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present invention generally telates to nass

spectronetry technol ogi es, and nore particularly to a

SYSTEM AND PROCESSTOR TPRE-&?’IL‘IMHNGI OFPTANDENMMASSSSPECTRA
spectra using E}}Secevvl se convol ution. Background of the

I nvent i on [ 000 SINGPHYEWISELONYRBUTION ot eoni cs
is a powerful analytical tool that is used for
obt ai ning am no aci d sequences of peptides and protein
identification. A madfeldufche Divdneioni S an i nstrunent
that measures the mass-to-charge ratio of individual
nol ecul es that have been converted into electrically
ar ged
00 O e P SRR P B SF HORRI LU ETE RS {eBhmologes,
andsmpeer partlculaﬂy to hesyistens amd prdvess foxgwe-filtering fof tthrelem mass spectra
nst r unent dered from |l ower to higher
usmrgdggcelwdsecq?élyﬁlg’uf’%tl os. The data is typically displayed
as a plot of intensity vs. nass-to-charge ratio. The
i oni zation techni ques generally used to ionize sanple
peptides in nost pBackgroind ofithewyentio Mat ri x
Assi sted Laser Desorption |lonization (MALDI) and
El ectrospray lonization (ESI). [0003] Mass spectrometry
[0002& expermvagcspdirameey (o) @ pfaiédmicy i%bw&ﬁﬂ%&@ﬂ@ﬁl tool that is
e applications in proteom c anal yses.
used diofs elefaiaingeaminot apid pegyercey rquentldQSh@dn@@tpnt uieebflpa;m A mass
for 0 r
spebina 1S S0 RuibeRt i BEIRI D AR CE R AR R S tndividual
moleuﬂbﬁmaoﬁad%eéﬁbmﬂ intbelecaicallplcRargtd gad—bﬁasﬁ mdiecules or ions.
Bi o-Gid _Mass. Spectronetry Dat abase (| BG MsSD)
Thesg, ians arefflterpd desush aVAYAS Q) pgwaceaﬁhe&dateé&eww ‘lfafP‘P {pns as they
past B DR or el (ARG INE S ho b ftios. The data
is typicatiys slisppeyed rasnetplyt ofaidemsity v mauqslfte-mhmge aatis.ef The ionization
web interface that will allow researchers to,a

technigney generallyussd tp donizesample RERAdSH 11 MORPrRigeRip %1%?3{5%?1}6 Matrix
Assididi Nés@f‘@l&sd}ﬁl@&ﬂon{zgﬁ&ﬂ MALIDIS A BV praf IohB RGBSR

spectronetry ( , e identification of protel ns
[000%4s becoMQSSaweetacsmetry ssm:cpnmmng:@ mmcb%ra@tﬂeswwtwcmse of the

NvVol ves t SS spectr ana S| S
applifffing 5F proiBamic it  ARNE SRRGGRe e e B B340 thdnecd to
colieett the Weigé Oﬁﬁélﬁﬂsl ga ilﬁ’éﬁ'ﬁa% 6068A0a0A Rakd @ dvaflgblefto researchers

interest fromthe sanp ese selected ions are then

worldikide has gededavidh alnumb@hOfcMS datehpsesy r Rariexample, thepllinais Bio-Grid
Mascsn%]!)%:e toreﬂceﬁg ]{)%tese gfﬁ%ﬁ} ll\éf?ﬁ Zﬁ Q%ﬁghﬁ%ﬁ%ﬁg&h&nc&%earaﬁhecﬁmotated

empiflOAl5] @etivedninhys, spettea aﬁpeiﬂideblsfﬂég@ﬂtcﬁ thadetabaselie to address the
re-filtered before being used for |degt|f| cati on of
[

need fop & Bebig ¥nebanass Spestiamely: detpiand;to wplement 4 pseful web
inteRfabd flat Wi gﬁb&i fi‘és%afe b arﬁb&:MthﬁBeé AAipeferh 5%&1‘3‘:% tasks based

systenms and/ or art| operations. "Many known
onqheifiﬂdivtiealmwgdsal gor| thms are available; a few of them

[o00 aﬁ&nc liw a ven ot %an mhr%[clss spectrometry (MS/MS), the identification

of proteins has become an easier and more accurate process. MS/MS involves two stages

of mass spectrometry analysis of a sample in a single experiment. The first stage filters out



