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1 Introduction

Immunotheraphyf cancethasbeenof interestfor long buttherearestill someproblems
to overcomebeforeit canbe usedin routinepreparativereatmentsBetterunderstanding
of antigenprocessingandpresentationaswell asrecentadvances identificationof new
tumorantigenshaspavedtheway for developmenbf novelandspecificvaccines
includingpeptidebasedvaccinesOf primaryinterestaretissuespecificgeneproductsas
well astheseexpressear overexpresseth tumorcellsbutnotin normaltissue. The
aim of this projectwasto investigatewvhetherit is possibleto extractMHC classl
specificpeptidedrom tumorcellsandin a high-throughputmodeidentify thesepeptides
by useof massspectrometryechniquesPeptidesxtractedrom threedifferenttumor
cell lineswereanalyzedCandidatesverealsosearchedor by usingthe program
SYFPEITHI,which havea functionto predictMHC-binding motifs from agiven
sequencelhemasse®f the predictedpeptidesverecalculatedandcomparedo these
obtainedn massspectraun on extractedoeptidesPeptideswith massesnatchingthese
predictedoy SYFPEITHIwerefurtheranalyzedoy tandemmassspectrometrf{MS/MS)
for determinatiorof their sequencen orderto validatethe system peptideswvith known
massandsequenceverealsoanalyzedThis approachcombiningimmunology
knowledge pioinformatics,andmassspectrometryo identify potentiallyMHC | (or
MHC 1) peptidescanprovidea powerfultool in the developmenbf newvaccines. If
optimized,it mayallow rapidscreeningf alargenumberof peptidesjncluding
detectionof low abundanceeptidesThisidentificationof peptideds basednthe
naturalpresentatiof digestedumor-cell proteinswithout takinginto accounthe
immunogenicityof th peptidesTherefore, oncea peptideis identifiedasa potential
vaccinecandidatethis peptidewill be synthesize@ndtestedn-vivo on mice.However,
theadvantaggainedin thisapproachs thedecreasedumberof peptideshatneedto be
tested An overviewof the mainstepsto be performedn this approachs presentedn
figurel.
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Figurel. A shematigictureshowingthe plannedprocedurdrom growing of tumorcells
to injectionon mice.

2 Background

Theimmunesystemhasevolveda complexnetworkof cellsandorgansin orderto to
protecttheindividual againstforeigninvaderslt hastheability to distinguishbetween
selfandnon-selfandthe effectivespecificimmunesystemis basedn the productionof
memorycells,which providea fastresponsén caseof a secondnfection. This allows
vaccinetreatmentgo be successfulsincetheseinducearesponsehatshouldbeweak
notto causallness,but sufficientto generatanemorycells. Traditionalvaccinesontain
live, attenuatedr whole,inactivatedmicrobialorganismor antigenicsubunitsof these
pathogensThe designof newvaccineshasturnedtowardssubunitor recombinant
vaccineghatcontainsonly the componentsiecessaryo inducea specificimmune
response.

2.1 Antigene processing and presentation

Major histocompatibilitycomplex(MHC) moleculesareheterodimeriglycoproteinghat
are importantin the cell-mediatedmmuneresponseTheypresent highly diversesetof
peptideson the surfaceof acell andinduceT-cell activation.Proteinsexpressea the
cell arecontinuallydegradedy the proteasomeomplexto bereusedn newsynthesis.
Peptidegpresentedy the MHC classl moleculesaremainly generatedhn the cytoplasm
of thecell throughthe so calledcytosolicpathway.Peptidegshatundergocomplete
degradatioraretransportedy TAP proteins(Transporter@ssociatedvith antigen
Processinginto theroughendoplasmaticeticulumwhere8- to 10- residuepeptidesare
boundby MHC classl moleculesBinding of the peptideto MHC stabilizethe molecule
andenabledransportof the complexto thecell surface(figure 2). This peptidedriven
mechanisnpreventemptyMHC moleculedo betransportedo the surfacewherethey
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otherwisemight bind extracellulapeptidesNon-self peptidesboundto MHC classl
proteinsarerecognizedy cytotoxic T-cellsleadingto eliminationof cellsproducing
viral or mutantproteins[1, 2].
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Figure2. a) Theproteinis clevedinto shortpeptidefragmentsby the proteasomeThepeptidesare
transportedy the TAP complexinto the endoplasmaticeticulumwheretheybind to MHC classl
moleculesThe complexis transportedria the the Golgi apparatuso the cell surfacewheretheyare
presentedo T-cells.Imagetakenfrom PeterCresswell,Yale University.http://info.med.yale.
edu/immuno/fac_cresswell.html

b) A shematigictureshowingthecellsandmoleculesnvolvedin the presentatiomf MHC classl
peptidesimagetakenfrom http://www.ultranet.com/~jkimball/BiologyPages/H/HLA.
html#Class_|_Histocompatibility Molecules

MHC classl moleculesarefoundin almostall cell typespresentantigendo cytotoxicT-
cells(CD8+)whereasVIHC classll moleculesarelimited to antigenpresentingells
(APCs)presentantigengo T-helpercells (CD4+). In additionto the CD4 andCD8
receptorgwhich bindthe MHC molecule)the T-cellshavereceptorgo detectforeign
antigensTheseT-cell receptor{TCRs)bind antigensonly whentheyarepresentedby
MHC moleculesEachT-cell expressiumerousut uniqueTCRsonits cell surfaceand
a TCR canonly bind onespecificantigen.

