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1 Introduction
Immunotheraphyof cancerhasbeenof interestfor long but therearestill someproblems
to overcomebeforeit canbeusedin routinepreparativetreatments.Betterunderstanding
of antigenprocessingandpresentation,aswell asrecentadvancesin identificationof new
tumorantigenshaspavedtheway for developmentof novelandspecificvaccines
includingpeptide� basedvaccines.Of primaryinterestaretissue� specificgeneproductsas
well astheseexpressedor over� expressedin tumorcellsbutnot in normaltissue. The
aimof this projectwasto investigatewhetherit is possibleto extractMHC classI
specificpeptidesfrom tumorcellsandin a high� throughputmodeidentify thesepeptides
by useof massspectrometrytechniques.Peptidesextractedfrom threedifferenttumor�

cell lineswereanalyzed.Candidateswerealsosearchedfor by usingtheprogram
SYFPEITHI,whichhavea functionto predictMHC � bindingmotifs from agiven
sequence.Themassesof thepredictedpeptideswerecalculatedandcomparedto these
obtainedin massspectrarunon extractedpeptides.Peptideswith massesmatchingthese
predictedby SYFPEITHIwerefurtheranalyzedby tandemmassspectrometry(MS/MS)
for determinationof their sequence.In orderto validatethesystem,peptideswith known
massandsequencewerealsoanalyzed.Thisapproach,combiningimmunology
knowledge,bioinformatics,andmassspectrometryto identify potentiallyMHC I (or
MHC II) peptidescanprovideapowerfultool in thedevelopmentof newvaccines.If
optimized,it mayallow rapidscreeningof a largenumberof peptides,including
detectionof low abundancepeptides.This identificationof peptidesis basedon the
naturalpresentationof digestedtumor� cell proteinswithout takinginto accountthe
immunogenicityof th peptides.Therefore,onceapeptideis identifiedasa potential
vaccinecandidate,this peptidewill besynthesizedandtestedin � vivo on mice.However,
theadvantagegainedin thisapproachis thedecreasednumberof peptidesthatneedto be
tested.An overviewof themainstepsto beperformedin this approachis presentedin
figure1.
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Figure1. A shematicpictureshowingtheplannedprocedurefrom growingof tumor� cells
to injectionon mice.

2 Background
Theimmunesystemhasevolvedacomplexnetworkof cellsandorgansin orderto to
protecttheindividual againstforeigninvaders.It hastheability to distinguishbetween
selfandnon� selfandtheeffectivespecificimmunesystemis basedon theproductionof
memorycells,which providea fastresponsein caseof a secondinfection.Thisallows
vaccinetreatmentsto besuccessful,sincetheseinducea responsethatshouldbeweak
not to causeillness,butsufficientto generatememorycells.Traditionalvaccinescontain
live, attenuatedor whole,inactivatedmicrobialorganismsor antigenicsubunitsof these
pathogens.Thedesignof newvaccineshasturnedtowardssubunitor recombinant
vaccinesthatcontainsonly thecomponentsnecessaryto inducea specificimmune
response.

2.1 Antigene processing and presentation
Major histocompatibilitycomplex(MHC) moleculesareheterodimericglycoproteinsthat
are importantin thecell	 mediatedimmuneresponse.Theypresentahighly diversesetof
peptideson thesurfaceof acell andinduceT 
 cell activation.Proteinsexpressedin the
cell arecontinuallydegradedby theproteasomecomplexto bereusedin newsynthesis.
Peptidespresentedby theMHC classI moleculesaremainlygeneratedin thecytoplasm
of thecell throughthesocalledcytosolicpathway.Peptidesthatundergocomplete
degradationaretransportedby TAP proteins(TransportersAssociatedwith antigen
Processing)into theroughendoplasmaticreticulumwhere8� to 10� residuepeptidesare
boundby MHC classI molecules.Bindingof thepeptideto MHC stabilizethemolecule
andenablestransportof thecomplexto thecell surface(figure2). This peptidedriven
mechanismpreventsemptyMHC moleculesto betransportedto thesurfacewherethey
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otherwisemight bindextracellularpeptides.Non� self peptidesboundto MHC classI
proteinsarerecognizedby cytotoxicT � cellsleadingto eliminationof cellsproducing
viral or mutantproteins[1, 2].

a) b)

Figure2. a)Theproteinis clevedinto shortpeptidefragmentsby theproteasome.Thepeptidesare
transportedby theTAP complexinto theendoplasmaticreticulumwheretheybind to MHC classI
molecules.Thecomplexis transportedvia the theGolgi apparatusto thecell surfacewheretheyare
presentedto T 
 cells.Imagetakenfrom PeterCresswell,Yale University.http://info.med.yale.
edu/immuno/fac_cresswell.html
b) A shematicpictureshowingthecellsandmoleculesinvolvedin thepresentationof MHC classI
peptides.Imagetakenfrom http://www.ultranet.com/~jkimball/BiologyPages/H/HLA.
html#Class_I_Histocompatibility_Molecules

MHC classI moleculesarefoundin almostall cell typespresentantigensto cytotoxicT �

cells(CD8+)whereasMHC classII moleculesarelimited to antigen� presentingcells
(APCs)presentantigensto T � helpercells(CD4+).In additionto theCD4 andCD8
receptors(which bind theMHC molecule)theT � cellshavereceptorsto detectforeign
antigens.TheseT � cell receptors(TCRs)bind antigensonly whentheyarepresentedby
MHC molecules.EachT � cell expressnumerousbut uniqueTCRson its cell surface,and
aTCR canonly bind onespecificantigen.

