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TERM NAL SEQUENCES PCT/ US01/ 49491 COPYRI GHT NOTI CE 100011 A pértlon 0 th
di scl osure of this patent docunent contains material which is subject to
copyright protection. The copyright owner has no objection to the facsimle
reproduction by anyone of the patent docunent or the patent disclosure, as
it appears in the Patent and Trademark O fice patent file or records, but
ot herwbl%wﬁﬁves all copyright rights' whatsoeraUsIGRESS- REFERENCE TO
RELATE TI ONS [ 0002] This | i cati on is related to copending U. S
Pat ent Appl i catmmmsmnmﬂmwﬂ\‘% 5N ber 19, 2000 entitled

"Met hods for Det er niREPFEETERM lF’“é'ff’(']‘qsde Term nal  Sequences, - U.S.

Pat ent Application NO ~09/513,395, filed February 25, 2000, entitled

"Met hods for Protein Sequemaricsir NGFIgecopendi ng U.S. Patent Application No.

09/513,907, filed Februa 000 . er Rptd de Fingerprinting
Met hoH’Q“‘AW‘BP‘b?fﬁFSFﬁ‘EP’F(‘Sé‘X’ Eﬁ?‘%‘%’ t§g%ﬁs%q?egﬂ ‘@Q{t‘% commonl y assi gned
co- pe{a,(ib glkar&ectBﬁtnatopmht dwmertbaone osethlalo ﬁNéacsm(lb“’ll‘P 2 318", filed on

Cet Ob ";;%&t'ﬂi@éi&mfa(&h £ ife P Mot ei n and  Pepti de
Term g&&&ﬁg%lgﬁ&h ttorn docket 5265 PQN1Z. These applications

are mmm eP'é?“@Y"éHE‘éﬂ‘F’l‘Y'SFF?é‘?’YeS PYEIVBFS al | purposes. COVPUTER
PROGRMMtdodvarT | NG APPENDI X [00031 This application contains an appendi x
consisting of a conputer programlisting of nore than ten pages. Conputer
listing is provided on a single CD-R and i s acconpani ed by a- duplicate
COpy, CROSS-REFERENCE B0 RELATER ARBLICATIPNZ ont ai ned on the CD-R is herein

i ncor gtr@QT pPcatioR isSEIRAOE copdiidtig UK. PatdnBApplicatibrt No. UGS, filgd sk i ncl udes the
n es:

follo .. Bat rPerlo co
Bat Coftgieheeifet®® m&v& B4 CY o‘%ﬂgg%’\[‘wf“ﬁ or h; CDi al ogMai nMF cpp;
CDi al sighdateaNE. ShPateﬂpolmmn@‘lﬂFU%%”sm%% e"'@lﬁ'r or LogMF cpp;

CE”O-E]&&%%#,O%% ’*JnEIM:perﬁﬁ U%ﬁ@ﬂm&ﬂMMslBMem duesMF cpp;
CResi dues M= c d&@g&&gut M- cpp;

CSe g ClilfedKebmEy B> 2‘(93@&(‘}& Bg'bf gf%‘g?f“gncewa% pect roConver si onMF cpp;
CSpecChiipeRRydiG adivicodinonBSpdgtd oRendiigh).& Byent mmm

C§pe°b of UL S L AUDHP 19, 5000 26ilod Sullhasiot Deting ProfST'n'ﬂbcbedSpect r oDat alF

Peptide Tenminal Sequences,” Aftorney docket No. 05265.P001Z. These applications are
incorporated by reference in their entirety for all purposes.

COMPUTER PROGRAM LISTING APPENDIX
[0003] This application contains an appendix consisting of 2 computer program listing of
more than ten pages. Computer listing is provided ona single CD-R and is accompanied by 2
duplicate copy, two CD-R in total. The material contained on the CD-R is herein
incorporated-by-reference. The matedial on the compact disk includes the following files:
BatComputerPeriodDeconvolveMF ¢pp; BatComputePeriodDeconvolveMF h; Bfactor cpp;
Bfactor h; CDialogMainMF cpp; CDialogMainMF h; CElementsMF cpp; CElementsMF h;
CErrorLogMF cpp; CErrorLogMF b; ComputeDriftMF cpp; ComputeDriftMF h; '
CResiduesMF cpp; CResiduesMF h; CSeqinputMF cpp; CSeqinputMF h; CSeqOutputMF
cpp; CSeqOutputMF h; CSequenceMF cpp; CSequenceMF h; CSpectroConversionMF cpp;
CSpectroConversionMF h; CSpectroDataMF cpp; CSpectroDataMF h;
CSpecthubtracnonMF cpp, CSpecthubh’actnonMF h; CT abbedSpectmDataMF cpp,
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CText Fil eMF cpp; CTextFileMr h; CuUserl nput M= cpp; CuUserl nput gh;APR 2003
CUser MessagesMF cpp; CUser MessagesMF h; Deconvol veMF cpp; Deconvol veMF h;
Fourier M- cpp; Sequencer M- cpp; Sequencer M- h; and TDSpect r oDat aConmonMF h.
BACKGROUND OF THE | NVENTI ON [ 0004] Many nol ecul es are fragnmented by