[ 0006] The Open Mass Spectronetry Search Al gorithm
(OVMBSA) is an efficient search engine for identifying
woBhNsB1papt i de spectra by searching |ibraries 8s€Tisnoos 000070
protei n sequences. OVBSA scc#es significant hits with
a probability score devel oped using cl assical
the [P @f fupelest from! thoGamplee Firs® scleaed idnisand thmtﬂa@stduﬁfbda collision
in BLAST. The OVMSSA noise filter h,ggehsever al step

cell thas breaks tthesjons inte smpllge s fzagments PR RE gﬁﬁla@eseparates and
t [ spercentage of the maxi num

detelc{r% “2‘%% SMIE&OE?}Z‘%yeﬂef ault, OVSSA cuts peaks bel ow

[0008] 5% of CtdrmnﬂyxtlwmtuahMﬂﬂMSt @a,ta ha\tdmll@rprbmlmadalbafereltmmg used

use ustabl.e and i s nodifj cal.l in
for ER8HGHPh 5 anpine M0 O RPIEIEE s 2 heausE the)Getual MS/MS
datL&InBAif t76 Yodn ?r{ﬁild% o ﬁfé‘-‘s‘iﬁt@ B ah@/or Bl oBEﬁmbHé r Many known
step Is to elimnate peaks that are obviously not

prefiiteong slgomhms ara hvalabb a&@ﬁbﬂhﬁmxﬂl teydegsribreidrtiriedly heretins
toodgf' i n° GPtRcOBL Rt SPraRimgS, S0 apEdH B (BT iy an efficient

sear@l iR Ufor ilentlfoml PISEMSI peptide s;p@uﬁaebifl deﬁu@huigshlbl@nes of known
filter out peaks that are too close togi)&ther In th

proteinssgquincess (WM B Acteareg significanichits il a pro b sqore deipped using
ctasleht RO, BLOHD S, JSRAF bihod b poBEATEY ifomssa

noidel il hap @&fefﬂ,stdphe Thé Ifirstrstepxiam deleteelmhgmeﬁd( pearks ovtbsé intensity
of intensity. In a region 27 Da of the peak '

is belexhp mecentage of the mﬂtm@nﬂﬁ@pﬂ%t?% e Byelefayl eCI&l@%@Aeﬂlts peaks
beld‘{x? dzef% S ndht %erﬁnfé'ﬁ@ﬁy,' aﬁth@ugl?%@nv e Gd! 'u§ersb ﬁstaﬁl@ and is

peaﬁ from sanme 1'on series w exi st
mochﬁbcy dpnmnlk:aimy fr dw Indtepactonfpthe rmbgotriging. i The @eomdastepasnto delete any

remgaél!ggg} ]e)t]ecqrﬁcér lgﬂ,melli{lgg dl“kéﬁ,ﬁhﬁg slffz)l 1'& %os ?léltag’laﬁ?ﬂ‘( %haﬁ&tha% are oebv1ously not
moﬁ&‘fseﬁgfco IFRPIVacBRRAlIHRE 6 CRARMing Ife?ﬁ%vﬁ) ordér & intensity and deleting

preprocessing and anal ysis al gorithmincludes peak
peakiethetare ovithip Qaa 2ra ohﬁhn gz amhlle o€ therpaalsbeingraxamined. The last step
eak det.ection i s base

i tﬁ‘@%éemﬁi%lsrﬁf TG o 265 T 13 AR el R precussor

ezt AMdIE- giedirh BRrURRY dffeRRat P froiheisRgd B kpdeddallt is assumed that
s ices in the chromatographic tinme domain. Wthin _each

1+ and 2+ quqbr@ asitgimmainy det BPaHch densyFardResespeeten, it filemsxamines
eacflg %}ﬁ(n et 13@&&3; IIﬂ"aa @gfoﬂt+2'7rbe[ Qtethél 'eﬁ?b ﬁ%%ﬁmmed all except
PPy At on, peaks “are sefectéd using &S

the st dtahigé péefk is Belzaadsindef the fammq;tmdhwtanla\mgmn ef this size, no other
transformati on and the resulting negative
peak (frsup the) samedon sxees ovillowdd A9doly 928 119% flz%flr?evomplememary ion
n
seriEfBRATARE 27 Dl s DAt SR 16 i RRIE i QEME T Ralent amino acid
[0007I]1e nu rrb(éi) affchpenaite graphy nmasdsfecwometny (K@M@ramp@pmbessmg and

i ec conv [ ution 021 e ob ct| s . and
agy FeP? ‘%‘1%81% éﬁarq mjghis PigREAp e, glignment.
The lf_hr%kfcﬁ{ekﬂé% ﬁ%a@@& &h b@dng eRarCMIS Gﬁka‘iﬁtomh@éseé fr@é€lion of a mass unit
odi nrents thereof in connection with the
(0. lanéz)rmpiele yind ghety opeiratiyeg orBthiosd indéddual pshpmndhe cheomatographic time