In humans,MHC classI genecontainsthreedifferentloci, A, B andC, andtheencoded
proteinsaredesignatedHLA � A, HLA � B, andHLA � C (for HumanLeukocyteAntigen).In
mice,thecorrespondingloci areK andD andtheencodedproteinsarecalledH2K and
H2D (for Histocompatibility� 2). Furthernumbersor lettersareusedto specifythe
haplotypesof individuals[1].
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2.2 Epitop prediction
In orderto designbettertherapeuticagentsfor infectiousandautoimmunediseasesit is
helpful to predictwhich peptidecanbind to MHC moleculesandandto understandtheir
modeof binding.MHC classI associatedpeptidesbind non� specificthroughtheirN � and
C� terminalresiduesto theMHC groove.Therearealsospecificinteractionsbetween
side� chainsandherecertainanchorresidueshavebeenidentified.Theseresiduesneed
not to beidenticalbut related.Theydiffer for peptidesbindingdifferentMHC � typesbut
aresimilar for all peptidesbindingthesameMHC � type[1]. If theepitope,herereferred
to theantigento which theMHC moleculebindsandwhicharepresentedto T � cells,can
bepredicted,thenthenumberof antigenslikely to causeinfectioncanbereduced.
Computeralgorithmsfor suchpredictionshavebeendevelopedandthesemighthelpin
identificationof vaccinecandidates.However,theprogramsup� to� datearelimited by a
numberof factorsincludingpredicationsbasedon peptidelibrariesderivedonly from
knownproteinantigens.This limits thenumberof MHC � typesthatcanbesignificantly
usedfor theprediction.Becauseof thedifficulty to obtainsufficientexperimentaldata
thereis a needto developcomputationalmodelsof propertiesconcernedwith the
interactionsbetweenthepeptidesandMHC. For instance,applyingartificial neural
network(ANN) basedprogramswould reducethenumberof laboratoryexperiments
neededto elucidatetherulesunderlyingthebinding.

2.2.1 The SYFPEITHI database
In thisprojecttheSYFPEITHIdatabasefreelyavailableathttp://www.uni� tuebingen.
de/uni/kxi/wasused.Thisdatabasecontainsapproximately2000peptidesequences
reportedfor human,mouse,ratape,cattleandchickenMHC classI andII types,taken
from publisheddata.As for MHC I epitope� predictionfunction,only allelesfor which a
largeamountof datais availableareincluded.This to increasethereliability which
shouldbeat least80%in retrievingthemostaptepitope.A naturallypresentedepitopeis
expectedto appearamongthetop2% high� scoredpeptidesin morethan90%of the
predictions.To� datethereliability for MHC classII peptidesarelower (about50 %) due
to highervariability in thepocket� bindingproperties.Thescoringsystemis basedon
whichaminoacidsarepresentat eachposition,themostimportantbeingtheanchorand
auxiliaryanchorpositions[3].

2.3 Mass spectrometry
During thepastyearsmuchprogresshavebeenmadein thedevelopmentof newmass
spectrometrytechniquessuitablefor analysisof biomolecules.Themainsuccesscanbe
describedthedevelopmentof novelionizationtechniqueswhichhavemadepossible
transferof biomoleculesfrom theliquid phaseto thegasphase.Massspectrometryis a
powerfultool sincedeterminationof themolecularweightis madeto a highdegreeof
accuracy(~0.01� 0.001%)andsensitivity(detectionin therange10� 9

� 10� 18 mol) [4].

A massspectrometerconsistsof threemajorcomponents:anionizationsource,amass
analyzeranda detector.Themassanalyzerseparatestheionsproducedin thesource
regionbasedon theirmass� to� chargeratio (m/z).Theion detectionsystemamplifiesthe
ion currentsignaltypically by anelectronmultiplier.
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2.3.1 The Ionization Process
Compoundscanonly beanalyzedin thegasphase,eitherasnegatively� or positively�

chargedions,whicharegeneratedby lossor gainof a charge. In peptide analysisthis
typically occursvia lossor gainof a proton([M � H] � , [M+H] +). Theionizationof the
samplecanbeachievedin a numberof ways.Themostcommonlyusedtechniquesin
peptideanalysisis ElectrosprayIonization(ESI) andMatrix � AssistedLaserDesorption
Ionization(MALDI). Thesearereferredto as"soft" ionizationtechniquesin thesence
thattheionizationprocesscantakeplacewithout inducingfragmentationof thepeptides.