chem cal, electrical (electron beamor field induced collisions with

neut r al § o) ecul es), or optical (excimer |aser®LTmsBASolin mass
spectroneters so that the masses of the resulting | abeled ion fragments can
be used t@abbaiSpbtdDwaMIF by CeaFiEMRpl CTaeFiloMF i GlskpwMEceie. I'n ot her

i nst ances ol ecy -~ coe i AeBsees to be further

di stingui gﬁﬁg“pﬂmg%‘giﬁsonﬁpf Eﬁ%fpléégonemll%sa?ngﬁlces aﬁ}l abel is attached
to the pamﬁvohmm%mmmwﬁewpﬂﬁww SeqyeeeMER d i xture, to assist in

t he 'de”“rf)cp%ﬁ}o mohMifnr esul ting | abel ed ions or ion fragments from
ot her chem n0| se 1n the mass spectrum Typically, t-his | abel consists
of el enents, i sotopes of elenents, already contained in the parent

mol ecul e. BkﬁKGhDﬁNWTHDmNTme peaks of predeternined relative
abundances can be found in the mass spectrum and used to confirmthe

i dentify of |abeled fragnents. However, when the Hel contains el enents
(or i sot o[ses) of WM?“&W@S’BV“&PHP@H’WW@ f& parent ol ecule

or in ot hﬁg]dilnmcgmg&{g%ﬁﬁtuﬁﬁl @i nRleevds)) B aptiQElexcinmy buwrshmeanng t he sanpl e
matrix, one or nore of He | abel.ed frg%nq&%dﬁ iBYn f¥erl ap with other
unl abel e linmIFs SPRETERters; 5 ey G oundi ng i dentification of the

| abel ed i wm:&hﬁiemﬁ@y@mﬂm%% In gther insigaceTaRles B r adat i on have been

extensively, ?&qg&%& tidd m%@m&kdiﬂutshmﬂbecu&myehm ng by
col 1'i si onS¥Rduce

| SSOCI atlogﬂmass oSRE trorre§ %ﬁ g%@ aTet hods (MS/ M5
sequenci n¥pme fnglancesalabe) PAF™RES pFaveEd 1o Yaster and require
| ess pr otﬁixﬂndt&&ﬂstﬁchmﬂenhﬁ@moq&essult[f@mﬂfdWB%’@E]G@H’E‘PW s acconpl i shed

ei ther by using. lng,he PJ,,},S uhamemhdlmmam:spf the M5 to
random y grren peptid % girﬁggla Jo I A0S in digest, or nore
typi cal | yorbsywmnﬁéﬁﬁeﬂﬁs "?g"?%"ﬁ"“f'ﬂ te&d gclation in the ion

tTap. Sevgsdheak pdlctivififededaivbdunismes cuubefoind én the s FegERde fragnent used
for M5/ M gﬁse?%e”%m%exdeﬁﬁlv M9ibhi e HWeRE Wik thé1epar ent  pept i de
fragment T contains elements (onsotopesofﬂwseelemems)alreadyconmnedm the parent

molecule or in other ions generated from or otherwise contaminating the sample matrix,

one or more of the labeled fragment peaks may overlap with other unlabeled ion peaks

in the spectrum, confounding identification of the labeled ions. Historically, techniques

such as Edman degradation have been extensively used for protein sequencing.

However, sequencing by collision-induced dissociation mass spectrometry (MS)

methods (MS/MS sequencing) has rapidly evolved and has proved to be faster and

require less protein than Edman techniques.

