvertebratesareseptatejunctions.

Fig:TightJunction

Tightjunctionsarecomposedofabranchingnetworkofsealingstrands,eachstrandacting

independentlyfrom theothers.Therefore,theefficiencyofthejunction in preventing ion

passageincreasesexponentiallywiththenumberofstrands.Eachstrandisformedfrom arow

oftransmembraneproteinsembeddedinbothplasmamembranes,withextracellulardomains

joining oneanotherdirectly.Thereareatleast40 differentproteinscomposing thetight

junctions.[2]Theseproteinsconsistofbothtransmembraneandcytoplasmicproteins.The

threemajortransmembraneproteinsareoccludin,claudins,andjunctionadhesionmolecule

(JAM)proteins.TheseassociatewithdifferentperipheralmembraneproteinssuchasZO-1

locatedontheintracellularsideofplasmamembrane,whichanchorthestrandstotheactin

componentofthecytoskeleton.[3]Thus,tightjunctionsjointogetherthecytoskeletonsof

adjacentcells.

Occurances:Tightjunctionsarelocatedwithinourbody'sepithelia.Inhumanphysiologythere

aretwomaintypesofepitheliausingdistincttypesofbarriermechanism.Epidermalstructures

suchasskinform abarrierfrom manylayersofkeratinizedsquamouscells.Internalepithelia

ontheotherhandmoreoftenrelyontightjunctionsfortheirbarrierfunction.Thiskindofbarrier

ismostlyformedbyonlyoneortwolayersofcells



Functions:Theyperform vitalfunctions:

 Theyholdcellstogether.

 Barrierfunction,whichcanbefurthersubdividedintoprotectivebarriersandfunctional

barriersserving purposessuch asmaterialtransportand maintenanceofosmotic

balance:

 Tightjunctionshelptomaintainthepolarityofcellsbypreventingthelateraldiffusionof

integralmembraneproteinsbetweentheapicalandlateral/basalsurfaces,allowingthe

specializedfunctionsofeachsurface(forexamplereceptor-mediatedendocytosisat

theapicalsurfaceandexocytosisatthebasolateralsurface)tobepreserved.Thisaims

topreservethetranscellulartransport.

 Tightjunctionspreventthepassageofmoleculesandionsthroughthespacebetween

plasmamembranesofadjacentcells,somaterialsmustactuallyenterthecells(by

diffusionoractivetransport)inordertopassthroughthetissue.

DESMOSOMES:

Adesmosome("bindingbody"),alsoknownasamaculaadherens(Latinforadheringspot),isa

cellstructurespecialized forcell-to-celladhesion.A typeofjunctionalcomplex,theyare

localizedspot-likeadhesionsrandomlyarrangedonthelateralsidesofplasmamembranes.

Desmosomesarecomposedofdesmosome-intermediatefilamentcomplexes(DIFC),whichis

anetworkofcadherinproteins,linkerproteinsandkeratinintermediatefilaments.TheDIFCs

canbebrokenintothreeregions:theextracellularcoreregion,ordesmoglea,theouterdense

plaque,orODP,andtheinnerdenseplaque,orIDP.

Fig:DesmosomeAdhesion



The extracellularcore region,approximately 34 nm in length,contains desmoglein and

desmocollin,which are in the cadherin familyofcelladhesion proteins.Both have five

extracellulardomains,andhavecalcium-bindingmotifs.Extracellularcalcium helpsform the

cadherin adhesion by allowing the cadherin extracellular domain on desmoglein and

desmocollinto becomerigid.Theybind to eachotherviaheterophilicinteractionsinthe

extracellularspaceneartheirN-termini,incontrastwiththehomophilicbindingcharacteristicof

othercadherins.Desmogleinanddesmocollinhaveasinglepasstransmembraneregionplusan

intracellularanchorto secure its position in the cellmembrane.Desmogleins and the

desmocollinDsc"a"form containanintracellularcadherindomain,whichbindstoplakoglobin.

Theouterdenseplaque,whichisabout15–20nm inlength,containstheintracellularendsof

desmocollinanddesmoglein,theN-terminussideofdesmoplakin,andthearmadillofamilyof

mediatoryproteinsplakoglobinandplakophilin.

Theinnerdenseplaque,also about15–20nm inlength,containstheC-terminusendof

desmoplakinandtheirattachmenttokeratinintermediatefilaments.Desmoplakinisthemost

abundantpartofthedesmosome,asitoperatesasthemediatorbetweenthecadherinproteins

intheplasmamembraneandthekeratinfilaments.

Occurances:Desmosomesareoneofthestrongercell-to-celladhesiontypesandarefoundin

tissuethatexperienceintensemechanicalstress,suchascardiacmuscletissue,bladdertissue,

gastrointestinalmucosa,andepithelia.

Function:Desmosomesareintercellularjunctionsthatprovidestrongadhesionbetweencells.

Becausetheyalsolinkintracellularlytotheintermediatefilamentcytoskeletontheyform the

adhesivebondsinanetworkthatgivesmechanicalstrengthtotissues.