In thecaseof ESI gas� phaseionsaregeneratedfrom moleculesin solution.Thesampleis
passedthrougha capillarytubeandhighly chargeddropletsareproducedby applyinga
strongelectricfield to theendof thetube.As thesampleflow througha slightly heated
vacuumchambersolventevaporatesfrom thedropletscausinganincreasein the
electricalchargedensityat thesurface.At a critical point (theRayleighinstability limit)
theelectrostaticrepulsionovercomesthesurfacetensionandforcesadropletto divide
into smallerdroplets.Thefinal resultis a singlyor multiply protonatedions(depending
on thesizeof thepeptideaswell asnumberof basicaminoacids)which areaccelerated
by electricfields towardsthemassanalyzer[5].

In MALDI gas� phaseionsaregeneratedfrom asolid phase.Theprincipleof MALDI is
basedonall moleculesnaturallypossessingrotational,vibrationalandelectronicenergy
(if in a liquid or in a gasevenkineticenergy).If energyis suppliedin a largeamountover
ashortperiodof time theenergycannotbedissipatedto thesurroundingfastenough.
Therefore,this increaseof internalenergycausesvibrationalandrotationalenergyto turn
into translationalenergyleadingto melting,vaporizationandsomeionization.The
energysourcein MALDI is a laserbeamwhich by focusingcandeposita largedensityof
energyinto a smallspace.However,for a substanceto absorba specificenergyit must
havea matchingabsorptionspectra[6]. Therefore,thecompoundto beanalyzedis mixed
andco crystallizedwith a photoactivematrix thatabsorbslight at thelaserwavelength
used.Matrix shouldbepresentin excessin orderto isolateindividual analytemolecules.
Theexactmechanismbehindprotonationof theanalytemoleculehasbeendebated,but
aremostlikely formedin thegasphaseby transferof protonsfrom protonisedmatrix
moleculesto neutralanalytespecies.Thematrix is protonatedthroughphoto! ionisationof
highly excitedmatrixmoleculesforming radicalions.Whentheseinteractswith neutral
matrixmoleculesprotonatedmatrixmoleculesandneutralmatrix radicalsareformed[5].
Multiply chargedanalyteionsarepreventedbecauseof proton! transferreactionswith
reactivematrixmoleculesandcaptureof freeelectrons.For moleculeslessthan10,000
Da,a" cyano" 4" hydroxycinnamicacidis commonlyusedasmatrixmaterial.

Onemajoradvantageof ESIoverMALDI is thata liquid " chromatographcanbedirectly
coupledto theESI interphaseenablingon" line separationof thesample(LC " MS).
Besidesthatpeptidesarebeingseparatedtheyalsobecomeconcentrated,thusimproving
thelevel of sensitivity.In ESImultiply chargedionsaregeneratedwhich makepossible
accuratemassmeasurements.However,this increasesthecomplexityof thespectrumand
complicatestheinterpretation,especiallyif a mix of manydifferentpeptidesis being
analyzed.In this caseMALDI, whichmainly generatessingly chargedions,mightbe
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preferable.MALDI is alsolesssensitivefor salts.

2.3.2 The Mass Analyzer
Variouscombinationsof ionizationsourceswith massanalyzersarepossible.However,
ESI is commonlycoupledto anion# trapor a quadropoltime# of # flight (TOF)analyzer
andMALDI is oftenusedin combinationwith a TOF analyzer.Eachmassanalyzerhas
its own specialcharacteristicsandherewill begivenonly a brief overviewof the
differentanalyzersusedin this project.

Theion$ trap analyzer worksby isolatingselectedionsin aconfinedregionof space
which is thenmanipulatedby usingaradiofrequencyelectricfield (RF). Ionsaresorted
by changingthefield conditionsto destabilizeionsof a particularmasswhich will then
leavethetrapandbecollectedby thedetector.
In aquadropol instrument,electricfieldsareusedto separateionsastheypassalongthe
centralaxisof four parallel,equidistantrodswhichhavestatic(DC) andradiofrequency
(RF)voltagesappliedto them.Thestrangeandthefrequencyof theelectricfield is
changedsothatonly ionsof selectedmass/massescanbetransmitted,othersaredeflected
to striketherods.

A time % of % flight analyzerseparateionsgiventheequivalentkinetic energyon thebasis
of mass.Lighter ionswill havea highervelocity thanheavieronesandwill therefore
reachthedetectorsooner.

2.3.3 Peptide Fragmentation
Tandemmassspectrometry(MS/MS)canbeusedto gaininformationaboutthepeptide
sequence.A specificmolecularmassis selectedandsubjectedto collision& induced&

dissociation(CID) generatedby bombardmentwith aninertgas.Whatfragmentsions
thatwill appearis dependenton factorsasprimarysequence,chargestate, theamountof
internalenergy,howtheenergywasintroducedetc.For a fragmentto bedetectedit
needsto carryat leastonechargeandtheresultingionsareclassifiedaccordingto where
thechargeis retained.If it appearson theN ' terminalfragmentfragmentsaredesignated
aseithera,b or c ionsandif it appearson theC' terminalfragmentaseitherx, y or z ions
dependingon thebondcleaved(figure 3). Also internalions,resultingfrom double
backbonecleavage,canappear.In additionto theformationof theaboveions,lossesof
H2O andNH3 areverycommon.In low energyCID a,b andy ionsarethemostabundant
fragmentions,whereasin highenergyCID all of theaboveionsaregenerated[5]. Ona
MALDI ( TOF systemfragmentationis achievedby post) source) decay(PSD)and
optionallyin combinationwith CID. Sincetherulesfor fragmentationof peptidesare
quitecomplexthereis a needfor computerprogramsto helpto interpretMS/MS spectra.
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Figure3. Ion seriesnomenclaturefirst proposedby RoepstorffandFohlman(1984)andlatermodifiedby
Biemann(1988)[5].