In humansMHC classl genecontainsthreedifferentloci, A, B andC, andtheencoded
proteinsaredesignatedHLA-A, HLA-B, andHLA-C (for HumanLeukocyteAntigen).In
mice,thecorrespondindoci areK andD andtheencodedroteinsarecalledH2K and
H2D (for Histocompatibility2). Furthernumbersor lettersareusedto specifythe
haplotypesf individuals[1].



2.2 Epitop prediction

In orderto designbettertherapeuti@agentdor infectiousandautoimmuneliseases is
helpfulto predictwhich peptidecanbind to MHC moleculesandandto understandheir
modeof binding.MHC classl associategeptidesind non-specificthroughtheir N- and
C-terminalresiduego the MHC groove.Therearealsospecificinteractionsetween
sidechainsandherecertainanchormesiduedavebeenidentified. Theseresiduesieed
notto beidenticalbutrelated.Theydiffer for peptidesindingdifferent MHC-typesbut
aresimilar for all peptidesbindingthe sameMHC-type[1]. If theepitope herereferred
to theantigento whichthe MHC moleculebindsandwhich arepresentedo T-cells,can
bepredictedthenthenumberof antigendikely to causeanfectioncanbereduced.
Computeralgorithmsfor suchpredictionshavebeendevelopedandthesemighthelpin
identificationof vaccinecandidatesHowever the programaup-to-datearelimited by a
numberof factorsincluding predicationdasecdn peptidelibrariesderivedonly from
knownproteinantigensThislimits the numberof MHC-typesthatcanbessignificantly
usedfor the prediction.Becausef the difficulty to obtainsufficientexperimentatiata
thereis aneedto developcomputationamodelsof propertiesconcernedvith the
interactiondbetweerthe peptidesandMHC. Forinstanceapplyingatrtificial neural
network(ANN) basedorogramswvould reducethe numberof laboratoryexperiments
neededo elucidatethe rulesunderlyingthe binding.

2.2.1The SYFPEITHI database

In this projectthe SYFPEITHIdatabaséreely availableat http://www.unituebingen.
de/uni/kxi/wasused.This databaseontainsapproximately2000peptidesequences
reportedfor human,mouseyatape,cattleandchickenMHC classl andll types,taken
from publisheddata.As for MHC | epitopepredictionfunction,only allelesfor which a
largeamountof datais availableareincluded.Thisto increasehereliability which
shouldbe atleast80%in retrievingthe mostaptepitope A naturallypresenteepitopeis
expectedo appearmmongthetop 2% high-scoredpeptidesn morethan90% of the
predictions.To-datethereliability for MHC classll peptidesarelower (about50 %) due
to highervariability in the pocketbindingpropertiesThe scoringsystemis basecbn
which aminoacidsarepresentt eachposition,the mostimportantbeingthe anchorand
auxiliary anchormpositions[3].

2.3 Mass spectrometry

During the pastyearsmuchprogresshavebeenmadein thedevelopmenbdf newmass
spectrometryechniquesuitablefor analysisof biomoleculesThe mainsuccesganbe
describedhe developmenobf novelionizationtechniquesvhich havemadepossible
transferof biomoleculedrom theliquid phaseo the gasphaseMassspectrometrys a
powerfultool sincedeterminatiorof the molecularweightis madeto a high degreeof
accuracy(~0.020.001%)andsensitivity(detectionin therangel0® - 10" mol) [4].

A massspectrometeconsistof threemajorcomponentsanionizationsourceamass
analyzeranda detector.The massanalyzerseparatetheions producedn thesource
regionbasedn their massto-chargeratio (m/z). Theion detectionsystemamplifiesthe
ion currentsignaltypically by anelectronmultiplier.



2.3.1 The lonization Process

Compoundganonly beanalyzedn the gasphasegitherasnegatively or positively-
chargedons,which aregeneratedby lossor gainof a charge. In peptide analysisthis
typically occursvia lossor gainof a proton([M-H]-, [M+H] ). Theionizationof the
samplecanbeachievedn a numberof ways.The mostcommonlyusedtechniquesn
peptideanalysiss Electrosprayonization(ESI) andMatrix- AssistedLaserDesorption
lonization(MALDI). Thesearereferredto as"soft" ionizationtechniquesn thesence
thattheionizationprocesscantakeplacewithout inducingfragmentatiorof the peptides.