dorgi o Wi 7R £l T PERHl S, TR ae 5 AR B, P B figustoy a

each @inleYoistiifl Widice mﬁ&* &“ﬂtﬁ’atiohk%ak@ﬁ@’@l&&dﬁiﬂﬁ%raﬂl gnal-to-nmse ratio
denote |like elenents. [0023]FIG 1 illustrates various

cutoff.c Besgpse pof rthe sgcemd- ﬁeravaﬁéwrwfmxanﬁ@ ndy g ﬁF%thil% negative
[ 0024] FI G 2 shows an exenplary MS/ M5 spectrum of a
pepti de AVAGCAGAR. [0025]FI G 3 shows a typical Ms/ M5
spectrum data i ncl udi ng noi se and i sotopi c peaks.
[0026] FI G 4 shows an exenplary illustration of the
princi ples of the piecew se convolution in accordance
wi th one enbodi nent of the present invention.




[0027]FIG 5 is a figure showi ng a common tandem nmass
spectrum [O0028]FIG 6 is a figure show ng a portion of
woheosriesull t ant t andem mass spectrum after the ROTSE2@1W00070
isotopic filtering processes where all peaks have
normal i zed into 100. [0029]FIG 7 is a figure show ng
[oo2bf'€ I eSuh lanGthePdBERMINSA GFARY OYstérh, Ofie REMmpatePrbgoding Evaluates the
tandem mass spectrum shown in FIG 6., [0030]FIG 8 is_ a
qualitygof éhe erM»g speetran abased qn dhe epmber f opeaky ghigjged from the

Ascot re. . 9 is a figure show ng the
perégfgﬂch§§%8$‘Vlg\ggmgg)ﬁé versus SONAR score. [0032]FI G

[002ip is a THewbjeckiovd agl dhvansgesof theiityentdon wilidecome apparent from
selectivity of the present inventi.on. [tﬁos

) 3].FIG 11 . )
the Epllowdng dta girtisaetgrefered gmodimepts ey Ogé'Pg:SPP?OHHP with the

i . i.se convolution that was used in the tests
accegﬁf);{iﬁgfﬁpcﬁg\?m S

resefit’ i nvention. WD
2008/ 111911PCT/ SG007/ 000070 6 [0034] FI G 12 shows the
scores obt ai ned %@EH\/AS , &_and t he algorithm
of the present i eﬁﬂﬁ‘ﬁbﬁé EHMEd Descri ption
of the Invention [0036] The present invention may be

understood nore readily with reference to the i
[0022b] | owi rRyefderedi dngbditoents i qscordingoto ther presenteimyerfioremils now be

0 o i on. . . 1 .
deSCl‘Ebetthgldl nr\c/f%?etnlcg o the Figures, in which like reference numerals denote like

elements.

[0023] FIG 1 illustrates various breakage points within a peptide during
fragmentation.

[0024] FIG 2 shows an exemplary MS/MS spectrum of a peptide AVAGCAGAR.
[0025] FIG 3 shows a typical MS/MS spectrum data including noise and isotopic
peaks.

[0026] FIG 4 shows an exemplary illustration of the principles of the piecewise

convolution in accordance with one embodiment of the present invention.

[0027] FIG 5 is a figure showing a common tandem mass spectrum.

[0028] FIG 6 is a figure showing a portion of the resultant tandem mass spectrum
after the noise and isotopic filtering processes, where all peaks have normalized into 100.
[0029] FIG 7 is a figure showing the result of piecewise convolution performed on

the tandem mass spectrum shown in FIG 6.

[0030] FIG 8 is a figure showing the scatter plot of MF Score versus Mascot score.

[0031] FIG 9 is a figure showing the scatter plot of MF Score versus SONAR
score.

[0032] FIG 10 is a plot showing the sensitivity and the selectivity of the present
invention.

[0033] FIG 11 shows the pseudo code of the pre-filtering algorithm using

piecewise convolution that was used in the tests of the present invention.



[ 0037] Throughout this application, where publications

are referenced, the disclosures of these publications
wanreosheraby i ncorporated by reference., in thePCT/SG2007/000070

entireties, into this applicdtion in order to nore

fully describe the state of art to which this
[oo3anvent i FIGPELt ¢iows. tHeOBRBds Bbtakredl Al MASCOT, SSONAR and the

description, specific details are set forth in order
algarighy of Whegaresent MYEMiRM under st andi ng of the inventi on.
[oodspWever, it will be understood by those skilled in the

relevant art that the present invention may be

practiced without these specific details. In other

i nstances, well-kng t hods, ocedures, conponents,

and materials h%@‘%ﬁﬁ%@éﬂt‘%gg{he DyentPYet ai | so as

not to obscure the present invention. [0039] The

present invention teaches various enbodi nents of the
[0036) st em dFe pessotiwentioatmay be fundergpodmondyrendils with refarence to the