2.3.4 LC * MC
Theanalysisof complexsamplesolutionsis preferentiallyaidedto someseparation
beforeappliedto themassspectrometer.This canbeperformedby usingreversed+ phase
highperformanceliquid chromatograph(HPLC) whichseparatepeptidesaccordingto
hydrophobicity.Thismethodis well suitedsinceit canbeinterfacedto anESI ion source
andtherebyallow onlineseparation(commonlyreferredto asLC/MS). Separationsin
reversed, phasechromatographyis basedon reversibleadsorptionof solutemolecules
with varyingdegreesof hydrophobicityto a hydrophobicstationaryphase.Elution is
achievedby increasingthepolarityof themobilephaseby addinganorganicsolvents,as
for instanceacetonitrile.In orderimprovepeaksharpness,ion- paringagentsas
trifluoraceticacid(TFA), formic acid,or aceticacidareoftenincluded.Theeffect is
likely dueto theability of theion- pairingagentto maskpositivechargedandpolar
groupson proteinsandpeptidesandtherebyenhanceinteractionwith thehydrophobic
reversed- phasesurface[7]. Columnsusedin reversed. phasechromatographyare
commonlypackedwith silica. matrixbeadswith coupledhydrophobicligands.

3 Methods
3.1 Growing and harvesting of cells
Threedifferentcell linesweregrown:HeLacells(isolatedin 1951from thepatient
HenriettaLacks)containingmultiplecopiesof thehumanpapillomavirustype18
(HPV. 18) responsiblefor causingcervicalcancer;Caov4a humanovarian/ cancercell
line; andB16/ B7 melanomamousecellsvisibly producingmelanincausingskin cancer.
Thetwo humansamplesareHLA / A2 specificandthemousesampleH2/ Kb specific.
Cellsweregrownuntil a densityof ~108 cells.Cell mediumwasremoved.1x Trypsin0

EDTA wasadded(coveringthebottom)andtheflask placedin 36.6°Cincubatoruntil
coloniesfloat off. Theflask wasrinsedwith PBS.Thesolutionwastransferedto a 500 ml
falcontubeandcentrifugedfor 5 min at 2000g. Thepelletwasresuspendedin PBS.
Cellswerecountedandcentrifugatedfor 5 min at2000g. Thepelletwasfrozen( 1 80°C)
or useddirectly for peptideextraction.
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3.2 Extraction of peptides
Two differentmethodswereappliedto extractthepeptides.First a "cell 1 stripping"
methodwasappliedto theHPV18sample.In this methodpeptidesaresimply eluted
from thesurfaceof thecells.Laterall threesamplesweresubjectedto
immunoprecipitationin which thepeptidesreactspecificallywith anantibodyandare
removedfrom thesolution.

3.2.1 Cell 2 stripping
HeLacellswerewashedthreetimesin 25 ml PBS.Strippingwasperformedby addition
of 20ml PBSadjustedto pH 2 by TFA andincubationfor 2 min at roomtemperature.
Thesamplewascentrifugedandthesupernatantsaved.

3.2.2 Immunoprecipitation
Cellswerelysedin 1 ml NP3 40 buffer (10mM tris buffer pH 7.8,150mM NaCl,5mM
MgCl, 1mM EDTA, 0,5%NP40,0.1%proteaseinhibitor cocktail)rotatingfor 30min at
4°C.Thesamplewasspunfor 10 min at 14,000rpm.To reducebackgroundthelysate
waspreclearedby addingof 5 ml NMS (NormalMouseSerum)and50 ml proteinA
sepharosebeadsperml of lysate,followedby incubationfor 60 min rotatingat 4°C.The
samplewasspunfor 10min at 14,000rpm.To thesupernatant20 ml BB7.2(HLA 4 A2
specific)or a4 8 (H24 Kb specific)antibodieswereaddedto thehumanandmousesamples
respectively.Incubationfor 60 min rotatingat 4°C wasfollowedby additionof 50 ml
proteinA sepharosebeadsandincubationfor additionally45min. Thesampleswere
spunfor 4 min at 14,000rpmandthepelletwashedtwice in cold NET5 buffer (150mM
NaCl,50 mM Tris pH 7.5,5 mM EDTA, 0.5% NP6 40).Thepelletsweresolvedin 200
ml dH2Owith 0.1% TFA. Thesampleswerespunfor 10min at14,000rpm.TheHPV18
samplewassubjectedto threeadditionalwashingstepsin orderto getrid of saltthat
interferewith theESI technique.Thesupernatantwasfiltered in MICRON 3K filters.