In thecaseof ESI gasphasdonsaregeneratedrom moleculedn solution.The samples
passedhrougha capillarytubeandhighly chargeddropletsare producedoy applyinga
strongelectricfield to theendof thetube.As the sampleflow througha slightly heated
vacuumchambeirsolventevaporatefrom the dropletscausinganincreasen the
electricalchargedensityat the surface At a critical point (the Rayleighinstability limit)
theelectrostatiagepulsionovercomeshe surfacetensionandforcesadropletto divide
into smallerdroplets. Thefinal resultis a singly or multiply protonatedons (depending
onthesizeof the peptideaswell asnumberof basicaminoacids)which areaccelerated
by electricfields towardsthe massanalyzef5].

In MALDI gasphasdonsaregeneratedrom asolid phaseTheprincipleof MALDI is
basedon all moleculeshaturallypossessingotational,vibrationalandelectronicenergy
(if in aliguid or in agasevenkineticenergy)If energyis suppliedin alargeamountover
ashortperiodof time theenergycannotbedissipatedo the surroundingastenough.
Thereforethisincreaseof internalenergycausevibrationalandrotationalenergyto turn
into translationaknergyleadingto melting, vaporizationandsomeionization.The
energysourcein MALDI is alaserbeamwhich by focusingcandepositalargedensityof
energyinto a smallspaceHowever for a substancéo absorba specificenergyit must
havea matchingabsorptiorspectrg6]. Thereforethecompoundo beanalyzeds mixed
andco-crystallizedwith a photoactivematrix thatabsorbdgight atthelaserwavelength
used Matrix shouldbe presenin excessn orderto isolateindividual analytemolecules.
Theexactmechanisnbehindprotonationof theanalytemoleculehasbeendebatedbut
aremostlikely formedin thegasphaseby transferof protonsfrom protonisedmatrix
moleculego neutralanalytespeciesThematrix is protonatedhroughphotaionisationof
highly excitedmatrix moleculedorming radicalions. Whentheseinteractswith neutral
matrix moleculegorotonatednatrix moleculesandneutralmatrix radicalsareformed[5].
Multiply chargedanalyteionsarepreventeecaus®f protontransfemreactionswith
reactivematrix moleculesandcaptureof free electronsFor moleculedessthan10,000
Da, a-cyane4-hydroxycinnamicacidis commonlyusedasmatrix material.

Onemajoradvantagef ESIover MALDI is thataliquid-chromatograpltanbedirectly
coupledto the ESlinterphasesnablingon-line separatiorof the sample(LC-MS).
Besideghatpeptidesarebeingseparatedheyalsobecomeconcentratedhusimproving
thelevel of sensitivity.In ESImultiply chargedonsaregenerateavhich makepossible
accuratanassmeasurementslowever this increaseshe complexityof the spectrumand
complicategheinterpretationgspeciallyif a mix of manydifferentpeptidess being
analyzedIn this caseMALDI, which mainly generatesingly chargedons, mightbe
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preferableMALDI is alsolesssensitivefor salts.

2.3.2 The Mass Analyzer

Variouscombinationsf ionizationsourceswith massanalyzersarepossible However,
ESlis commonlycoupledto anion-trapor a quadropotime-of-flight (TOF) analyzer
andMALDI is oftenusedin combinationwith a TOF analyzer Eachmassanalyzeras
its own specialcharacteristicendherewill begivenonly a brief overviewof the
differentanalyzersisedin this project.

Theion-trap analyzer worksby isolatingselectedonsin aconfinedregionof space
whichis thenmanipulatedy usingaradiofrequencyelectricfield (RF).lonsaresorted
by changingthefield conditionsto destabilizaonsof a particularmasswvhich will then
leavethetrapandbe collectedby the detector.

In aquadropol instrumentglectricfields areusedto separateéonsastheypassalongthe
centralaxisof four parallel,equidistantodswhich havestatic(DC) andradiofrequency
(RF)voltagesappliedto them.The strangeandthefrequencyof theelectricfield is
changedsothatonly ionsof selectednass/massasanbetransmittedpthersaredeflected
to striketherods.

A time-of-flight analyzerseparatéons giventhe equivalenkinetic energyon the basis
of massLighterionswill havea highervelocity thanheavieronesandwill therefore
reachthe detectorsooner.

2.3.3 Peptide Fragmentation

Tandemmassspectrometrf{MS/MS) canbe usedto gaininformationaboutthe peptide
sequenceA specificmolecularmassis selectedandsubjectedo collision-induced
dissociation(CID) generatedy bombardmentvith aninertgas.Whatfragmentdons
thatwill appeais dependentn factorsasprimary sequenceshargestate, the amountof
internalenergy howthe energywasintroducedetc. For afragmentto be detectedt
needdo carryatleastonechargeandtheresultingionsareclassifiedaccordingto where
thechargeis retained|f it appear®nthe N-terminalfragmentfragmentsaredesignated
aseithera, b or cionsandif it appear®nthe C-terminalfragmentaseitherx, y or z ions
dependingon thebondcleavedfigure 3). Also internalions, resultingfrom double
backbonecleavagecanappear.In additionto the formationof theaboveions,lossesof
H.O andNH; arevery common.In low energyCID a, b andy ionsarethe mostabundant
fragmentions,whereasn high energyCID all of theaboveionsaregenerated5]. Ona
MALDI -TOF systemfragmentations achievedy postsourcedecay(PSD)and
optionallyin combinationwith CID. Sincetherulesfor fragmentatiorof peptidesare
guitecomplexthereis a needfor computemprogramgo helpto interpretMS/MS spectra.
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Figure3. lon seriesnomenclaturdirst proposedy RoepstorflandFohiman(1984)andlatermodified by
Biemann(1988)[5].