[0005] MS sequencing is accomplished either by using higher voltages in the

jonization zone of the MS to randomly fragment a single peptide isolated from a protein

digest, or more typically by tandem MS using collision-induced dissociation in the ion

trap. Several techniques can be used to select the peptide fragment used for MS/MS

sequencing, including accummulation of the parent peptide fragment ion in the

quadrapole MS unit, capillary electrophoretic separation coupled to ES-TOF MS
. detection; or other-liquid chromatographic separations- ‘The amino-acid-sequence of the -~ ---— - oo

peptide is deduced from the molecular weight differences observed in the resulting MS



gquadrapol e M5 unit, capillary el ectrophoretic separation coupled tongqs- 'ﬂﬂ:
M5 detection. or other-liquid chromatographic separations. Thel dhi 200
aci d-sequence of the peptide is deduced fromthe nol ecul ar wei ght

di fferences observed in the resulting M5 2 1 9 APR 2005 WD 02/ 061661

PCT/ USOL/ 49491 fragnmentation pattern of the peptide using the published
masses associated with individual amno acid residues in the M5, and has
been coq 'f2j ?1961i nto a sem - autononous peptide seqeencsongpsdl gorithm [0006]
For exaith@*™'n the mass spectrum of a 1425.7 Da peptide (HSDAVFTDNYTR)

i sol at ed %@&tigﬁah@,m%ﬂﬁmhgmeqmismdmhsm powiaedwiéh i on node, the

di fference_ between the full i Qodfiddandddmi-ne next |argest nass

f r agnent '“?Vﬂ“ﬂ%‘?%“?ﬁ%ﬂ"@%%s corretsponds to the expected mass
of an N-tRtoRdnivas peptie sdqbeticingzigodindue t hat is cl eaved at the anmi de bond- For
this peptj c ;laﬁ% i ERME Bicdtifl of $14293 bh fpideas a result of the

generati h?%ﬁ-a ‘g’ﬁlcl:laqce f%éa ment. i ons inéhat i(:‘ig(rij&:l nd to cl eavage of
the pepti @SDAYFERNDGR) iselyteciy ag MYMS capeame rapifsd PR C e ™Backbone. In the

above- r eGjd Sfbrdaciteiwdeh (RTOILRPEIR 1425 Dagmitbey mitilogestaiasdrigm@dPsent i al |y  conpl ete
set of positiv -G ed.fra ' pgmtm; RELINIRSiRE t her end of the
pepti de s ngjééi‘?l'{]ﬁzga‘?ﬁémgas _g(?stté/ﬁ}g?‘ bot h_tshe l\l— and C.term nal

r esi dues. histlissvesidub dgiiscleavediattheamideponde Eorthigpegtidet MRPIRE t o i nus and/ or

C-termnu . et Bflofihizh alv@dancflapmieit ioms | nduced
slﬁ%.ﬁ&?@s ngmbteg?albﬁﬂ f 1he gehbrtieslofihiph

di ssoci at spectrum wi |l contain hédfiasi nce positive
charge 3 %‘WJZB%VW%W?}MY%%%@%@ I's generally localized

at the bagixgonei Indhe abive repited pemidasequency, theggneratipraf ppieseeniallpi cal |y sinplifies the
resul ting spect i) Shara Riktest iohb et itivi@Gidser éda@f dhe ggivent ation into a
limited s ?‘ﬁ%‘%“%wsﬁ_‘z‘ﬁ‘:"??. C dauﬂghler j@?eséid Peptidas.dbal,.! ack basic

resi dues is exgitofrhe basigirofboth the B a1 (EFBME SHoPEx - m xture of fragment ions
that makggomed dRRIe etk tni/o Ctiminusmes ofthd ipkseradeced PBG07] Nucl ei ¢ aci d
sequenci ng..has. hi stori | S QumQnl tnlafithat RE@iGHRcdpaaivay Nt hesi s of

nucl ei ¢ ﬁ"‘ﬂ%?%ﬁ#éﬁ%%&@ni ng random nunbers of bases copied froma

par ent nurbérgs



aci d sequence, such as the nethods defined by Sanger and Col son ‘@%’R 2005
Natl. Acad. Sci. (USA), 74:5463-5467 (1977)) and Maxam and G | bert

(Met hods in Enzynol ogy, 65:499-560 (1980)). A variation on the nethod
descri bed by Sanger and Col son uses an inconplete polynmerase chain
reaction (PCR) nethod to synthesize the | adder of DNA fragnents (Nakamaye
et al., Nuc. Acids Res., 16(21):9947-9959 (1988)). Mass spectronetric

met hod Vesbeen devel oped for nore rapid and maCTAU/EHYd separation and
i denti ] ta |on of the - DNA [ adders, -as descri bed bsY Kaster- (US 5, 691, 141
and USs gnckd ok at tubbebio sitee Thistpregpince O(EES“’BBS’?'W&% "RARE Wyt ler, et al (US