dat a el oy the pringiples of .convol ution. The
folyin A8t S B plich bEforfi Ep B REmS o1 Rk o § on
[oozzf € Wel | THeB@Mdut Nthish @ipplidtiodY aRhera! pablicAoRs et efeferenced, the
_for better understanding of the present invention L
disclpsuess ofctbesei pblig#tipng fare gmby (RCOERPraad by ratsrenGe-oif their entireties,
intoka)t'hfs #ﬁag&t%%qn Q)?&e?'tggnérg Rﬂﬂt] dm ilSJ]ﬁl% {a{t% oPAf? ¥d g}fﬁjcha[his invention

rie escri ption of peptide Tragmentation an

pertadsul t ant mass spectra. [0041] When a peptide is

subjected to_fragnentation by collisjon with neutral,
[0038}s nol daghefollowpre detailsdedepcrintion. srecificlptaily ags set forth in order to

i8S laBRtandi ih{<Hiifoh N af; WiSbe understood b
pro P e Pla o RS T 8 oy RISl a8 andarpood by
thoseetkiléseininathy rélevebs aitrthdthtbe pegséntdeyention apayrbe psacticssiuwighout these

at. the peptide bond. Wen eptide i.s fragpented at a
spedifif fotrifapl HECh BIHEE: WEUAKTNE BHm POGHITA EPBgRRHs, and
mattMBs hAROIBR been @sBrib&d ifRaill B ok A6t AR BleSredRat invention.

peptide fragment retains the positive charge at the
[00391 t er mi rillee fesenteinyensiand tearis, varioussergbodimgntsy of- thgnsystem and

prorgst ol rkTe eEng ot recialg hih B BpRRi s yinciptes of

conkél%itién.C IMB | gefi@al principled 6NcondbRItion il Tedgynedifidiod &t well known in
peptide is fragmented, WO . ) . .
theip golgyant 10151 pomethelpso fo beter oundersiandings pfydhe present sipenion brief

' : cont ai ni ng
desifdtnt br SR I Bl EraBRCRARLY e oy RBEREDE, TOT ) ¢
[oodopst as Mowethtreals prosiglednd brieb dedcyiptibmrof qebpridptiraga®ntation and
tend to produce two singly charged ions, though

resW BRLIRSESPCEF bl v charged | ons can al so be for ned.
[OOI?IP' NS afifhey ol RBBASECsub el o6 £ gati‘f‘!ﬂ%'}' collision with neutral gas

agment at I on ‘occurs under | ow energy conditions.
moleOdlds [ths frapmentation islitshiced biyacamsfer af koweticepergndiom the neutral gas

var.i ous . breakag ints wi.thin a peptide, resulting.in_ .
molgHIFR U PPPAGaNL e Pritkas FEORar EiFgRn ARGDaRds R te beptide
it cOfffnly &ddars 2 ¢hd'pephide Boh@NWIRNG Fepti@d s frAdened R A sidgle peptide

pairs)” and c-ions and x-ions (conplenmentary pairs) are
bond| betwéenrthe darbdid sad ndrogen. tavof fsagmeantsire fompedg fn theagase where one

curs at. high-gner condi tigns~since hi.gher {s
peofiié BBy et Rl P B R i PerRIBIE R s called
a yié 4B eRnivhset Siahé posiG e élakde atahdNyte@hinys, it knéwfl as a b-ion.

b-ions, they can _be used for protein sequenC|n%iand
A trigawsnallychasiafempigrsntary yoies. JRhenasinglychanged peptide is fragmented,
spectrum of a peptide AVAGCAGAR. The wei ghts of the
b-ions are as follows: [0044] b(n) = [171.11 242.15
299. 17 473.22 544.26 601. 28




672.31]. [0045] The weights of the y-ions are as
fol |l ows: [0046] y(n)=[775.39 676.32 605.28 548. 26
WO 24082214803. 18 246.16 175.12]. [0047] To deri vecrise2007/000070
pepti de sequence fromthe abbve spectrum the weight
di fferences between the b-ion peaks and the wei ght
the aiaféeel@ Qétﬁﬁﬁd ety aeshettBigniind Aid m%me ﬁagn@:ﬁlcaudaﬁﬁ@githe charge is

For l;rg fromthe spectrum above, the wei
detegliefl fvehtilerfe Obear\feagmenp isalost 3532 pefEalif samnoma&?x ghayged peptides

o B 5 M, i 0 ) ot
be forhéd) rtSLonB\/randfy @ raes pounlly forméed evhanifregneentation occurs under low