234LC-MC

Theanalysisof complexsamplesolutionsis preferentiallyaidedto someseparation
beforeappliedto themassspectrometelThis canbe performedby usingreversegphase
high performancdiquid chromatograph(HPLC) which separatgeptidesaccordingo
hydrophobicity.This methodis well suitedsinceit canbeinterfacedto an ESlion source
andtherebyallow online separatiorfcommonlyreferredto asLC/MS). Separationfn
reverseegphasechromatographys basedn reversibleadsorptiorof solutemolecules
with varyingdegree®f hydrophobicityto a hydrophobicstationaryphaseElutionis
achieveduy increasinghe polarity of the mobile phaseby addinganorganicsolventsas
for instanceacetonitrile In orderimprovepeaksharpnesspn-paringagentsas
trifluoraceticacid(TFA), formic acid,or aceticacidareoftenincluded.Theeffectis
likely dueto theability of theion-pairingagentto maskpositivechargedandpolar
groupson proteinsandpeptidesandtherebyenhancenteractionwith the hydrophobic
reverseephasesurface7]. Columnsusedin reversegphasechromatographware
commonlypackedwith silica-matrix beadswith coupledhydrophobidigands.

3 Methods

3.1 Growing and harvesting of cells

Threedifferentcell linesweregrown: HeLacells(isolatedin 1951from the patient
HenriettaLacks)containingmultiple copiesof the humanpapillomavirustype 18
(HPV-18) responsibldor causingcervicalcancer,Caov4a humanovariancancercell
line; andB16-B7 melanomanousecellsvisibly producingmelanincausingskin cancer.
Thetwo humansamplesareHLA-A2 specificandthemousesampleH2-Kb specific.
Cellsweregrownuntil adensityof ~1 cells.Cell mediumwasremoved1x Trypsin
EDTA wasaddedcoveringthe bottom)andtheflask placedin 36.6°Cincubatoruntil
coloniesfloat off. Theflask wasrinsedwith PBS.The solutionwastransferedo a 50-ml
falcontubeandcentrifugedior 5 min at2000g. The pelletwasresuspendeth PBS.
Cellswerecountedandcentrifugatedor 5 min at2000g. Thepelletwasfrozen(-80°C)
or useddirectly for peptideextraction.



3.2 Extraction of peptides

Two differentmethodsvereappliedto extractthe peptidesFirsta "cell-stripping"
methodwasappliedto the HPV18sampleIn this methodpeptidesaresimply eluted
from the surfaceof thecells. Laterall threesamplesveresubjectedo
immunoprecipitationn which the peptidegeactspecificallywith anantibodyandare
removedrom thesolution.

3.2.1 Cell-stripping

HeLacellswerewashedhreetimesin 25 ml PBS.Strippingwasperformedoy addition
of 20 ml PBSadjustedo pH 2 by TFA andincubationfor 2 min atroomtemperature.
Thesamplewascentrifugedandthe supernatansaved.

3.2.2 Immunopr ecipitation

Cellswerelysedin 1 ml NP-40 buffer (10mM tris buffer pH 7.8,150mM NaCl,5mM
MgClI, 1ImM EDTA, 0,5%NP40,0.1%proteasenhibitor cocktail) rotatingfor 30 min at
4°C.Thesamplewasspunfor 10 min at 14,000rpm. To reducebackgroundhelysate
waspreclearedy addingof 5 ml NMS (NormalMouseSerum)and50 ml proteinA
sepharoseeadserml of lysate followed by incubationfor 60 min rotatingat4°C. The
samplewasspunfor 10 min at 14,000rpm. To thesupernatan20 ml BB7.2 (HLA-A2
specific)or a-8 (H2-Kb specific)antibodiesvereaddedo the humanandmousesamples
respectivelylncubationfor 60 min rotatingat 4°C wasfollowed by additionof 50 ml
proteinA sepharosbeadsandincubationfor additionally45 min. Thesamplesvere
spunfor 4 min at 14,000rpm andthe pelletwashedwice in cold NET-buffer (150 mM
NaCl,50 mM Tris pH 7.5,5mM EDTA, 0.5% NP-40). Thepelletsweresolvedin 200
ml dH20with 0.1% TFA. Thesamplesverespunfor 10 min at14,000rpm. TheHPV18
samplewassubjectedo threeadditionalwashingstepsn orderto getrid of saltthat
interferewith the ESItechniqueThe supernatanivasfiltered in MICRON 3K filters.