3.3 Prediction of MHC 7 binding peptides
Predictionof potentialHLA 8 2 andH28 Kb peptidesbindingto MHC classI molecules
wascarriedoutby usingtheSYFPEITHIdatabase(Ver 1.0)freelyavailableat http:
//www.uni8 tuebingen.de/uni/kxi/. Input sequencesweredownloadedfrom NCBI (http:
//www2.ncbi.nlm.nih.gov/).As for HPV18,for which thecompletegenomeis known,all
theencodingproteinsequences(64) couldbedownloadedfrom http://www.ncbi.nlm.
nih.gov:80/PMGifs/Genomes/vis.html).Regardingtheothertwo samplesmanual
searcheswereperformedin theNCBI proteindatabase.As for thehumanCaov4strain
thesearch"ovary AND homosapiens"generated806sequences,"ovarianAND cancer
AND homosapiens"235sequencesand"ovariancancerAND homosapiens"174
sequences.In ordernot to looseimportantdatathe806sequencesweredownloadedand
usedasinput for theSYFPEITHIepitopeprediction.In thecaseof themousemelanoma
cells154sequencesweredownloaded,generatedfrom thesearch"melanomaAND
mouse".

Forsimpleinput andextractingof relevantdataa perlprogram,epitoppred.pl, was
constructed(appendix1). It takesanyfile in FASTA format,extractsanID of each
proteinandpassesoneachsequenceto theSYFPEITHIepitopepredictor.Fromtheresult
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file all peptideswith ascoringequalto or higherthan20 areselected.For thesepeptides
themonoisotopic,the[M+2H]2+ andthe[M+3H]3+ massis calculatedaswell asthepI.
ThepI wascalculatedusingthepI/Mw tool providedby theExpasyMolecularBiology
serverof theSwissInstituteof Bioinformaticsfoundat http://www.expasy.ch/tools/.
Along with thepI it alsocalculatestheaveragemassof a peptideor proteinandto make
possiblecomparisonwith themonoisotopicmassthis averagemassis alsolistedin the
outputresultfile. Thegeneratedoutputfile containstheproteinID, thestartpositionof
thepeptidein theproteinsequence,theMHC allele,thepeptidesequence,thescoreand
themassesandpI asdescribedabove.Two differentoutputfiles arecreated:onesorted
accordingto scoringandonesortedaccordingto mass.

For thehumansamplesall HLA 9 A2 MHC allelesavailablein thedatabasewereselected
(HLA 9 A* 0201,HLA : A*0202, HLA : A* 0203)andpredictionperformedbothwith
nonamersanddecamers.For themousesampletheH2: Kb allelewasselectedand
predictionsperformedwith octamers.

3.4 Mass spectrometry performance
Threedifferentinstruments,anESI: LC : Q: ion trap,a MALDI : TOF andanESI: Q: TOF,
wereusedto collectMS andMS/MS spectraof theextractedpeptidemixturesandsingle
peptideswith knownsequences.

3.4.1 LC ; MS
Peptideswereanalyzedwith areversed< phaseHPLCsystemconnectedto anESI<

equippedquadrupoleion trapmassspectrometer(Thermo< Finnigan).A XTerraTM MS
C< 18column,beadsize3.5mmandwith thedimensions1.0x 100mm wasmainlyused
andwill bereferredto astheC= 18 column.(Initially a columnwith dimensions2.0x 150
mmwastried,andthis will bereferredto asC= 18*) 2 or 5 ml samplewereloadedon to
columnthroughaninjectionloop.Different solventsweretriedaswell asvarious
gradientsandflow rates:

1) SolventA: 4mM NH4Ac, adjustedto pH 3 with formic acid
SolventB: 2mM NH4Ac, 70%AcN, adjustedto pH 3 with formic acid

2) SolventA: 100%dH2O, 0.1%TFA
SolventB: 100%AcN, 0.1%TFA

3) SolventA: 100%dH2O, adjustedto pH 3 with aceticacid
SolventB: 100%AcN, adjustedto pH 3 aceticacid

Usuallylineargradientsfrom 0 to 100% B within 1> 100min wereapplied.Flow rates
werevariedbetween2 and500/min notexceedingthemaximumoperatingpressureof
400bar.Tuningwasmadewith thefollowing settings(previousoptimizedfor aknown
octapeptide):capillarytemp:185oC, capillaryvoltage:10V, tubelensoffset:15 V, spray
voltage5 kV andionswereanalyzedin positivemode.Thepeptideconcentrationsof the
mixedsampleswereunknownbutdifferentdilution seriesweretried.For knownpeptides
aconcentrationbetween1pmol/mland1nmol/mlwasanalyzed.

In MS/MS analysiscollision energiesbetween15? 35wereapplied,dependingon theease

9



in fragmentthepeptide.