"dycine', and so on, thus yielding the final peptide
energé&%d#@%n%f AVAGCAGAR. [ 0048] The inventors of the

[00491;1 esent gap Qllldvﬁ‘?tﬂé i s ?ﬁggﬂéﬁlqtl&h Fhay REIE Vation¥ "BIE ke points

mass spectra data afoufid the mid point of a tan
withifoh pBptidee cdsnltimg inidiffeserit ifmgmedtspém adlqunusd wiagnoand b-1on other ions

O R TE TR OM R T e

air®Zark %ls%%fﬁ{@d efthedeQohd Ak f@ﬁﬁéﬂeﬁﬁeﬁ/ ﬁag&ﬂgntﬂt?orﬁ&&ﬁ’seh’t high-energy
represent the same amno acid Al anine' at

concbabnmn@rtdgltﬁr amnun@sqf ondgy e Iywnmil tpdragk these rbég% nds

[004%1@ is equh%\ﬁp%ﬁ‘dt 89688? r?aP‘%wL f K r\’/\sle%rﬁit ]\Sﬁmgh g‘?e?// %QH be used

for %gfé‘{n §&j&él@c§ 8 hnd i&nﬁﬁéﬁﬁoﬂnm thbdls aﬁe)(éﬂnpﬁry MS/MB §éctrum of
| ton ‘and b corresponds to y6, and so _on. This

aP%b@@AWé’eﬁ@éﬁﬁﬁ r Yheywgights of shederions @seas followsit ur e t hat
[ood4f eS]E*: |t by nBPfl\liEﬁh’\%tﬂ%pidﬁ%tMg rttzq44°2&g§(ﬁ'2$t67% "

Spectium
[0043])08/ 1lIﬂlbLFKi§V1t§&ﬂ@75/ ibﬁ@ﬁ)r%&s $ol[d3@949] Now t here is

10081 s orih RS ShVEIRLRS G2 U850 P A0 AR k75121,

[004‘71 ggff ?rhTrE e the PHePtial selfentO Lffdrﬁrthtsré%% Odptrum, the weight

differences between the b-ion peaks and the weight differences between the y-ion peaks are
calculated. For example, from the spectrum above, the weight difference between b, and
b ions is 71.04 Daltons, which corresponds to the amino acid ‘Alanine’, and the weight
difference between bs and by ions is 57.02 Daltons, which corresponds to the amino acid
‘Glycine’, and so on, thus yielding the final peptide sequence of AVAGCAGAR.

[0048] The inventors of the present application discovered that there is symmetry
in mass spectra data around the mid point of a tandem MS/MS spectrum, where the mid
point equals to (mass-to-charge ratio of peptide) / 2. For example, as shown in FIG 2, the
weight difference between by and b, is equivalent to that between ys and y7 as they
represent the same amino acid ‘Alanine’ at 71.04 Dalton and b; corresponds to ys while b,
corresponds to y;. Likewise, the weight difference between b, and bs is equivalent to that
which is between y; and ys as they represent the same amino acid ‘Glycine’ at 57.02 Dalton
and bs corresponds to Vs, and so on. This observed symmetry proved to be a useful feature

that is suitable for the application of convolution in pre-filtering MS/MS spectrum data.



whi ch reduces the nunber of conputations needed for
Npoints from2 N2 to 2 NIg N, where Ig is the base-2
woOagmrittshm | f the function to be transformed PETISGR007/000070
harnonically related to the &anpling frequency, the
response of an FFT | ooks like a sinc function
foosop! t hougNoivitRere 1§ p@vadedch Mdsflesdriptiohidf the fast Bedrjer transform and
Aliasing (leakage) can be reduced by apodization using
conyolpd®br i ng functi on. However, aliasing reduction is at
e exp f C r
10050l 1) Pt Tof FRBP Hafk (AFTSA S dibac! RGP ipsfomm algorithm
whitlh mluemhe hambasof @easjumions nedded fomépoiatsdrahed Nzrm 2 ¥ie N, where

infre The ol ey- Tuk FFT. algorithmfirs
lg it Sbebien. e tencbie i BF tranprnetEls ol Borragnigally related to

the %ﬂng@?fﬁﬁﬁ*éggsgftg@ :i’%ggh’%egéit FRrS sk SindBhh&fbn Qithough the

reak up a transformo
1ntegmtﬁgt pDer it spilk cmrebt)anPdfamngt(leakageen%gt 1bf: Ndueﬂdrigv apmdlzatlon using a

resﬂgnge?ava e -2 yr I\/N /2) n=0n= O [0053] The al gorithm for

1fft (X) is the same as the algorithmfor f ft (x),
[0053% cept fHast Epur@r gnnsfhlaam glgorithmsgenerally falbinte pwoelasses: decimation

o ) o iy, RCRIBEAIEEY By bl e

the fuﬁfut BRWRAS iffbittreVersdd ofder, ahdWkdn Wfldk alié mﬁt@ﬁt iraisﬁtrhﬁ(demmatlon
that have only small prine factors. pi cal |

in tises)e The besigridea iy tohseakiysra ur@wgqrwsoftlﬁ%&th é}rl%torSWP ﬁ@n&fpnns of length
4 |
A ity S R @b Bl e R Ot e

