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摘要:潮间带滩涂是江苏省海岸线的重要特征,腹足类、双壳贝类海洋生物资源丰富。该文基于shotgun蛋白质鉴定技术研

究江苏省吕四港地区主要贝类的蛋白质组成。采用nano􀆼LCMS/MS技术从9种贝类生物中共鉴定了265个蛋白质,其中角

螺中鉴定的蛋白质最多(105个),从毛蚶中鉴定的蛋白质最少(39个)。这些蛋白质以细胞骨架蛋白为主,如微管蛋白、肌动蛋

白、原肌球蛋白、肌球蛋白重链及组蛋白;另外还鉴定出核糖体蛋白、精氨酸激酶、ATP合成酶、延伸因子、热休克蛋白等。采

用PCA分析法将蛋白质按照细胞成分与分子功能进行统计分析,结果表明缢蛏、泥螺与角螺的蛋白质组成相似,而竹蛏、文

蛤、杂色蛤和四角蛤蜊的蛋白质组成相似。Heatmap和聚类分析结果表明,杂色蛤和西施舌被聚为一类,而缢蛏、泥螺、角螺、

文蛤、毛蚶和四角蛤蜊被聚为另一类,竹蛏与这两类距离较远。该文研究建立了江苏沿海潮间带主要贝类中蛋白质组成特点

比较分析的方法,有利于江苏沿海贝类资源开发利用。
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ProteomicProfilinginShellfishFromLüsiAquacultureintheIntertidalZoneAreaoftheJiangsuProvince
SHENGNai􀆼juan WANGQian WUTi􀆼zhi CHENXiao􀆼yu LIXiao􀆼fang LIURui* WUHao

 JiangsuKeyLaboratoryofResearchandDevelopmentinMarineBio􀆼resourcePharmaceutics JiangsuCollaborativeInno-
vationCenterofChineseMedicinalResourcesIndustrialization NationalandLocalCollaborativeEngineeringCenterof
ChineseMedicinalResourcesIndustrializationandFormulaeInnovativeMedicine NanjingUniversityofChineseMedicine 
Nanjing 210023 China 

ABSTRACT Jiangsuprovinceisrichinintertidalmarineresources especiallygastropodandbivalveshellfish Inthisstudy 
weperformedshotgunproteomicanalysisonshellfishfromLüsi Jiangsutoidentifyproteincontent Intotal 265proteins
wereidentifiedinninespeciesofshellfishusingnanoLC􀆼MS MS Thehighestnumberofproteinswereidentifiedinthegastro-

podHemifusustuba HF  105proteins  whereasthebivalveScapharcasubcrenata SSC producedthefewest 39pro-
teins  Themostabundantproteinsareconstituentsofcytoskeleton includingactin tubulin tropomyosin myosinheavy
chain aswellashistoneproteins Additionalproteinswerealsoidentified includingribosomalproteins enzymessuchasargi-
ninekinaseandATPsynthase andhousekeepingproteinssuchaselongationfactorandheatshockprotein Proteinswereclas-
sifiedbasedoncellularcomponentsandmolecularfunctionusingtheprincipalcomponentanalysis PCA  ResultsofPCAa-
nalysisrevealedthatSinonovaculaconstrzcta SC  Bullactaexarata BE andHemifusustuba HF showedsimilarprotein

profiles whileSolenstrictus SS  Meretrixmeretrix MM  Ruditapesphilippinarum RP  andMactraveneriformis

 MV alsoshowedsimilarproteinprofiles HierarchicalclusteringresultsofheatmapstudiesshowedthatRPandMactraan-
tiquate MA wereclassifiedintoonegroup SC BE HF MM SSC andMVwereclassifiedintoanothergroup SSshowed
thefurthestdistancefromthisgroup Weestablishedamethodforanalyzingandcharacterizingtheproteincompositioncharac-
teristicsofpredominantshellfishspeciesinJiangsuprovidence􀆶sintertidalzonearea whichprovidesbasicdataforthedevelop-
mentofshellfishresources 
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  Jiangsuisacoastalprovince locatedinthenorthernlat-
itude 30°45'to35°20' oftheeastcoastofChina Thetotal
areaofintertidalzonehabitatintheJiangsuprovinceisap-

proximately6580km2 Thisintertidalzoneoccupiesroughly
aquarteroftheentireintertidalzoneareaofChina Itisa
suitablemarineenvironmentforshellfishtogrowandhas
beenwidelyusedinaquacultureproduction Accordingtothe

