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Abstract:Cyclophilins(CYN)areubiquitouslypresentindivergentspeciesfromprokaryotesandeukaryotes.Theyare
structurallyconservedthroughoutevolutionandmostofthem,ifnotall,possessPPIaseactivity.AcDNAencodingcyclo-
philin(Sca-CYN)wasclonedbasedonSteinernemacarpocapsaesuppressionsubtractivehybridizationanalysis.Thepre-
dictedproteincontained171aminoacidresidueswithapredictedmolecularmassof16.2kDandatheoreticalpIof6.89.
Subcellularlocalizationwaslocalizedincytoplasm.BLASTanalysisshowed75%~89%identitytocyclophilinfromnema-
todes,insects,andotherorganisms.ExpressionanalysisrevealedthattheSca-CYNwasup-regulatedduringtheinitial
parasiticstage.SequencecomparisonandevolutionarymarkeranalysisshoweditwasanorthologueofCaenorhabditisele-
gansCYN3.HomologymodelingrevealedthatSca-CYNadoptsthetypicalstructureofcyclophilinproteinsandphyloge-
neticanalysisindicatesthatSca-CYNbranchedoffearlyduringtheevolution.Thesedataprovideabasisforfutureresearch
intothefunctionofSca-CYN,andofferfurtherinsightintothemolecularevolutionofnematodecyclophilingenefamily.
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Thepeptidyl-prolylcis/transisomerase(PPIase)(EC5.2.1.8)ofproteiniscomprisedofthreeknown
proteinfamilies,thecyclophilins(cyclosporinAbindingproteins),FKBPs(FK506-bindingproteins)andpar-
vulins.Theyarefoundwidelydistributedandhighlyconservedindiverseprokaryoticandeukaryoticmajor
compartmentsofthecell[4-6].Thediverserolesandstillemergingnewfunctionssuggestedthatorganisms[1-3],
implyingthattheirfunctionisrequiredincellularprocessesfrombacteriatoman,andinthecyclophilinspro-
cessingmorefunctionsthanalreadydefinedrolesinproteinfolding.However,themechanismsbywhichthey
fulfillthesecellulareventshavebeendifficulttoestablishandarestilllargelyunclearyet.

ThecloningandcharacterizationofcyclophilingenesfromnematodeHaemonchuscontortus,Caenorhabdi-
tiselegansandothernematodespeciesprovidesanexcellentopportunitytostudythevariousbiologicalroles
playedbyrepresentativesofallthecyclophilinsubfamilieswithinthissystem.Theimmunosuppressantdrug
cyclosporinAhasbeenshowntohaveaneffectonparasitichelminthworms,causingstructuraltegumental
damages.Apossiblemechanismforthisanti-parasiticeffectistheinhibitionofpropercyclophilinactivity[7-9]

resultinginproductionandaccumulationofmisfoldedprotein.Detailedstructuralinformationonthenematode
cyclophilinsmaythereforeprovideusefultargetsforthedesignofnewfamiliesofanti-parasiticdrugs.

Inthisstudy,wedescribedthecharacterizationofageneencodingacyclophilinproteinthatwasidentified
duringtheanalysisofasuppressionsubtractivehybridization(SSH)libraryofentomopathogenicnematode
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Steinernemacarpocapsae.Theexpressionpatternsindifferentdevelopmentalstageandinsecthemolymphin-
ducednematodewerealsoinvestigated.Theexpressionpattern,whenconsideredtogetherwithemerging
structuralandsequencedata,providesaninsightintothepossiblerolesplayedbycyclophilinsinmulticellular
organisms.