6, 090, 55 lscil MEfdpmEhAiof inRilichited sedpwefvosifiar e | nt r oduced
SI mul t’?fﬂg&fgfc&%% eatbﬁgctsﬁ}ass spefg!tg]lilk g?t elrn [ﬁyd &Q@l,%ﬁ?uence or nunber of

shortdaughtaznderri’tm#e&?@“khar"é’e&é‘ﬁﬁ e nass f erences between
i ndi vi dual, ﬁiagﬁamoﬁsMmiﬂwseqnﬁmaﬁémmmdmsléﬁ@ltagnent | adder. As descri bed

ek At Lopaas i oot bl 0 suence

ane usg?/ I'n parall g fferentlally
| abel Izﬂ@exéi&ﬁﬁagﬁénelcwmgdamm basph e fromPFPENEERi que nucl ei ¢ acid

par. entaFgﬁenF &as%mm%héﬁémtsaﬂg&@ﬁdo&sosm NiteAtddyBclini que masses. Even
usi h S uni MASS Blye Os53YRbgd subfragment ati on
of t h@é&)e%ﬁ@%?“&@a%wﬁ‘éﬂé%rcﬁ%g@gm ﬁ? ng J|;i‘())ér)1’| zation or ion

t r ans g6y omvm&hemmmmedmmand&ntgoq%esmww lefehe nucl eic acid
fragments from ot her (Féﬁg%@ﬁlﬁﬂb‘ SmiltLfk Bl fadds bibNAfRgmennf oundi ng mat ri x

t arRPRMAPSE Hg TFAET b d f th
o e st S A RS THAGE S BT S siiReREniliad Mol TrOm INe

their enti.t ki E,Q’fmaloke:ﬁﬁd@Oﬁxelﬁplw{cﬂ)ﬁﬁ@ihoﬁ’mdy@B%ﬁfWP sequenci ng net hods,
utilizing rmss 364, 143 Sehfo@eilqushave al so been
descr i P¥lagls Réﬂ"é%&%‘ﬂgl&ﬁgw §5’gri41tﬂﬂU§% >

US 5,1 and};ﬁn nd Prinme (US
5, 667 593@;}42) bl Bullerset al (B3 HENSSH: rﬁ‘f"'ﬁfdﬁe a aCE d to a purified
pol ysqfngg@cgag.ﬁu mu@hﬁaasﬁmmmqmemwcmwm@f.smrb aliquots that are
subj ecte di ff r?&%‘g?ggmgg? m%&nﬁwe%nmem I yt I c cleavage to
|

produ@dﬂﬂgeé‘ﬁse?e osaccharl de fraﬁn}r!I r| ved fromthe
pol ysmammmlmwém eB?Js y introduced into
a mass %R%%%{e ama]tnhaemamaaen@ﬁsmuml tydiffemititll in 4 1 9 APP, 2005

WO 02/ U801/ 49491 = the_pa Rk VS RAGERR tengBtesiet er m ned fromthe
resul tlﬂbthlawlﬂﬁmg’@@ﬁ '%ﬁSﬁngﬁ@}”n%ss s%ect Eeg% fromthe random
| abel agmakiftgaansehaficiestyfunigymassess Evenusinglabels o5 He™s 83t A%t i ncr eased

t hr ough‘%é%&grymg‘?o @Q{,tﬁ,?,q u&yofﬂﬁ@lexﬂ&:‘isldﬂgm ssquedcecddddetidiriogr ent  sanpl es

S o b s ol 28 LGP pdlabint s (ags at tached

fragments from other extraneous nucleic acids and confounding matrix contaminants so that

an unambignous sequence can be obtained from the resulting mass spectrum. These

_references are incorporated by reference in their entirety for all puxposes.

[0008) Potysaccharide sequencing methods, utilizing mass tagging methods in the mass

spectrometer have also been described by Rademacher et al. (US 5,100 ,778) and Parekh and
Prime (US 5,667,984). In these methods a unique mass tag is attached to purified

which is subsequently divided into aliquots that are subjected to

lyvsaccharide sample,
poly abeled

different regimes of enzymatic and/or chemilytic cleavage to produce a series of 1
oligosaccharide fragments derived from the polysaccharide parent. These fragments are

simultaneously introduced into a mass spectrometer and the sequence of sugars contained in



uni que purified pol ysaccharide parent sanple. Again, care nust be tﬁé@
with the oligosaccharide sanples to avoid subfiagnentation in th 3 2005
spectrumand to purify the |abeled fragnments from unl abel ed