3.4.2 MALDI @ TOF
Sampleswerepreparedin 70:30% AcN: dH2O,1% TFA andmixed1:1 (0.5+0.5ml)
directlyona 100well sampleplatewith saturatedaA cyanoA 4A hydroxycinnamicacid
matrixpreparedin 70:30%AcN: dH2O,1% TFA. Thesampleplatewasallowedto dry
for about20min. Spectrawerecollectedon a VoyagerDEB STRMALDI B TOF mass
spectrometer(Applied Biosystems).Standardinstrumentsettingsfor angiotensin
providedwith thesystemwereloadedandchangedif needed.In generalionswere
analyzedin positivereflectormodewith a grid voltagesetto 70%.Laserintensitywas
adjustedasappropriatefor eachspecificsampleandspot.Calibrationwasperformed
internallyor externallyby useof a standardcalibrationmix. Usually300shotsat3C 6
positionswerecollectedandsummed.

PSDC analysiswasperformedby acquisitionof differentsegmentsoverthemassrangefor
which fragmentscouldbeobserved.Thefiles werethenstichedtogetherto generatea
resultspectrum.

3.4.3 Q D TOF
A few experimentswereperformedona ESIE equippedQE TOF instrument(MicroMass)
in collaborationwith AnnikaPersson,WGI. Sampleswerepreparedin 50:50%AcN:
dH2O,0.1%/ 1%HAc or 0.1%TFA. Both MS andMS/MS analysiswereperformedand
instrumentsettingsoptimizedasneeded.Unfortunatelyno onlineseparationhasyetbeen
setup for this instrument.Sampleswereloadeddirectly in aneedlelaterassembledin the
ESI interphase.

4 Results
As expectedtheelutedtumorF cell samples,assumedto contain1,000F 10,000peptides,
gavevery complexspectra.If themixtureis not prefractionatedor separatedonlinefar to
manypeptideswill appearin thespectrumandMS/MS analysiswill bealmost
impossibleto performsincetoomanyionswill befragmentedat thesametime.For
instance,in MS/MS modetheparention massis givenbut in orderto accountfor
instrumenterrorsionswithin approximately±0.4Da will becollectedandthen
fragmented.Themainproblemwasto separatethepeptideswith goodresolutionusing
theequipmentavailable.Sinceit turnedout to behardto getanyrelevantdataout of the
complexmixtures,theattentionturnedto analyzeknownpeptidesandmixturesthereofin
orderto find a LC/MS systemthatworksreliably.

4.1 LC G Q MS
As mentionedabove,mucheffort wasput into finding asetupthatcouldseparatethe
peptideswith acceptableresolution.For theCH 18 columnuseda decreasingin flow rate
below~10ml/min did not improveresolutionsinceit gavetalingpeaks.Flow ratesabove
100ml/min oftengaveleakagein thesystem.Bestseparationconditionswerefound
whenrunovera longgradientas60 min.
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Of muchhelpwouldbeif theelutiontime for a certainpeptidecouldbeproperly
calculated.This wouldhelptracinghighI scoredpeptidespredictedby theepitopJ

predictorprogram.Sincepeptideretentionis dependenton theaminoacidcomposition
suchcalculationscanbedoneby summingtherelativehydrophobiccontributionsfrom
eachaminoacid.Also peptidelengthhaveprovento beimportantmakingtheprediction
morecomplex[]. Two differentprogramspredictingelutionpatternaccordingto
hydrophobicitywereinvestigated:AminoXpress(freelydownloadedfrom http://www.
legend2000.com/aminoxpress/ami_index.asp)andGPMAW Ver 4.11(acommercial
programfrom Lighthousedata).However,neitherof thetwo wereableto predictan
elutionprofile observedfor knownpeptides.Both programsarevery simpleand
desirablymoreparametersshouldbegivenasinput,asfor instancecolumnproperties.

4.2 MALDI K TOF
Datacollectedon tumorL derivedpeptidesdid notgive anygoodspectra.HPV18only
gavea noisysignalandpeptidesfrom Caov4andB16L B7 gavea patternlikely causedby
adducts.Whensingly or mixedknownpeptideswereanalyzedwell definedpeakswere
observed,thoughsomeidentifiedwith saltbound.

4.3 QM TOF
Bestqualitydatawasobtainedon theQN TOF massspectrometerdueto thehigh
sensitivityof theinstrument.However,becauselack of time only a few analysiswere
madeandHPV18wastheonly tumorO derivedsamplesanalyzed.As expected,this
generateda verycomplexspectra.Evenif eachpeptidecanbeseentheresolutionis not
goodenoughto evaluatechargestateandMS/MS analysisof a selectedpeakis not likely
to generateareasonablespectrum.

Whena mix of 10knownpeptideswereanalyzedpeptideswith multipleArg, Lys or His
werenot seenassingly chargedions.

4.4 MS/MS analysis
Fragmentationwereinducedon all threeinstrumentsused.A problemobservedon the
ESIP Q iontrapmassspectrometerwashow to find anappropriatecollision energyto
obtainfragmentsovera widemassrange.Desirably10%of theparention shouldbeleft.
Very oftenonly oneor two aminoacidswerecleavedoff generatinga singledominant
peakandonly minorpeaksof smallerfragments.Suchdataarenot convenientfor
automaticinterpretationof spectra.Whenthis wasobservedfragmentationof the
daughterion wasalsotried.On theinstrumentusedMSn experimentscanbeperformed
up to n=9.Theproblemmightalsobeovercomeif insteadthecorrespondingdoubly
chargedion is subjectedto fragmentation.Thenadditionalchargedfragmentswill form.
However,this requiressomedeconvolutionof thespectrumto only singly chargedions.