1Materialsandmethods
1.1Nematodecollectionandinduction

Infectivejuveniles(IJs)weremultipliedinGalleriamellonellalarvaeandharvestedinawhitetrap[10].To
inducerecoverytotheparasiticstage,IJsweresurfacesterilizedwith0.5%sodiumhypochloride,inducedby
1%insecthemolymphplus1%antibiotic(penicillin-streptomycin-neomycin,Sigma).Inducednematodeswere
collectedat0,6,12,24,36,48and72h,immediatelyfrozeninliquidnitrogenandstoredat-80℃forfur-
theranalysis.
1.2Suppressionsubtractivehybridization(SSH)screeningandgeneidentification

TotalRNAwasisolatedusingtheTrizolreagent(Invitrogen,USA).Suppressionsubtractivehybridiza-
tion(SSH)wasperformedusingthePCR-SelectedcDNASubtractionKit(Clontech,USA)anddifferentially
expressedgenescreeningwasdonebyreverseNorthernblot[11].Homologysearcheswerecarriedoutusingthe
BlastagainstGenBankdatabase.
1.3Full-lengthcDNAcloning

RapidamplificationofcDNAends(5’RACE)wasconductedtoobtainfull-lengthcDNAofcyclophilinu-
singtheSMARTTMRACEcDNAAmplificationKit(Clontech-Takara,UK)underthemanufacturer’sin-
struction.GenespecificprimerScCYN(5’-GGCGTTCCTTGAAGTTCTCGTCGTTG-3’)wasdesignedbased
ontheESTfragmentinSSHlibrary.ThePCRconditionwasasfollows:30cyclesof94℃for30s,68℃for
30s,and72℃for3min,andafinalextensionat72℃for5min.Theamplifiedfragmentwasclonedintothe
pCR4-TOPOvector,andthentransformedintoE.coliDH5αcells.Positivecloneswerescreenedandse-
quenced.Thefull-lengthcDNAwasobtainedbyjoiningthetwofragments.
1.4Sequenceanalysisandsubcellularlocalization

SequencessimilarityanalysiswasperformedusingBLASTprogram.DomainwasidentifiedusingtheCon-
servedDomainDatabaseseverinNCBIwiththeConservedDomainArchitecturalRetrievalTool(CDART),
SMART(http://smart.embl-heidelberg.de/)andMotifScan(http://motifscan.stanford.edu/).Thetheo-
reticalisoelectricpointandmolecularweightwerepredictedusingComputepI/Mw(http://web.expasy.org/
compute_pi/);Sub-cellularlocalizationwaspredictedbyWOLFPSORT(http://wolfpsort.org/).
1.5Geneexpressionanalysis

TotalRNAsfromthedifferentdevelopmentstagesorinducednematodeswereisolatedandreverse-transcribedinto
cDNAs.RelativegeneexpressionofSca-CYNwasdetectedbyreal-timeRT-PCRusing18SrRNAasanendogenouscon-
trol.Primersfor18SrRNA were18SF (5-GCTAATCGGAAACGAAAGTC-3)and18SR (5-CATCCACCGAAT-
CAAGAAAG-3).Primersforcyclophilinforwardandreversewere(5-TACAAGGGCTCCAAGTTCC-3)and(5-CTTGA
CGATGTCCAGTCC-3).Real-timeRT-PCRwasperformedusingSYBRGreenMixandthethermalcyclecondi-
tionswereasfollows:95℃for10min,and40cyclesat95℃for15sand60℃for60s.qRT-PCRdatafrom
threereplicatesampleswereanalyzedwiththeRelativeManagerSoftware(AppliedBiosystems,USA)toesti-
matetranscriptlevelsofeachsampleusingthe2ΔΔCtmethod[12].
1.6Phylogeneticanalysis

MultiplesequencealignmentsweregeneratedusingMuscleinMEGA5.0[13]andwererefinedmanuallyu-
singBioEdit7.0.Unambiguouslyalignmentpositionswereusedforsubsequentphylogenticanalysis.ABayes-
ianinferencetreewasreconstructedusingMrBayesv3.1.2[14]underthebestevolutionmodel(VAG+G)de-
terminedbytheProtTest3program[15].FourindependentMarkovChainMonteCarlo(MCMC)chainswere
usedwiththedefaulttemperatureof0.01.Theanalysiswasrunfor200000generationswithasamplefre-
quencyof100andburn-inwassettocorrespondto25%ofthesampledtree.
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1.7Homologymodeling
Web-availableESyPred3D (http://www.fundp.ac.be/sciences/biologie/urbm/bioinfo/esypred/)and

3Djigsaw(http://www.bmm.icnet.uk/servers/3djigsaw/)serverwereusedtofindthebeststructuraltem-
plates.ThenSWISS-MODELserver(http://swissmodel.expasy.org/)wasappliedtocreatea3Dstructural
model.