[oos2py one time, starting fromboth ends of the spectrum

t|| the entire rSRpectrum IS beﬂwg processed. 8 peaks
&n»b&ca 1- Ak ) v ed te:iperdor m t he
con Pﬁ i on, “Re Iengt\h}!a L!%e*ét to be of 2An. In)

addltlon the preC|S|on of this | ength woul d be 0.8

Dal t 8¥%! Ho t b8 t
LOOBR bl LW Fﬁ 44 -bewawpi trary

f untt | time t erf transforns so as to
have ’f=ﬂe fol | owi ng equati ofi¢ (2) and (3): WO

[005¥908/ 1119hd RXcbtifbar @174 2000713 tBe 5HRDE the alRyitHm [fér £43](x), except
for gltsggn_ciar(léeoa{ndear sclaYe Eact%\lf of n = length(X). As for ££t, the execution time for
if£t depends on the length of the transform. It is fastest for powers of two. It is almost as
fast for lengths that have only small prime factors. It is typically several times slower for
lengths that are prime or which have large prime factors.

[0054] Convolution was performed using two blocks of 8 intensities each at any
one time, starting from both ends of the spectrum, till the entire spectrum is being
processed. 8 peaks was chosen because FFT was used to perform the convolution, hence
the length is best to be of 2*n. In addition, the precision of this length would be 0.8 Dalton.
[0055] Let / ()and £ ©) be arbitrary functions of time ¢ with Fourier transforms so

as to have the following equations (2) and (3):



-co co, ry- 1 [G(v)](t). f G Men." dv, -0 [0057] Were

ry-' (t) denotes the inverse Fourier transform (where
woheostmensf orm pair is defined to have const anPeTAG2007/000070

and B = -2 70. Then the conWl ution is perforned

according to the follow ng equation (4): [0058] r. [fF
[oosey) (t-e) -0dvid , -0 [0059]Interchange the order of

integration according to the follow ng equation (5):

[ 0060] [ 0061] Now, there is provided a nore detail ed

description of the pr e- filterdsng process i n aceqr dance

wth gee enbodi rrentﬁoff’(t']h@=p e€éhe’"I"dent i on. G 3

shows a typi cal ectr dat ncl udi ng i se

and i gt} opi c peaks. ‘f'"N?FFé B¥le= frﬁq(@F?{nJgdﬁr ocess )

conpri ses noi se peaks filtering, isotopic peaks

renmoving, and p| ecew se convol ution. [0062] The noi se
[ooszgaks fi WieEd fig Odeddies thai inlvétise Foafeofraisfierm (where the transform

pre-filtering process Inoe odi ment, the nqQis

palrpléai@ﬁn% toVpveESonpants Flim  asd “r ehpRRethe Py pfiion i performed
[ betreated as a noise one if
aCC61H n%rl? e %gP‘g\;ﬁvlg%ip%?re- d 'er mned intensity threshold
[ooaahat can be set by a user according to certain
paraneters. The noi peaks are sinmply renoved from
the MBtMS spestrum ae&"]ﬁ'@‘r—?aﬁy further processing.
[ 0063] The i sot opi ¢ [&aksresul tmw[ {n he exi stpgnce of
i sotopes for eertain &€dqy, F0e ]

[0059] Interchange the order of integration according to the following equation (5):
[0060]
Fug - fmF[v) U”g[:')e'““"’ ae'] ™ gy
- ﬁgf«* 06 (v?e“"” dv (5)
- 17 0) G 0] €0
[0061] Now, there is provided a more detailed description of the pre-filtering

process in accordance with one embodiment of the present invention. FIG 3 shows a
typical MS/MS spectrum data including noise and isotopic peaks. The pre-filtering process
comprises noise peaks filtering, isotopic peaks removing, and piecewise convolution.

[0062] The noise peaks filtering is the initial step of the pre-filtering process. In
one embodiment, the noise peaks in MS/MS spectrum data are removed by their
intensities. A peak can be treated as a noise one if it falls below a pre-determined intensity
threshold that can be set by a user according to certain parameters. The noise peaks are
simply removed from the MS/MS spectrum data for any further processing.