ChinaFisheryStatisticsYearBookof2015 thetotalyield
ofseawateraquacultureproductsinJiangsuwas18 13mil-
liontonsin2014 Ofthattotalyield shellfishrepresentthe
mainaquacultureproductinJiangsu Thisaccountsforap-

proximately68 3% ofthetotalcommercialseawateraqua-
cultureindustry 

Usedasbothfoodandmedicine shellfishhavebeenin-

cludedintherecordsofChinesemateriamedicaforthou-
sandsofyears Forexample Meretrixmeretrix Linnaeus

 MM  theedibleclam wasfirstdocumentedinShennong
BencaoJing about200B C -200A D   andthebivalve
Mactraveneriformis MV wasfirstdocumentedtohave
medicinaluseinBencaojingjizhu about480-498A D   
Recently studieshaveshownthatconsumingshellfishpro-
motesimmuneregulation producesanticoagulantproper-
ties andprotectsthevascularsystem 1􀆼2  Chemicalanalysis
hasshownthatshellfisharerichinnutrientssuchaspro-

teins polysaccharides andnucleosides 3􀆼5  Investigations
alsoshowedthatpurifiedpolysaccharidesofMVwerepoly-
merizedbyD􀆼glucose 5  Thecontentofnucleosidesandnu-
cleotidebasesinJiangsushellfishchangedduringdifferent

harvesttimes 3 6􀆼7  Enzymaticpeptideswithantioxidantac-
tivityandACEinhibitoryactivityhavebeenidentified 4 8  
However proteomicprofilingofshellfishislackinginthe
literature butaltogethernecessaryforacomprehensiveanal-

ysisofproteinsinshellfish Thisinformationwouldbees-
sentialregardingthequalityandquantityofnutrientsinthese
commerciallyimportantmarinespecies 

Inthepresentstudy theproteomicprofilesofshellfish
fromtheJiangsuLüsiintertidalzoneareawereinvestigated
bynano􀆼LC MS MS Theproteomicresultsrevealedthe

compositioncharacteristicsofprominentshellfishspecies

growninJiangsuintertidalzoneaquaculture 
1 Materialsandmethods

1 1 Samplesandproteinextraction
ShellfishsampleswerecollectedfromLüsi'saquaculture

region Lüsiisthebestshellfish􀆼producingareaintheJiang-
suprovince Specimensofshellfishwereidentifiedforspe-

ciesidentificationbyProfessorXiheWan InstituteofOcean-

ologyandMarineFisheries Jiangsu  Aftercollection sam-

pleswerestarvedinanaquariumfor24htoevacuatetheir

gutcontents Subsequently internaltissuewasexcavated

fromtheshellandstoredat-20℃ Thetissuewasdriedat

50℃for3days andthenpowdered Detailedinformationof

shellfishusedinthisstudyisshowninFigure1andTable1 

CollectionregionsareshowninFigure2 

Figure1 Picturesofshellfishsamples

Figure2 Locationinformationofshellfishsamplescollection

Table1 Summaryofthetestedsamplesofshellfishes

No Species Collectionregion
1 Solenstrictus SS 
2 Sinonovaculaconstrzcta SC 
3 Bullactaexarata BE 
4 Hemifusustuba HF Lüsi Nantong Jiangsu
5 Meretrixmeretrix MM N31°59'12'' E121°40'58''
6Ruditapesphilippinarum RP 
7 Scapharcasubcrenata SSC 
8 Mactraveneriformis MV 
9 Mactraantiquate MA 

  20mgofshellfishpowderwasimmersedin4mLof2%

sodiumdodecylsulfate 50mmol Lsodiumphosphate pH

7 8  20mmol Ldithiothreitol DTT andincubatedover-

nightat65℃ Then aliquotsofthesolubleextractwerein-

cubatedatroomtemperatureforanadditional0 5hfollow-

ingtheadditionof40mmol Liodoacetamide Proteinswere

precipitatedfromthesolubleextractbyadditionofthreevol-
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umesofethanol Proteinsampleswererinsedwith70%eth-
anol thenwithfreshlyprepared0 1mol Lammoniumbi-
carbonate andwerefinallyresuspendedinfresh0 1mol L
ammoniumbicarbonateadjustedto2mol Lurea Toeach
suspension bovineL􀆼1􀆼tosylamido􀆼2􀆼phenylethylchlorom-

ethylketone􀆼treatedtrypsin Worthington Lakewood CO 
USA wasaddedto1% w v  After6-8hat37℃ sam-

pleswerestirredovernightatroomtemperature 
1 2 ProteinidentificationusingnanoLC􀆼MS MS

