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ABSTRACT

Protein-proteininteractions(PPIs)regulatemostofthebiologicalactivitieswithinacell.Asetof
pairwisePPIsinsevengeneraofbacterialpathogens(Salmonella,Escherichia,Shigella,Yersinia,
Klebsiella,Photorhabdus,andPantoea)ofEnterobacteriaceaefamilywasanalysed.Atgenotypic
level,thecorrelationcoefficientanalysisofthemutationspectraofthetensetsofdirectlyinteracting
protein partners in Escherichia coli recognised all the ‘interacting partners’ in Escherichia coli.
Extendingthecorrelationanalysistoincludestrainsfromtherestofthebacterialgeneradecreased
therecognitionefficiencyprovidingquantitativeevidencethatbinaryinteractomehaveincomplete
superpositionacrossspecies.Atphenotypelevel,areliableclassificationofbacterialpathogenswas
obtainedbymeasuringPPIvariationsintermsofbetweenphylogeneticdistancecorrelationdistances
amongtensetsofproteinspartners.ThisforcesustorethinkuponthepossibilityofPPIrewiring
withaconsequentchangeinphysiologicalroleofthesameprotein.
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InTRoduCTIon

Proteins are tools that carry out most of the biological process in a cell by their very specific
interactionwithotherproteins.Enzymesinvolvedinthesamemetabolicpathwaymutuallyinteract
andaggregatetobuildmolecularmachines.Thisspecificityininteractionsisessentialtomaintaina
viablemetabolism.Likewise,signalpropagationwithintissuemicro-environmentdependsonhighly
organizedcytoskeletonproteininmeshes.Thepresenceofanorganized‘interactome’isthusakey
prerequisiteforallcellularprocesses.Consequently,determiningtheProteinProteinInteraction(PPI)
network,discoveringassociationsamongproteinsinvolvedinmetabolicpathwaysanddetermining
pathwaykineticsareofprimeimportanceinunderstandinghowacellworks.

Inthiswork,weexaminedthepairwiseproteininteractionswithinspeciesstrainsofEscherichia 
coliandbetweenspeciesstrainsfromSalmonella, Yersinia, Klebsiella, Photorhabdus, Shigella and 
Pantoeagenera)ofEnterobacteriaceaefamily,basedonthecorrelationbetweenthephylogenetic
treesoftheinteractingproteinpairs,toelucidatetheevolutionaryrelationshipsintermsofvariations
inthePPIpatterns.WehypothesisthatPPI’sarestrictlypreservedwithinspecieswhilsttheirdegree
ofsuperpositioninverselyscalewithphylogeneticdistancewhichimpliesthatPPI’sisnotconserved
acrossspeciesandthatorthologsofproteinshavedifferentinteractingpatternsacrossspeciesand
consequentlyplayadifferentphysiologicalrole.
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Toproveourhypothesis,wetooktensetofbinaryinteractingproteinsfromdifferentstrainsof
Escherichia colianditsorthologsfromspeciesofSalmonella, Yersinia, Klebsiella, Photorhabdus, 
Shigella and PantoeageneraofEnterobacteriaceaefamily.Globalmolecularphylogeneticprotein
profilewasconstructedbasedonthedistancematrixobtainedfromMultipleSequenceAlignment
oftheentireproteinset.Scoringofastrongcorrelationbetweendistancematricesforaninteracting
proteinpair isan indicator that the twoproteins interact,given theyundergoco-evolution(Goh,
Bogan,Joachimiak,Walther&Cohen,2000).HighvaluesofPearson’sCorrelationcoefficientof
GlobalmolecularphylogeneticproteinprofileofEscherichia colistrainswereobservedindicating
strongbinaryinteractionamongthetenproteinpairs.HowevertheGlobalmolecularphylogenetic
proteinprofilebetweenspeciesstrainsofSalmonella, Yersinia, Klebsiella, Photorhabdus, Shigella and 
PantoeageneraofEnterobacteriaceaefamilyonlyallowsforapartialrecognitionofbinaryinteractions
whichledustoconcludethatbinaryproteininteractionsarepreservedwithintheEscherichiacoli
specieswhereasitisnotseenconservedacrossspecies of Enterobacteriaceaefamily.Basedonthe
variationinthecorrelationbetweenthephylogenetictreesoftheinteractingproteinpairs,wecould
obtainareliableclassificationoftheseventy-fivestrainsofbacteriafromEnterobacteriaceaefamily
thatislargelyinconcordantwiththecurrentlyacceptedphylogenetictheory.

BACKgRound

Atpresent,protein–proteininteractionstudiesfocusonthecombinatorialcomplexityoffunctional
interactome with an intention to build a viable cell from them. The bewildering combinatorial
complexityofpossibleinteractomesraisesmanyquestionsondevelopmentaswellasrewiringof
PPIsalongevolution.PeterTompaandGeorgeRosesketchedaminimalisticcombinatorialmodel(
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.
.× × possibleprotein-protein interactionpatterns) for yeast and concluded that a prior

framework of existing interactions is essential, as emergent interactome cannot self-organise
spontaneously(Tompa&Rose,2011).Inevolutionaryterms,thisimpliesthataparticularPPIpattern
(aninteractome)ishighlyconservedphysicalentityandsmallvariationsareimportantphenotypic
markersofspeciesseparation(Tompa&Rose,2011;Kyaw,Pawan,Maria&Alessandro.2006;Goh,
Bogan,Joachimiak,Walther&Cohen,2000).TheanalysisofeventualvariationinthePPIpatterns
fromtheorchestratedproteininteractionsisthusofcrucialimportanceintaxonomy.

ThevariationofPPIpatternwasalsoanalysedbyReuveniE.etal.,intermsofspeciesspecificity
ofsynonymousandnon-synonymousmutationinyeastgenome(Reuveni&Giuliani2012).Mutation
insinglegeneoccursintwomanners:synonymousmutation,whereinnochangeoccursinprimary
proteinsequence;non-synonymousmutationthatproduceschangeintheprimarysequenceofthe
proteintherebypotentiallychangingitsfunctionalitywithconsequentphenotypevariation.Theauthors
observedthat,inproteins,thatplayacrucialroleinthecellularprocess,theratioofsynonymousand
non-synonymousmutation(dN/dS)ratiocomputedonagene-bygenebasiswereconservedacross
proteomesofinter-breedingpopulations.Strongcorrelationbetweentwogenomesintermsoftheir
dN/dSratioprofilesimpliesthatvitalproteinsandtheirinteractionarepreservedacrossgenomes.
However,onchangingthefocusfromasinglegenetoagenomicscale,itwasobservedthatthedN/
dSratiovariedacrossspecies.This lackofcorrelation implies that thesameproteinchanges its
physiologicalroleindifferentspecies.Thisledthemtoproposethatproteinsinteractdifferentlyin
differentspeciesandformdifferentPPIpatterns,giventhattheproteins(withonlyrareexceptions)
donotworkinisolation.

KirillEvlampievetal.demonstratedthatnetworkmotifs,unlikeindividualproteins,cannotbe
indefinitelyconservedundergeneralduplication-divergenceevolution,regardlessofanynetwork-
rewiringdynamics(Kirill&Hervé,2008).Inthislight,welookedintothePPI’sofEnterobacteriaceae
family of bacteria. We hypothesis that the binary protein interactions are conserved within the
Escherichia colispecieswhereasitisnotconservedacrossthespeciesofEnterobacteriaceaefamily.
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