[0063] The isotopic peaks result from the existence of isotopes for certain atoms,
interfering with the identification of amino acid sequences of peptides; thus the following

step of pre-filtering process is to remove the isotopic peaks. In one embodiment, only the



interfering with the identification of am no acid
sequences of peptides; thus the follow ng step of
woneosflilidier i ng process is to renove the i sot opPCT|S62603/000070
In one enmbodi nent, only thelOWD
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invention. It by no neans intends to limt the scope

of the present invention. [0071] The pseudo code of the
wonreosfitidier i ng al gorit hm usi ng pi ecewi se convoPariser007/000070

that was used in the tests dg the present invention is

shown in FIG 11. [0072] The test was performed wth 557

[oosappubl i HeAdMPB/HYS dat asets. Two software prograrmes
were used to verlfy the results the first one i

[oorghscor, Eedollpwingeexsmplesrase ifer theygplr PUTR%%CSQ,fd}lggratmg the present

84 4 Ao TN I O

[oomgaf er r | n?g‘hé pseﬁtl(ﬁcade dihe gra- ﬁltq:rmgvalgmihm dsingpiecesvisveonyolution

he [t pl ot of MF Score, vers ﬁ&fcore

th at‘WPér“ée wt quSﬁé%frthecBrFfe@F vegtienjs s ‘@5’1 R scores,

[0012F as -fae \/\}1 %d'\i)ﬁl'i &35 C anpuMlis RO MS/ MY 1d8AS&S  Two
near | Y, I ch i r}r))

l'es that good mass _spectra produce
softWagmpnmgtanhncsgwpeaﬂtsed dgarvesfy {he0gsilispther fifse pné mgMASCEID"G and the

e S SN EE L b G R AP, AR B o

the pREER iffeh@bn BRIAERA it PR3 g25Cores, i.e. as the SONAR
score increases, M score increases |inearl whi ch

[00Z8hai n i MOW @gferrm togfd6ui8.nthere is peavides pfiguig oWarg]the scatter plot

of l@ glécgrieirlrgrsﬁg g)fﬂs thfgélr%pl 01%212% [l\l%var c%%rgfaglgﬁ gle weeh: :%es%%cd)res i.e. as

the Mg c6ebcRed indrdéades) MFheorer m&&@iesllmeéﬂﬁl QﬂlChAnqm@d thdb dodd mass
defined as the one that protein can be found in a
speeft poducs highmetehing neaki cNmts.s t he one that does not

eld a te.
oo} 2559 Wl B 055 SR8 gkl B0l
of MEIScer vepsus tSHNARadcatea SEhekdBta llll’&lﬁESomdsletusebatwherf ﬁiekesscores, ie.

to identify any protein while the, spectru a
as the SENGHE scorp achasgs. HIF saqee gs%swﬁl@ﬁﬁy,b%@ faa .1% es that good

mas?ﬁ?t\égﬁ od&%%ﬁﬁﬁ%ﬁﬂc gy €=0. 3788. This

store S |n Ifferentiating the
[00783ssi ng NS frefeming & FIG 110n glelsﬁlq povyided o plobrshdveing dhe eensitivity

A el TR SR o
canﬁgz: i’rﬁmdt 31 g;lgtgba%gs%al%ﬁ howsr Mshig fhd Bfe that 86&esdtiyald a result after

database search. A cautlous note: there could be proteins which are not found in the current

protein database that makes the search fails to identify any protein while the spectrum
could be a good one. The plot of the good-MS and bad-MS curves shows an intersection at
a score=0.3788. This threshold of score helps in differentiating the passing MS from the
failing MS judging from the score itself.

[0076] Table 1. Results from SONAR
Good-MS (SONAR) Bad-MS (SONAR)
Higher than the intersection
Point (0.3788) 243 38
Lower than the intersection
Point (0.3788) 48 228

[0077] So the sensitivity and selectivity could be calculated:



[0077] So the sensitivity and selectivity could be
cal cul ated: WD 2008/111911 PCT/ S&007/ 000070
wWQ2008/11jA9078] Sensitivity = %gs /| ( 243+48 ) =PCT/SG2007/000070

[0078] Sensitivity = 243 / ( 243+48 ) = 0.835052 = 83.5052%
[0079] Selectivity = 223 / (231+30 ) = 0.854406 = 85.4406%
[ooso] In certain embodiments of the present invention, there is provided a system

by which MS/MS spectra data can be processed by the piecewise convolution as described
above. The system comprises electronic means for receiving the MS/MS spectra data, and
computer executable storage medium in which the computer programs are embedded. The
embedded programs can perform the piecewise convolution on MS/MS spectra data. The
system further comprises an output means for outputting and displaying the results. The
system may be any electronic device including PC, Notebook, or the like.