AsplitlessUltra1DPlus Eksigent Dublin CA USA 
systemwascoupledwiththeTripleTOF5600usingaNano-
sprayIIIsource ABSCIEX Concord ON CA  Nano􀆼LC

gradientsweredeliveredat300nL min BufferAwas2%

acetonitrileand0 1%formicacid bufferBwas98%aceto-
nitrileand0 1%formicacid Thenano􀆼LCgradientprogram
deliveredanacetonitrilegradientover60min 5%-30%
bufferBover40min 30%-60%bufferBover6min 60%

-90%bufferBover3min holdbufferBat90%for5min 
and90%-5% Bin6min  Peptideswereseparatedona
fusedsilicacapillaryemitter innerdiameter 75μm New
Objective Woburn MA USA packedin􀆼housewith5μm

C18resin NewObjective  PositiveionMSandsequential

precursorionfragmentationacquisitionswerecarriedoutona
TripleTOF5600System ABSCIEX Concord ON USA 
controlledwithAnalystTF1 6softwarewith MS MSALL

modeactivatedtocarryouttheseriesofproductionscans

definedbythemassrangefromm z200-2000atanaccu-
mulationtimeof300ms Heliumwasusedasthecollision

gasforcollision􀆼induceddissociation CID  andcollisionen-
ergyforeachMS MSstepwas 50±30 eV 

Allrawdatafiles * wiff werecollectivelysearched
usingProteinPilotSoftwarev4 1 ABSCIEX FosterCity 
CA USA againsttheMollusca_uniprot􀆼taxonomy_6447da-
tabase downloadsonMarch15th 2013  Spectrawerealso

searchedagainstanequalnumberofdecoysequencestoesti-
matethefalsediscoveryrate FDR oftheintegratedtoolsin
ProteinPilot Thespecifiedenzymewastrypsin Uptotwo
missedcleavageswerepermittedinthisstudy Oxidationof
methionine +15 9949 andacetylationoftheproteinN􀆼

terminus +42 0106 werespecifiedasvariablemodifica-
tionsandcarbamidomethylationofcysteine +57 0215 
wasspecifiedasafixedmodification Allotherparameters
weredefaultsettings includingafragmentiontoleranceof

0 5Daandamaximumprecursoriontoleranceof6ppmaf-
terrecalibration Identifiedpeptideswerefilteredtocuratea
datasetwithanFDRoflessthan1%atboththepeptideand

proteinlevels Proteinidentificationswereacceptedifthe

probabilitywasover90% asassignedbytheProteinProph-
etalgorithm andincludedatleasttwoidentifiedpeptides 
1 3 Ontologyanalysisofidentifiedproteinsandstatistical
analysis

GInumbersofidentifiedproteinswerematchedtothe

UniProtKBdatabase www uniprot org toobtainGeneOn-
tology GO annotationusingthemolecularfunctionsand
cellularcomponentcategories Datafromeachsamplewere
analyzedseparately Hierarchicalclusteringand principal

componentanalysis PCA wereperformedusingSPSS16 0
andSimca􀆼P 
2 Resultsanddiscussion
2 1 Proteinidentification

Inthisstudy 265proteinswereidentifiedinSolen
strictus SS  Sinonovaculaconstrzcta SC  Bullactaex-
arata BE  Hemifusustuba HF  MM Ruditapesphil-
ippinarum RP  Scapharcasubcrenata SSC  MV and
Mactraantiquate MA accordingtotheirMS MSspectrum
usingthenano􀆼LCMS MSapproach Thehighestnumberof

proteinswasidentifiedinHF 105proteins  whileSSCpro-
ducedthefewest 39proteins  Mostidentifiedproteins in-

cludingactin tubulin tropomyosin myosinheavychain 
werestructuralconstituentsofcytoskeletonorinvolvedin
motility Myosinheavychainisrequiredforthefunctionof
myosin andtropomyosinbindstoactintoregulatetheinter-

actionbetweenmyosinandactinfilaments 9  Someother

proteins suchasargininekinase ATPsynthase elongation
factor heatshockprotein HSP  fructose􀆼bisphosphateal-
dolase andribosomalproteinwerealsoidentified These

proteinsareinvolvedinbinding cellularmetabolismandma-

intenance orincludedinstructuralcomponentsoftheribo-
some ArgininekinaseandATPsynthaseareenzymesthat

phosphorylateADP restoringcellularATPlevelsforenergy
productionandstorage 10  HSPisinvolvedincellularsta-

bility triggeredbyvariousenvironmentalstressconditions
 11  ElevatedcellularlevelsofHSPcanpreventtheaggrega-
tionofstress􀆼damageproteinstostrengthenstresstolerance
inorganisms 12  Ribosomalproteinsarethecomponentsof
theribosomalsubunitsthatinvolvedinthecellularprocessof

translationinconjunctionwithrRNA 
GOanalysisindicatedthatmanyoftheidentifiedpro-

teinswererelatedtothecytoskeletalproteinmyosin 9 8%
-13 3% orotherenzymesinthecytoplasm 5 3%-11 