3.3 Prediction of MHC-binding peptides

Predictionof potentialHLA -2 andH2-Kb peptidesindingto MHC classl molecules
wascarriedout by usingthe SYFPEITHIdatabasé€Ver 1.0) freely availableat http:
[Iwww.unituebingen.de/uni/kxi/ Input sequenceweredownloadedfrom NCBI (http:
IIwww?2.ncbi.nlm.nih.gov/)As for HPV18, for whichthe completegenomds known,all
theencodingproteinsequencef4) could bedownloadedfrom http://www.ncbi.nim.
nih.gov:80/PMGifs/Genomes/vis.htmRegardinghe othertwo samplesnanual
searchesvereperformedn the NCBI proteindatabaseAs for thehumanCaov4strain
thesearchH'ovary AND homosapiens'generate@06 sequencespvarianAND cancer
AND homosapiens'235sequenceand”ovariancancetrAND homosapiens'174
sequencesn ordernotto looseimportantdatathe 806 sequenceweredownloadedand
usedasinputfor the SYFPEITHIepitopeprediction.In the caseof the mousemelanoma
cells154sequenceweredownloaded,generatedrom the search’'melanomaAND
mouse".

Forsimpleinput andextractingof relevantdataa perl program,epitoppred.pl, was

constructedappendixl). It takesanyfile in FASTA format,extractsanID of each
proteinandpasse®n eachsequencé¢o the SYFPEITHIepitopepredictor.Fromtheresult
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file all peptideswith ascoringequalto or higherthan20 areselectedFor thesepeptides
themonoisotopicthe [M+2H]?* andthe [M+3H]*" massis calculatedaswell asthepl.
Thepl wascalculatedusingthe pl/Mw tool providedby the ExpasyMolecularBiology
serverof the Swisslinstitute of Bioinformaticsfoundat http://www.expasy.ch/tools/.
Along with thepl it alsocalculateghe averagamassof a peptideor proteinandto make
possiblecomparisorwith the monoisotopianassthis averagemasss alsolistedin the
outputresultfile. Thegenerateautputfile containsgheproteinID, the startpositionof
the peptidein the proteinsequencehe MHC allele, the peptidesequencehe scoreand
themassesndpl asdescribedabove . Two differentoutputfiles arecreatedonesorted
accordingo scoringandonesortedaccordingto mass.

Forthehumansamplesll HLA-A2 MHC allelesavailablein thedatabasewereselected
(HLA-A* 0201,HLA-A*0202, HLA-A* 0203)andpredictionperformedbothwith
nonamer@anddecamerskor themousesamplethe H2-Kb allelewasselectedand
predictiongperformedwith octamers.

3.4 M ass spectrometry performance

ThreedifferentinstrumentsanESFLC-Q-ion trap,a MALDI -TOF andan ESIQ-TOF,
wereusedto collectMS andMS/MS spectreof the extractedoeptidemixturesandsingle
peptideswith knownsequences.

341LC-MS

Peptidesvereanalyzedwith areverseegphaseHPLC systemconnectedo anESIH-
equippedquadrupolaon trap massspectrometefThermaFinnigan).A XTerraTM MS
C-18 column,beadsize3.5mmandwith thedimensionsl.0x 100mm wasmainly used
andwill bereferredto asthe C-18 column.(Initially a columnwith dimensions2.0x 150
mm wastried, andthis will bereferredto asC-18*) 2 or 5 ml samplewereloadedonto
columnthroughaninjectionloop. Different solventsweretried aswell asvarious
gradientsandflow rates:

1) SolventA: 4mM NH/Ac, adjustedo pH 3 with formic acid

SolventB: 2mM NHAc, 70%AcN, adjustedo pH 3 with formic acid
2) SolventA: 100%dH;0, 0.1%TFA

SolventB: 100%AcN, 0.1%TFA
3) SolventA: 100%dH;0, adjustedo pH 3 with aceticacid

SolventB: 100%AcN, adjustedo pH 3 aceticacid

Usuallylineargradientdrom 0 to 100% B within 1-100min wereapplied.Flow rates
werevariedbetweer? and500/min notexceedinghe maximumoperatingoressuref
400bar. Tuningwasmadewith the following settingg(previousoptimizedfor aknown
octapeptide)capillarytemp:185°C, capillaryvoltage:10V, tubelensoffset: 15V, spray
voltage5 kV andionswereanalyzedn positivemode.The peptideconcentrationsf the
mixed samplesvereunknownbut differentdilution seriesweretried. For known peptides
aconcentratiorbetweenlpmol/mland1lnmol/mlwasanalyzed.

In MS/MS analysiscollision energiedetweenl5-35 wereapplied,dependingpnthe ease
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in fragmentthe peptide.