[0081] While the present invention has been described with reference to particular
embodiments, it is understood that the embodiments are illustrative and that the invention
scope is not so limited as such. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.



0. 835052 = 83.5052% [0079] Selectivity = 223 / (
231+30) = 0.854406 = 85.4406% [0080] In certain
wenhsdiiment s of the present invention, there i BCT/SG2007/000070
provi ded a system by whi chi185/ M5 spectra data can be
processed by the piecew se convol ution as descri bed
above. The system conprises el ectronic neans for
receiving the Ms/ M5 spectra data, and conputer
execut abl e storage nedi unf¢F-AIMS ch the conputer
prograns are enbedded. The enbedded prograns can
performthe piecew se convolution on M5/ M5 spectra
Whatds alainldteissyst em furt her conprises an out put nmeans for
out putting and displaying the results. The system may
be any el ectroni c device including PC  Notebook, or
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and that t he invention scope.is nqt .so limted
sual? WS&‘?CMSFM ?Pg%‘gf ﬂ@ﬁ?@ympﬂgﬁ&om%é%ﬁtenaﬂienti on
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2. ' S'The process of claim 1, wherein before the step of performing piecewise
convolution, further comprising a step of removing the noise peaks that have intensities

lower than a pre-determined threshold.

3. The process of claim 1, wherein before the step of performing piecewise

convolution, further comprising a step of removing isotopic peaks.

4. The process of claim 1, wherein before the step of performing piecewise
convolution, further comprises a step of normalization, where all selected peaks are

normalized into a pre-set scale.

5. The process of claim 1, wherein the step of performing piecewise convolution

evaluates the quality of the MS/MS spectrum based on the number of peaks.

6. A system for pre-filtering a MS/MS spectrum of a polypeptide, said system
comprising:
a computer executable storage medium in which computer programs are embedded,

wherein the computer programs enable the system to obtain the MS/MS spectrum from a



1. A process for pre-filtering a M5/ M5 spectrum of a
pol ypepti de, said process conprising the steps of:
woho@iming the M5/ M5 spectrum of a pol ypepti dePETSGR@7/000070
source; and perform ngl@i ecewi se convol uti on upon
the M5/ M5 spectrum and then outputting the piecew se
soueN¥i 8 erfdi Wiecehrt Ednvolution upahobe | MB/MS Odpectrum; thereby the
identifying the am no acid sequence of the
amipe pif seucaes of the palypentide canbe gengsatedsequence of the
pol ypeptide can be identified. 2. The process of
claim1l, wherein before the step of performng
7. pi efirvdystencoeislainb] wherefnuhé kempuenpragsamg fiatlet epabdds the system
renovi ng the noise peaks that have intensjties | ower
to rgIAaY? the Bpise ek P BT g laver thgn anife-dgfcimingd gpshold.
claim1l, wherein before the step of performng
pi ecewi se convolution, further conprising a step of
8. r erfkhei systeinsoff cpiint 6 pwhérsin thd cofipetep poageass Gfrthet anables, the system
wherein before the step of perform ng piecew se
to“?UW@HWﬁPP@ﬁFak%wther conpri ses a step of
normal i zati on, where all selected peaks are nornmalized
into a pre-set scale. 5. The process of claiml1,
9. whéFhsi systeheofselaim 65 whereingthericagppice peagraas &uthed eugblesrihe system
eval.uates t he .quali.ty of the / M5 spectrum based on
to npﬂléalf%ﬁr?geSPfeg‘ng’S%ﬁgp% a6[.)re—’§\ess)</: emfor pre-filtering a
M5/ M5 spectrum of a pol ypeptide, said system
conpri si ng: . a conputer executabl e storage nedi um
10.in rﬁm yBteBLpfRliar 6.pvhaiein the eeraPwaHRIggENS qyabates khe giality of the

r bt.aj
MRS oSl ORER T, HARLGp B TS Solidl LT Betimpnce of
pieckvissaoneelntiamd t o perform pi ecewi se convol uti on upon
the M5/ M5 spectrunm thereby the ami no acid sequence of
t he pol ypepti de can be generated. 7. The system of
claim6, wherein the conputer prograns further enables
the systemto renove the noi se peaks that have
intensities |ower than a pre-determ ned threshold. 8.
The system of claim6, wherein the conputer prograns
further enables the systemto renpove isotopic peaks.
9. The systemof claim®6, wherein the conputer
prograns further enables the systemto nornalize al
sel ected peaks into a pre-set scale. 10. The system
of claim®6, wherein the conmputer prograns eval uates
the quality of the M5/ M5 spectrum based on the nunber
of peaks obtained fromthe performance of piecew se
convol uti on.