5%  Manyoftheidentifiedproteinswererelatedtobinding
activity 46 9%-56 7% inmolecularfunctionanalysis 
Theseresultssuggestthatmostproteinsinshellfishfunction
incytoskeleton cellmotility metabolicstability energy
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storage andproteinssynthesis 
2 2 Functionalclassificationofproteomeprofiles

InthecaseofSS 53proteinswereidentified among
whichapproximately40% wereanalyzedasknowncellular
components AsshowninFigure3 themajorityofthese

proteinswerelocatedascomponentsofthemyosincomplex

 eightproteins  nucleus fiveproteins  cytoplasm four

proteins  nucleosome fourproteins  enzymecomplex

 threeproteins  andcytoskeleton twoproteins  Among
theidentifiedproteinsinmolecularfunctionanalysis over
48% wereassignedtobindingactivity andothergroupsin-
cludedthosewithkinaseactivity sixproteins  motoractiv-
ity sixproteins  GTPaseactivity sixproteins  cytoskele-
talactivity fiveproteins  ATPaseactivity fiveproteins  
hydrataseactivity twoproteins  elongationfactoractivity
 twoproteins  andATPsynthaseactivity twoproteins  
Thecellularcomponentsandmolecularfunctionsofproteins
identifiedintheothereightshellfishesweresimilarlyas-
signed 

Note Proteinset A wasclassifiedaccordingtocellularcomponents 

while B wasclassifiedaccordingtomolecularfunction

Figure3 GeneOntologyanalysisofidentified

proteinsofSolenstrictus
PCAofcellularcomponentsreducedninecategoriesinto

threeprincipalcomponents PC1 PC2andPC3 accounting
formorethan80%oftheentirevariance Figure4A  Based
oncellularcomponents SS MM RP SSC andMVwere
classifiedintoonegroup whileSC BE HF andMAwere
classifiedintoanothergroup Thissuggeststhatthebivalve
shellfishspecies SS MM RP SSC andMVshowedsimi-
larproteinprofilesatthelevelofproteincellularcompo-
nents Furthermore PCAofthemolecularfunctionreduced
tencategoriesintothreeprincipalcomponents PC1 PC2
andPC3 accountingfor> 76% ofthevariance Figure
4B  SC BE HF andSSCwereclassifiedintoonegroup 
whileSS MM RP MVandMAwereclassifiedintoanoth-

ergroup AccordingtoPCA inbothlevelsofproteincellu-

larcomponentsandmolecularfunctions BEandHFshowed

similarproteinprofiles andSS MM RP and MValso

showedsimilarproteinprofiles 

Note Samplesin A wereclassifiedaccordingtocellularcomponents 

 B wereclassifiedaccordingtomolecularfunction

Figure4 Principalcomponentanalysisofshellfishbasedon

theGOanalysis

Furthermore asshowninFigure5 actin myosin tu-

bulin histone andfilaminwereidentifiedineachshellfish

sample AccordingtotheUnusedProtScoreofidentifiedpro-

teins aheatmapofproteincompositionsineachshellfish

samplewasestablished UnusedProtScorereflectsthea-

mountofuniquepeptidesrelatedtotheidentifiedproteins 

Hierarchicalclusteringofdifferentiallyproteinswasbasedon

UnusedProtScoreofeachprotein Hierarchicalclusteringre-

sultsofnineshellfishsamplesshowedthatRPandMAcould

beclassifiedintoonegroup whileSC BE HF MMSSC

andMVcouldbeclassifiedintoadifferentgroup SSshowed

thefurthestdistancefromthisgroup Asshownintheheat

map actin myosin histone andfilaminwerecommonpro-

teinsinthenineshellfishwithdifferentUnusedProtScore 

3 Conclusion

Inthisstudy proteinsfromnineshellfishwereidenti-

fiedusingthenano􀆼LCMS MStechnique Proteincomposi-

tionofthepredominantshellfishspeciesoftheJiangsuinter-

tidalzoneareawaselucidated SC BE andHFshowedsim-

ilarproteinprofiles whileSS MM RP and MValso

showedasimilarproteinprofile Ourstudyshowsthatthe

majorproteinsinshellfishareinvolvedinmotility glycol􀆼

metabolism andaminoacidssynthesis indicatingthebioac-

tiveandnutritionalvalueinshellfishfromJiangsu acom-

merciallyimportantregion 
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Figure5 HeatmapsaccordingtotheUnusedProtScoreof
identifiedproteins
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