2Results
2.1Cloningandcharacterizationofcyclophilin

Suppressionsubtractivehybridization(SSH)wasusedtoidentifydifferentiallyexpressedgenesinvolvedin
thehost-parasiteinteractionsofentomopathogenicnematodeS.carpocapsaeandtheirinsecthosts.Analysisof
theSSHlibraryrevealedthatapartialcloneencodingforaC.eleganscyclophilinhomolog[11].Theprelimina-
ryscreeningofselectedgenebyRNAblotanalysisconfirmedthatitwasup-regulatedbyinsecthymolymphin-
duction.

ThefinalcDNAsequence(GenbankAccessionDQ861405)wasobtainedbyassemblyofthesequenceof
theESTcloneanda5’endsequencefroma5’RACEproduct.ThecompletecDNAencoded171aminoacid
residues(designedasSca-CYN).Thepredictedmatureproteinwouldhaveamolecularmassof16.2kDandan
isoelectricpointof6.89.ItwaslocalizedinthecytoplasmaandcontainedtwopotentialN-glycosylationsites
(N57andN94). MotifanalysisrevealedthatSca-CYNhadaconservedPPIasedomain(2.8e-48)anditssig-
nature(YKGSKFHRVIPNFMIQGG).Sequencelogoalignmentoftheconservedsignaturewascreated(see
Fig.1ontheinsidebackcoveroftheissue)andhighlyconservedincyclophilinfamily. 

BLASTanalysisshowedthatSca-CYNhad75%~89%identitiesatAAleveltomanynematodecyclophil-
inproteins.Itshowed89%identitywithC.briggsaeCYN3and86%withC.elegansCYN3.Basedonthesize
andsequenceidentity,Sca-CYNwasidentifiedasanorthologueofC.elegansCYN3(seeFig.2ontheinside
backcoveroftheissue).
2.2Geneexpressionanalysis

ExpressionanalysisthroughoutthelifecycleintheparasitizedinsectG.mellonellalarvaerevealedthat
Sca-CYNwasup-regulatedinalllarvaestagesafterinfectinginsect(Fig.3A).SincetheSca-CYNgenewasin-
itialisolatedfrominsecthymolymphinducednematodes,wewanttoinvestigatethekineticsoftheinducedex-
pressionofthisgene.AsshowninFig.3B,resistantstagenematodesquicklyrespondedtoinsecthomogenates
invitro,displayedalowlevelexpressionafter6hinduction,thensignificantlyincreasedat12handremained
relativelyconstantuntil48h.

Fig.3 Sca-CYNgeneexpressionthroughoutthelifecycles(A)andinresponsetoinsecthomogenate
induction(B).18SrRNAwasusedasanendougenouscontrol

2.3Phylogeneticanalysis
ToshedlightontheevolutionarypositionofSca-CYN,aphylogenetictreewasconstructedbasedonthe

deducedaminoacidsequencesfromothernematodespecies(Fig.4).ThisanalysisindicatedthatSca-CYNwas
clusteredwithcyclophilinfromfree-livingnematodeC.remanelandC.brenneriandanimalparasiteC.brigg-
sae.Inthisgroup,Sca-CYNformedanancestralbranch,suggestingthatSca-CYNbranchedoffatanearly
stageoftheclusterdivergence.
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2.4Homologymodeling
ThestructuralhomologyofSca-CYNwasobtainedwithSWISS-MODELserverbasedonthecyclophilin

structureofC.elegans(PDBID:1dywA).BothSca-CYNandtemplatehaveeightβ-sheetsandtwohelixes
(seeFig.5ontheinsidebackcoveroftheissue).