3.4.2MALDI-TOF

Samplesverepreparedn 70:30% AcN: dH20,1% TFA andmixed1:1(0.5+0.5ml)
directly ona 100well sampleplatewith saturateg-cyanoe4-hydroxycinnamiacid
matrix preparedn 70:30%AcN: dH20,1% TFA. Thesampleplatewasallowedto dry
for about20 min. Spectraverecollectedon aVVoyagerDE-STRMALDI -TOF mass
spectrometefApplied Biosystems)Standardnstrumentsettingsfor angiotensin
providedwith the systemwereloadedandchangedf neededIn generalonswere
analyzedn positivereflectormodewith a grid voltagesetto 70%.Laserintensitywas
adjustedasappropriatdor eachspecificsampleandspot.Calibrationwasperformed
internally or externallyby useof a standarctalibrationmix. Usually 300shotsat 3-6
positionswerecollectedandsummed.

PSD-analysiswvasperformedby acquisitionof differentsegment®verthe massrangefor
whichfragmentscouldbe observedThefiles werethenstichedtogetherto generate
resultspectrum.

3.4.3Q-TOF

A few experimentsvereperformedon a ESl-equippedQ-TOF instrumentMicroMass)
in collaboratiorwith Annika PerssonWWGI. Samplesverepreparedn 50:50%AcN:
dH20,0.1%/ 1% HAc or 0.1%TFA. Both MS andMS/MS analysiswereperformedand
instrumentsettingsoptimizedasneededUnfortunatelyno online separatiorhasyetbeen
setup for thisinstrumentSamplesvereloadeddirectly in a needlelaterassembledh the
ESlinterphase.

4 Results

As expectedhe elutedtumor-cell samplesassumedo contain1,003-10,000peptides,
gavevery complexspectralf themixtureis not prefractionatedr separate@nlinefar to
manypeptideswill appeain thespectrumandMS/MS analysiswill bealmost
impossibleto performsincetoo manyionswill befragmentedatthesametime. For
instancejn MS/MS modethe parention masss givenbutin orderto accountor
instrumenterrorsionswithin approximately+0.4 Dawill be collectedandthen
fragmentedThe main problemwasto separatehe peptideswvith goodresolutionusing
theequipmentvailable.Sinceit turnedout to be hardto getanyrelevantdataout of the
complexmixtures,the attentionturnedto analyzeknown peptidesandmixturesthereofin
orderto find a LC/MS systemthatworksreliably.

41LC-QMS

As mentionedabove mucheffort wasputinto finding a setupthatcouldseparatehe
peptideswith acceptableesolution.Forthe C-18 columnuseda decreasingn flow rate
below~10ml/min did notimproveresolutionsinceit gavetaling peaks Flow ratesabove
100ml/min oftengaveleakagen the system Bestseparatiorconditionswerefound
whenrun overalong gradientas60 min.

10



Of muchhelpwouldbeif the elutiontime for a certainpeptidecould be properly
calculatedThis would helptracinghigh-scoredpeptidegredictedoy the epitop
predictorprogram.Sincepeptideretentionis dependenbn theaminoacid composition
suchcalculationscanbe doneby summingtherelativehydrophobiccontributionsfrom
eachaminoacid.Also peptidelengthhaveprovento beimportantmakingthe prediction
morecomplex[]. Two differentprogramsredictingelution patternaccordingto
hydrophobicitywereinvestigatedAminoXpress(freely downloadedrom http://www.
legend2000.com/aminoxpress/ami_index.asGPMAW Ver 4.11 (acommercial
programfrom Lighthousedata).However,neitherof the two wereableto predictan
elutionprofile observedor knownpeptidesBoth programsarevery simpleand
desirablymoreparametershouldbe givenasinput, asfor instancecolumnproperties.

4.2 MALDI-TOF

Datacollectedon tumorderivedpeptidesdid not give anygoodspectraHPV18only
gaveanoisysignalandpeptidedrom Caov4andB16-B7 gavea patternlikely causedyy
adductsWhensingly or mixed known peptidesnvereanalyzedwvell definedpeakswere
observedthoughsomeidentified with saltbound.

4.3 Q-TOF

Bestquality datawasobtainedon the Q-TOF massspectrometedueto the high
sensitivityof theinstrumentHowever,becausdack of time only afew analysiswere
madeandHPV18wastheonly tumorderivedsamplesanalyzed As expectedthis
generate@ very complexspectraEvenif eachpeptidecanbeseentheresolutionis not
goodenoughto evaluatechargestateandMS/MS analysisof a selectegeakis not likely
to generatareasonablspectrum.

Whenamix of 10 known peptidesvereanalyzedpeptidesvith multiple Arg, Lys or His
werenot seenassingly chargedons.

