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Proteins

²largebiomolecules

²madeofaminoacids(AA)connectedbyaback-bone

²20AAsinnature{fA;V;I;C;W;:::g

²sequenceofaprotein{AAVIGACWP:::

²massspectrometry{standardmethodtoidentifysequence
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Proteins

²anaminoacid(AA)

R{di®erentfordi®erentAA's

²proteinwithnAA's

²{CO{NH{bond:peptidebond

Krishnamoorthy:IPmodelfordenovoTandemMSinterpretation2



MassSpectrometry

²massofsingleAA{known

²massofprotein{known

²massspectrometermeasuresmass/chargeratios

²breakproteinsintosmallerparts{peptides

²takeeachpeptideandbreakintochargedfragments
{tandemmassspectrometry(MS/MS)

²measuremass/chargeratiosofchargedfragments(ions)
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IonTypes

²y
+
n¡1ion

²bandyionsaremostcommon
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MassSpectrum

²ionsusuallyhavechargeof§1

²massspectrometermeasuresmass(aschargeis1)

²collectionofallsuchmeasurements{massspectrum

²peaks:massesrecordedwithhighintensity

²e.g.MS/MSspectrumforpeptideSGFLEEDK
{fromBafnaandEdwards(2003)
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MS/MSSpectrumforSGFLEEDK

²inpractice,lotsofnoisepeaksappear

²errorinmeasurements/accuracy

Krishnamoorthy:IPmodelfordenovoTandemMSinterpretation6



Identi¯cationfromMS/MSSpectrum

²mass¯ngerprinting{matchsinglepeaks

²databasesearch{matchcurrentspectrumwithspectra
ofpeptidesinadatabase

²denovosequencing{identifythebestsequence(from
allpossibleones)using¯rstprinciples

²sequencetagging(partialdenovo){identifyshort
subsequenceusingdenovo,searchdatabaseforsequences
withthistag

²databasemightnotcontainanysimilarsequence
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denovoSequencing

²inferresidueidentities(AA's)frommasspeakdi®erences

²e.g.:b4¡b3=400¡290¼113(massofLeucine)

²easyifperfectladderpresentinspectrum

{biionsarerecordedforalli,or
{yn¡iionsarerecordedforalli

²veryraretohaveperfectladder

²¯ndlongestpathinapeakgraph

Krishnamoorthy:IPmodelfordenovoTandemMSinterpretation8



PeakGraph

²peakinspectrum()nodeinpeakgraph

²twopeaksdi®eringbymassofanAA()
edgeconnectingnodeswithweight=massofAA

²longestpath()candidatesequence

²formladderusingmixtureofiontypes

²eachpeak()onenodeforeachiontype
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DynamicProgrammingonPeakGraph

²Bartels(1990)

²TaylorandJohnson(1997)

²Danciketal.(1999){proposedpeakgraph

²Chenetal.(2001){DPwherepeaksarenotusedmore
thanonce

²BafnaandEdwards(2003){DPwithalliontypes
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DP-Drawbacks

²peaksareduplicated

{bad(noise)peaksareduplicated

²needtogeneratelargenumberofcandidatesequences
(»10;000)

²evenmorewithmultipleiontypes

²bandyionsaremostuseful

{classifypeaksintob,y,and\others"
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DivisionofPeaksintobandyGroups

²BernandGoldberg(2005){divide\good"peaksinto

1.groupcontainingallb-ions(B),and
2.groupcontainingally-ions(Y)

²complementpeaksinY|Y

{8fj2Y;M¡fj2Y(M=massofpeptide)

²buildpeakgraphonB[Y

²usedspectralgraphpartitioningto¯ndB;Y

Krishnamoorthy:IPmodelfordenovoTandemMSinterpretation12



IntegerProgramming(IP)model
²simultaneouslydeterminegroups(B;Y)and

AAcomposition

²Notation.

p:numberofcopiesofpeptidefragmented

M:totalmassofthepeptide

k:numberofpeaks

fj:massoffragmentj;forj=1;:::;k

ai:massofAAi;fori=1;:::;20

p¼

6
6
6
4

k X

j=1

fj=M

3

7
7
7
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IPModel

xi=#AAsoftypeiinpeptide;i=1;:::;20;2Z+

yij=#AAsoftypeiinfragmentj;

i=1;:::;20;j=1;:::;k;2Z+

Constraints:
20 X

i=1

aixi=M(1)

20 X

i=1

aiyij=fj;j=1;:::;k;(2)

pxi=
k X

j=1

yij;i=1;:::;20;(3)
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IPModel

zj2f0;1g;zj=1iffj2B

Thus,zj=0)fj2Y.

AssumeM¡f2<f1<M¡f1<f2

X
aiyi2¡

X
aiyi1¸(f2¡f1)(z1+z2¡1)(4)

X
aiyi2¡(M¡

X
aiyi1)¸(f2¡(M¡f1))(1¡z1+z2¡1)(5)

X
aiyi1¡(M¡

X
aiyi2)¸(f1¡(M¡f2))(z1+1¡z2¡1)(6)

X
aiyi2¡

X
aiyi1¸(f2¡f1)(1¡z1+1¡z2¡1)(7)

(Note:all
P

fori=1;:::;20)
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IPModel

²use
kP

j=1
cjzjastheobjectivefunction

{cj¸0
{varycj'stoobtainAAcountsforcandidatesequences

²giventheAAcountsineachfragment,obtaincandidate
sequencesbyenumeration

²ideally,thesolutionwhichgivesmaximum
P

jzjwill
providethecorrectsequence
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IPModel{Modi¯cations

²errorinmeasurementscanbeeasilyaccommodated

M¡±M·
20 X

i=1

aixi·M+±M(1)

fj¡±j·
20 X

i=1

aiyij·fj+±j;j=1;:::;k;(2)

pxi=
k X

j=1

yij;i=1;:::;20;(3)
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ComputationalResults

²Preliminary

²randomlygenerateddata(peptidesandfragments)

{peptidesoflengths10{25
{#fragments=0:4{0:8£peptidelength
{accuracy=3ppm

²typicalMIPsolvedin¼50;000branch-and-boundnodes
byCPLEX(severalseconds)

²75candidatesequencesgeneratedonaverage

²overallerrorrate¼10%
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Summingup...

²anIPmodelfordenovopeptidesequencing

{simultaneouslydividepeaksintobandygroups,and
{provideAAcountsforeachfragmentandthepeptide

²incorporatesmostpreviousmodelsused

²extensivecomputationalstudytofollow

{onrealMS/MSdata
{randomdatageneratedbyothers

²howdoesthe#candidatesolutionsrequireddependon
peptidesize?
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