  Notes:Numbersafterinternalbranchesindicatedtheposteriorprobability(%)for
eachbranch.GenBankaccessionnumber(upsidedown)was:Cbn-CYN7(Caenorhabditis
brenneri,EGT45232),Cre-CYN7protein (Caenorhabditisremanei,EFO99944),Cel-
CYN3(C.elegans,NP_506751),Cbr-CYN3(C.briggsae,CAP35999),Sca-CYN (S.
carpocapsae,ABI18377),Asu-CYN3(Ascarissuum,ERG84468),Llo-CYN3(Loaloa,

EJD75189),Bma-CYN3(Brugiamalayi,EDP30282),Gsp-CYN2 (Gnathostomaspini-
gerum,ACX47902),Dim-CYN2(Dirofilariaimmitis,AAC47232),Bma-CYN2(B.ma-
layi,EDP28522),Wba-CYN2(Wuchereriabancrofti,EJW85904)andPtr-CYN (Populus
trichocarpa,EEE87691).

Fig.4 PhylogenetictreeofSca-CYNwiththeothernematodecyclophilins
inferredbyBayesianmethodusingPopulustrichocarpacyclophilinastheoutgroup

3Discussion
Inthisstudy,thefulllengthcDNA

encodingcyclophilinwasclonedbased
ontheESTsequencesinSSHlibraryof
S.carpocapsae.Sequenceanalysisshowed
thatitwasasinglePPIasedomainwiththe
typicalsignature of cyclophilin family.
BLASTanalysisrevealedthatSca-CYNhas
highidentitywithmanycyclophilinsfrom
nematodes,insect,plantandotherorgan-
isms.

BioinformaticanalysisshowedthatSca-
CYNgenewasanorthologuesofC.elegans
CYN3.TheclusteringofSca-CYNwithor-
thologuesin other nematode species
providedcluestopotentialrolesofthese
proteins.TheresultshowedthatSca-
CYNwasgroupedwithCYN3ofanimal
parasite nematode C.briggsae,C.
remanelandfreelivingnematodeC.el-
egans,andformedanancestralbranch,

suggestingthatSca-CYNbranchedoffatanearlystageoftheclusterdivergence.C.elegansCyn-3encodesa
cyclophilinAisoformandisnotdetectedforpeptidyl-prolylisomeraseactivityinvitro[16].Sequenceanalysis
showedthatitisverysimilartoCYN-3andcloselyresemblestheprototypicalhCypA,andisthereforelikelyto
beamemberofthecytosolicCsA-bindingcyclophilinsubfamily.CYN-3wasrequiredforembryonicviabilityin
onesetofmassRNAiassays[17].Therewasgrowingevidencethatpathogenecyclophilins,inparticularhomo-
logsofhCypA,playaroleintheinfectionofbothplantandanimalhosts[18-19].TheexpressionpatternofSca-
CYNduringthedevelopmentandintheinducednematodesrevealeditsimportantroleduringthewholelifecy-
clesorinthehost-parasiteinteractionprocesses.Inaddition,thecyctosollocalizationsuggestedthatSca-CYN
islikelytochaperoneorhelpthefoldingofcytoplasmicproteins.Ourresultsprovidedaframeworkforfuture
studiesofthefunctionofcyclophilinsintheentomopathogenicnematodes.
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动物科学

昆虫致病性斯氏线虫亲环素基因的克隆、特征及表达分析

郝友进,付丹影,何正波,陈 斌
(重庆师范大学 生命科学学院 昆虫与分子生物学研究所,重庆401331)

摘要:亲环蛋白(Cyclophilin)广泛存在于原核和真核生物中,在进化过程中结构保守,多数具有肽基脯氨酰基顺反异构酶活性。本

文在斯氏线虫(Steinernemacarpocapsae)差减杂交分析的基础上,克隆一个亲环蛋白基因(Sca-CYN)。该胞质蛋白有171个氨基

酸组成,分子量约为16.2kD,等电点约为6.89。BLAST分析表明,Sca-CYN蛋白与线虫、昆虫及其它生物亲环蛋白的序列一致性

达75%~89%。基因表达分析显示该基因在寄生初期就上调表达。序列比较及进化标记分析发现Sca-CYN为秀丽隐杆线虫亲环

蛋白3的直系同源蛋白。同源建模分析显示该蛋白具有亲环蛋白的经典三维结构。系统发育分析结果表明该蛋白在进化早期与

其同源基因分离。研究结果为进一步研究该基因功能及探讨线虫亲环蛋白基因家族的分子进化提供基础。
关键词:昆虫致病性线虫;亲环蛋白;生物信息学;斯氏线虫
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