4.4 MS/MS analysis

Fragmentationvereinducedon all threeinstrumentsised. A problemobservednthe
ESIQ iontrapmassspectrometewashow to find anappropriatecollision energyto
obtainfragmentsoverawide massrange Desirably10% of the parention shouldbeleft.
Very oftenonly oneor two aminoacidswerecleavedoff generatinga singledominant
peakandonly minor peaksof smallerfragmentsSuchdataarenot convenienfor
automatianterpretatiorof spectraWhenthis wasobservedragmentatiorof the
daughteion wasalsotried. OntheinstrumentusedMS" experimentanbe performed
upto n=9. Theproblemmightalsobe overcomdf insteadthe correspondingloubly
chargedon is subjectedo fragmentationThenadditionalchargedragmentswill form.
However this requiressomedeconvolutiorof thespectrunto only singly chargedons.

PSDanalysisonthe MALDI -TOF wastediousandfor somesegmentso datacouldbe
collectedwhich spoilsautomatidnterpretatiorof spectraOnly known peptidesvere
analyzedandMassLynxPepSe@rogramwasusedfor interpretationOnly afew amino
acidscouldbe correctlyidentified.
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Onthe Q-TOF, oneMS/MS sequenceanalysiswvassuccessfullyperformedusing
MassLynxPepSe@rogram.Thesequencavasnot fully automaticallypredictedput
neededa humaneyeaswell. Also, the peptidewasnot oneof the known,buta failed
synthesigroductthereof.

Anotherprogramfor denovointerpretatiorof peptideCID spectras Lutefisk, developed
by RichardS Johnson|mmunexCorporation(1997%2000).This softwareis freely
availableat http://www.immunex.com/researcher/lutefisklrrently,this programis
limited to interpretdatafrom low energyCID of tryptic peptideson atriple quadropolea
Q-TOF andanion trap.However thereis still anoptionto selectno digestfor the
proteolysigparameterWhendatafrom LC-Q MS/MS spectravereimportedthereply
wasalmostalways"don't wasteyour time on this one". Howeverthis might well bedue
to badinputdata.

MassLynxis muchmorepowerfulandhasaninteractiveuserphaseDatacanbeimported
in textfile formatbut thenautomatigpredictioncannot beapplied.

4.5 Spectra

A few spectrehavebeenselectedo illustratethe obtainedresults. Thesearepresentedn
appendixandcommentswill be givenbelow. Otherrun spectraarecollectedin anorder
givento Arne Elofsson,SBCasis a CD with all raw datafiles saved.

Theknown peptides analyzed:

Peptide Sequence Mass(Da)
E1ll CIDGVCWTV 995.18
E16 ILDSFDPLV 1018.17
El4 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) lllustration of the complexpeptidemixturesderivedfrom tumorcell lines
a) HPV18(HeLacells)LCQ iontrap
SolventA: 100%dH20,0.1%TFA
SolventB: 100%AcN, 0.1%TFA
Gradient0-100%B in 60 min, flowrate 2ml/min, C-18

b) HPV18 Q-TOF samesampleasin a).

c) Caov4
100%SolventA: 4mM NH.Ac, adjustedo pH 3 with formic acid
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Flow rate50 ml/min. C-18*

d) B16-B7
Sameconditionsasin c)

Whereseparatioron a columnwasusedpeaksaresummedverthewhole elutionrange.
No separatiorof peptidesvasperformedn b). Eachpeptideis resolvedput chargestate
is not easilyevaluatedComparisorbetweena) andb) agreein thezoomedrange
860-870 (massandpeakheights).At this resolutionit is howeverdifficult to tell if the
peaksobservedn c) andb) areotherpeptidesor thesamegust dependentf the
instrumentsettings Somecharacteristipeaksareobservedn bothc) andd): 673.2,
695.1,717.1,739.2.Thesemightorigin from noncell-specificproteins.Most peptides
presentedy MHC classl moleculesareexpectedo bein therange800-1200Da, but
canvary from 600-1500.

2) LC-Q onamix of the10 known peptidesabove
SolventA: 100%dH20, adjustedo pH 3 with aceticacid
SolventB: 100%AcN, adjustedo pH 3 aceticacid
0-100%B in 30 min, flow rate100 ml/min
Peptideconcentratiorl nmol/ml (eachpeptide)

All peptidesbut ORFYQL couldbeidentified. Thefail in identify this peptideis
probablyonly becausef misscalculationof the massandthe peakis likely to betheone
betweenl3.64and14.45min. Whensamesampleis run overa60-min gradientthe peaks
arefurtherresolvedoutthe peaksharpnesseduced.Thelatter might be overcomeusing
0.1%TFA insteadof aceticacid.

3) MALDI onamix of the10known peptidesabove
PeptideconcentratiorlOpmol/ml(eachpeptide)

Thespectrumillustratesthevariability in ionizationpropertiesof differentpeptidesand
encouragearefullyinterpretationSpectraof eachindividual peptidewascollectedas
well. Most peptidescould beidentified with or without modifications.

4) Q-TOFKAP1

Samplein AcN:H20 50:50%0.1%HAc. Sampleconcentratioripmol/ml

Theoriginal spectravaspoor, buta doubly chargedon wasfoundat643.35Da. It did
notagreewith the expectegarention butwassubjectedo CID analysisanyway.The
sequencesolvedis MCRFVAVHVPD, whichis KAP1 with somemissingaminoacids
within the peptide(failed synthesis)The parentmasdor this peptideis 1286andthis
peakwasidentifiedin MALDI spectraaswell.