PSDanalysison theMALDI Q TOF wastediousandfor somesegmentsno datacouldbe
collectedwhichspoilsautomaticinterpretationof spectra.Only knownpeptideswere
analyzedandMassLynxPepSeqprogramwasusedfor interpretation.Only a few amino
acidscouldbecorrectlyidentified.
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OntheQR TOF,oneMS/MS sequenceanalysiswassuccessfullyperformedusing
MassLynxPepSeqprogram.Thesequencewasnot fully automaticallypredicted,but
neededahumaneyeaswell. Also, thepeptidewasnotoneof theknown,buta failed
synthesisproductthereof.

Anotherprogramfor denovointerpretationof peptideCID spectrais Lutefisk,developed
by RichardSJohnson,ImmunexCorporation(1997S 2000).This softwareis freely
availableathttp://www.immunex.com/researcher/lutefisk/.Currently,thisprogramis
limited to interpretdatafrom low energyCID of tryptic peptidesona triple quadropole,a
QS TOF andanion trap.However,thereis still anoptionto selectnodigestfor the
proteolysisparameter.Whendatafrom LC T Q MS/MS spectrawereimportedthereply
wasalmostalways"don' t wasteyour timeon thisone".Howeverthis mightwell bedue
to badinputdata.

MassLynxis muchmorepowerfulandhasaninteractiveuserphase.Datacanbeimported
in text file formatbut thenautomaticpredictioncannot beapplied.

4.5 Spectra
A few spectrahavebeenselectedto illustratetheobtainedresults.Thesearepresentedin
appendixandcommentswill begivenbelow.Otherrunspectraarecollectedin anorder
givento ArneElofsson,SBCasis a CD with all rawdatafiles saved.

The known peptides analyzed:
Peptide Sequence Mass(Da)
E11 CIDGVCWTV 995.18
E16 ILDSFDPLV 1018.17
E14 SLMAFTAAV 910.10
KAP1 MDRGLTVFVAVHVPD 1655.93
KAP3 VHVPDVLLNGWRWRL 1860.19
KAP10 RGPVAFRTRVATGAH 1595.83
ORFGLA GLAAATWVWL 1087.29
ORFYQL YQLPVVFGL 1035.25
ORFLLM LLMSVVVAGL 1001.29
ORFFVF FVFYQLFVV 1161.41

1) Illustrationof thecomplexpeptidemixturesderivedfrom tumorU cell lines
a) HPV18(HeLacells)LCQ iontrap

SolventA: 100%dH2O,0.1%TFA
SolventB: 100%AcN, 0.1%TFA
Gradient0U 100%B in 60 min, flowrate2ml/min,CU 18

b) HPV18QV TOF samesampleasin a).

c) Caov4
100%SolventA: 4mM NH4Ac, adjustedto pH 3 with formic acid
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Flow rate50 ml/min. CV 18*

d) B16V B7
Sameconditionsasin c)

Whereseparationon acolumnwasusedpeaksaresummedoverthewholeelutionrange.
No separationof peptideswasperformedin b). Eachpeptideis resolved,butchargestate
is not easilyevaluated.Comparisonbetweena)andb) agreein thezoomedrange
860W 870(massandpeakheights).At this resolutionit is howeverdifficult to tell if the
peaksobservedin c) andb) areotherpeptidesor thesamejust dependentof the
instrumentsettings.Somecharacteristicpeaksareobservedin bothc) andd): 673.2,
695.1,717.1,739.2.Thesemightorigin from noncellX specificproteins.Most peptides
presentedby MHC classI moleculesareexpectedto bein therange800X 1200Da,but
canvary from 600X 1500.

2) LC X Q on amix of the10 knownpeptidesabove
SolventA: 100%dH2O,adjustedto pH 3 with aceticacid
SolventB: 100%AcN, adjustedto pH 3 aceticacid
0Y 100%B in 30min, flow rate100ml/min
Peptideconcentration1 nmol/ml (eachpeptide)

All peptidesbutORFYQL couldbeidentified.Thefail in identify this peptideis
probablyonly becauseof misscalculationof themassandthepeakis likely to betheone
between13.64and14.45min. Whensamesampleis runovera60Z min gradientthepeaks
arefurtherresolvedbut thepeaksharpnessreduced.Thelattermightbeovercomeusing
0.1%TFA insteadof aceticacid.

3) MALDI on a mix of the10knownpeptidesabove
Peptideconcentration10pmol/ml(eachpeptide)

Thespectrumillustratesthevariability in ionizationpropertiesof differentpeptidesand
encouragecarefully interpretation.Spectraof eachindividualpeptidewascollectedas
well. Mostpeptidescouldbeidentifiedwith or withoutmodifications.