Thefew peaksseenin theinitial spectras dueto low concentrationWwhena sampleat
concentratiorl 0 pmol/mlwasanalyzednorepeaksappearedHowever the parention at
1655.93Dawasnotseen.Theexplanations probablyfoundin thesequencef the
peptide.lf Arg andor His appeaiin theirchargedstateno singly chargedonswill be
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seen.

5 Discussion and future prospects

SinceMALDI only generatesingly chargeions,sucha spectrumn generabecomedess
complex.Thereforejt might beworth to collectsomeinitial spectreonaninstrument
with thisinterphaseAlso, thedifferencein ionizationtechniquedetweerESl and
MALDI renderpossiblethationsnot observedn ESImightbeobservedn MALDI and
viceversa.

Theeaseof interpretatiorof MS/MS datais to somedegreedependenbn what
instruments used.The mostconvenienis probablyan ESEQ-TOF sinceit produces
very high-resolutionandhigh-massaccuracyfull -rangespectreof thedaughtetion. The
chargedstatesof the productionsareeasilydistinguishedanddeconvolutiorof the
spectrunto onecontainingonly singly chargedonsrenderimpossibleinterpretatiorof
higherordercharge Furthermorethe massaccuracyallow to distinguishbetweernGin
andLys differing only 0.03Dain mass.Theiontrapinstruments limited in thenumber
of ionsit cantrapbetweerthe quadropolsvithout losingresolutionandmassaccuracy.
Oneadvantagavith thetrapthoughis the possibility to retainthe daughtetions after
MS/MS analysisandfragmentatiorcanproceedMS"). Fragmentatiorof highly charged
ionsmight causdifficulties wheninterpretingthe spectrunsinceinternalfragmentsare
likely to beseenln this casealsoa lessinformativespectruncanbe obtainedsince
presencef chargedaminoacidsin the middle of the peptidemayfavor cleavageat
specificbonds WhenPSDanalysiss concernedt canbeusedto confirm a peptide
sequencéutis notthe methodof choicewhenanalyzingunknownpeptides Analysis
patternof a givenspotaswell asthelaserintensityfor eachsegmento becollectedis
easilyprogrammedHowever,sincetheenergyneededo inducefragmentations
sequencelependenit might bedifficult to setanappropriatdaserintensityfor each
segmentespeciallysinceit is notalwaysincreasingn alinearmanner.The quality of the
dataobtainedfrom inducedfragmentations alsodependentn the peptidefor instance
how easybondsarebrokenandthe presencef chargedaminoacids.

Manualinterpretatiorof MS/MS datais very hardandtedioustask.Evenwhenautomatic
sequenc@rogramsareusedoneshouldexpectto spendhoursto solvea sequencelhe
programsftensuggestnorethanonepossiblesequencanda closeexaminatiorof
peakss neededEspeciallythis applieswhenno enzymaticcleavagenasbeenperformed.
Thisrequiresawide knowledgeof thetheoriesdbehindfragmentatioraswell as
awarenessf all chemicalmodificationsthatmight havetakenplace.The ultimateproof
of asequencassignmenis to synthesizehe peptideandcomparehe spectra.

Thereis probablyalsoa needfor optimizingthe peptideextractionprocedureAs lesssalt
aspossibleshouldbe presenin thefinal samplesincethis suppressonisationin ESI.

Betterresolutionof HPLC separatiorwould possiblybe obtainedwith alongercolumn,
andmoreimportant,with smallerbeads.
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As for instrumentationthe methodof choiceis a Q-TOF with on-line separationlt might
beworthtrying off-line separatiorandanalyzefraction by fractionif this desired
instrumentsetup is notavailable.To furtherincreaseaesolutionin separatiorof peptides,
capillaryelectrophoresis recommended.

Anotherinterestingapproachs to startfrom the predictedepitopeslf a high-scored
peptideis interestingfrom a medicalpoint of view anideais to synthesizehis peptide.
Next stepis thento identify thisin the tumorderivedsamplewhichis simplified since
elutiontime canbe predicted Also fragmentatiorpatternof thetwo canbe compared.

A generabproblemin identificationof a vaccinecandidatepeptideis thatpeptidesderived
from pathogensireoftenpresenin muchlower concentratiorthannaturallyprocessed
seltpeptidesThereforethis signalmight be"suppressedih any spectraandhardto
detect.

Interestingwould alsobeto analyzesampleof bothmalignantandnon-malignanttissue
from the samepatientandsearchor distinctions.The problemthoughis to getaccesso
suchsamplesaswell asgetthenormaltissuecellsto grow sufficiently.

Oncea peptideis identifiedthefinal work is to establisitheimmuneresponseactually

causedy this peptide.If it appeardo beanevil onetheway to immunotheraphyf
cancelis somewhashortened.
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