4) Q[ TOF KAP1
Samplein AcN:H2O50:50%0.1%HAc. Sampleconcentration1pmol/ml
Theoriginal spectrawaspoor,buta doublychargedion wasfoundat643.35Da. It did
notagreewith theexpectedparention butwassubjectedto CID analysisanyway.The
sequencesolvedis MCRFVAVHVPD, which is KAP1 with somemissingaminoacids
within thepeptide(failedsynthesis).Theparentmassfor this peptideis 1286andthis
peakwasidentifiedin MALDI spectraaswell.

Thefew peaksseenin theinitial spectrais dueto low concentration.Whenasampleat
concentration10 pmol/ml wasanalyzedmorepeaksappeared.However,theparention at
1655.93Dawasnotseen.Theexplanationis probablyfoundin thesequenceof the
peptide.If Arg andor His appearin their chargedstatenosingly chargedionswill be
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seen.

5 Discussion and future prospects
SinceMALDI only generatessingly chargeions,sucha spectrumin generalbecomesless
complex.Therefore,it mightbeworth to collectsomeinitial spectraonaninstrument
with this interphase.Also, thedifferencein ionizationtechniquesbetweenESIand
MALDI renderpossiblethationsnot observedin ESI mightbeobservedin MALDI and
viceversa.

Theeaseof interpretationof MS/MSdatais to somedegreedependenton what
instrumentis used.Themostconvenientis probablyanESI\ Q\ TOFsinceit produces
veryhigh\ resolutionandhigh\ mass\ accuracyfull \ rangespectraof thedaughterion. The
chargedstatesof theproductionsareeasilydistinguishedanddeconvolutionof the
spectrumto onecontainingonly singly chargedionsrenderimpossibleinterpretationof
higherordercharge.Furthermore,themassaccuracyallow to distinguishbetweenGln
andLys differing only 0.03Da in mass.Theiontrapinstrumentis limited in thenumber
of ionsit cantrapbetweenthequadropolswithout losingresolutionandmassaccuracy.
Oneadvantagewith thetrapthoughis thepossibilityto retainthedaughterionsafter
MS/MSanalysisandfragmentationcanproceed(MSn). Fragmentationof highly charged
ionsmight causedifficulties wheninterpretingthespectrumsinceinternalfragmentsare
likely to beseen.In this casealsoa lessinformativespectrumcanbeobtainedsince
presenceof chargedaminoacidsin themiddleof thepeptidemayfavorcleavageat
specificbonds.WhenPSDanalysisis concernedit canbeusedto confirm apeptide
sequencebut is not themethodof choicewhenanalyzingunknownpeptides.Analysis
patternof a givenspotaswell asthelaserintensityfor eachsegmentto becollectedis
easilyprogrammed.However,sincetheenergyneededto inducefragmentationis
sequencedependentit mightbedifficult to setanappropriatelaserintensityfor each
segment,especiallysinceit is notalwaysincreasingin a linearmanner.Thequality of the
dataobtainedfrom inducedfragmentationis alsodependenton thepeptidefor instance
howeasybondsarebrokenandthepresenceof chargedaminoacids.

Manualinterpretationof MS/MS datais very hardandtedioustask.Evenwhenautomatic
sequenceprogramsareusedoneshouldexpectto spendhoursto solvea sequence.The
programsoftensuggestmorethanonepossiblesequenceanda closeexaminationof
peaksis needed.Especiallythis applieswhennoenzymaticcleavagehasbeenperformed.
This requiresa wide knowledgeof thetheoriesbehindfragmentationaswell as
awarenessof all chemicalmodificationsthatmighthavetakenplace.Theultimateproof
of asequenceassignmentis to synthesizethepeptideandcomparethespectra.

Thereis probablyalsoaneedfor optimizingthepeptide] extractionprocedure.As lesssalt
aspossibleshouldbepresentin thefinal samplesincethis suppressionisationin ESI.

Betterresolutionof HPLCseparationwould possiblybeobtainedwith a longercolumn,
andmoreimportant,with smallerbeads.
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As for instrumentation,themethodof choiceis a Q^ TOF with on^ line separation.It might
beworth trying off ^ line separationandanalyzefractionby fractionif this desired
instrumentset_ up is not available.To furtherincreaseresolutionin separationof peptides,
capillaryelectrophoresisis recommended.

Anotherinterestingapproachis to startfrom thepredictedepitopes.If a high` scored
peptideis interestingfrom a medicalpointof view anideais to synthesizethispeptide.
Nextstepis thento identify this in thetumor` derivedsamplewhich is simplifiedsince
elutiontimecanbepredicted.Also fragmentationpatternof thetwo canbecompared.

A generalproblemin identificationof avaccinecandidatepeptideis thatpeptidesderived
from pathogensareoftenpresentin muchlower concentrationthannaturallyprocessed
selfa peptides.Thereforethissignalmight be"suppressed"in anyspectraandhardto
detect.

Interestingwouldalsobeto analyzesampleof bothmalignantandnonb malignanttissue
from thesamepatientandsearchfor distinctions.Theproblemthoughis to getaccessto
suchsamplesaswell asgetthenormaltissuecellsto grow sufficiently.

Onceapeptideis identifiedthefinal work is to establishtheimmuneresponseactually
causedby thispeptide.If it appearsto beanevil onetheway to immunotheraphyof
canceris somewhatshortened.
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