ol i gosaccharide contam nants to avoid sequencing anbiguities. These
references are incorporated by reference in their entirety for all
purposes. [0009) Identification of the fatty acid conposi tion and pl acenent
in li p| &ﬁd%ﬂs ¢P€ an inportant indicator of the starmswofdaicel|l. For

exanpl g, Iver and Stringer (Appl Environ. M crobiol, 4:461 (1984)) and
Hood et a&.epa(re%pﬁﬂysac&anderdctmmnmmro#“mﬂgw?@B‘g“('ﬁl@’é@‘j’e both report a 99.8%
| oss_of phosg{a@w ?e%dﬁﬁﬁe‘fe@%h@&c&ﬁn&( sxmmearg«mn Bacteri ol .

95: 2054 ( oun

50% of the hot [ d cont ent of
Escher chi aawmﬂm;éwevmwﬂbgaf cﬁ V\ﬁ%shl n 2 hours of the
onset of mﬂhmhk@tﬁpﬁﬂwmmusanﬁﬂlﬁfmtm@h@gsfaw “a“é"?hd conposition al so

shifted signifi gach:d C Sikd i@t ve @kentvi@ dgel | nmenbrane is al so
P"é‘fﬁe@%o %aeccaus Bh?h Rﬁ@P I

of nedi ca|J nt|aI rollnes | xé[ug and netabolite
upt ake, aslighwecharige samplaspayeissthime B |"h © m35E PPAP™ M SeRGM ti on of cel
sur f aces, m&mﬁgﬁhhh&ﬁmwmaaﬁammmmwmmﬁrter| al disease. [0010]

Simlar nass ta aﬂgg e,g,g?g,m |,Qgshcémhe{rhe identification of
i ndi vi duaf*¥€ nefts of conbinatorially-synthesized cheical libraries by
Sugar man en@tetyziwﬂ“?wﬁ*F}SGQZG) and Brenner et al. (Proc. Natl. Acad. Sci.

(USA), 89obihP luemititad on&flzﬁ%))udmmoraandnhqm@tnﬂm@s@age4“abe| is concurrently
synt hesi zed vmth ‘?ﬁ?e %mwgomahﬂa@gﬁ@smpgn a solid surface and
| at er uselPPPE t e vari

Qus I n e S I|ed to the solid
surf ace. Eﬂvmwtl F(@W“B@{?ﬁéﬁ‘i § é‘g'f @aﬁx’z’ge from the solid
surface bggﬁ@m%ﬁWy{phﬂvmhb:ﬂmﬂsammofbﬁbﬂfe S©p® of the library

that can ‘éaa?nH?f% M(1568)y RURI 508 cPihé RlosphRiAyIAFBREcohtEnt bhe nunber of uni que
mass | abe can be ‘gener at ed .and 'L"f% Jfkh%anLtQ)fdl scrimnate these
| abel s f r Extherchie colifnbd pifeiecn FRrqliptwithig. 2 AORES &2 B & ences are i ncor por at ed

by ref er ep@bitdstirtuion and hititheddtty acﬁttmmwmn pepshifiedsignifcpty 1fhe Ness et al .

Ebﬁggfﬁggﬁi a%;.{;mgg t&tmmmmmmwmmamomm et al.
e

SCI | t ho od. &AR! | Ng bi ol ogi cal
nol ecul espoteatinl "ﬁé’d’“‘f&‘ﬁ‘ﬁf‘?ﬁﬁ%‘?p sour es Wlt a_ di. fT’erent mass tag for
each sour @egnilidnef simpfaess, tnot polifamion andmetapesis s9dgeergkisedse:T/ Usol/ 49491

[0010] Similar mass tag approaches have been deseribed for the identification of

individual components of combinatorially-synthesized chemical libraries by Sugarman
et al. (US6056926) and Brenner et al. (Proc. Natl. Acad. Sci. (USA), 89:5381-5383
(1992)), where a unique mass tag label is concurrently synthesized with the chemical
compound of interest on a solid surface and later used to identify the various processing-
steps applied to the solid surface. This mass labe] can be identified after cleavage from
the solid surface by mass spectrometry. The limitation on the size of the library that
can be produced via combinatorial approaches is the number of unique mass labels that
can be generated and the ability to discriminate these labels from the compounds of
interest. These references are incorporated by reference in their entirety for all
purposes.

[0011] Ness et al. (US6027890), Schmidt et al. (W099/32501), and Aebersold et al.
(WO00/11208) all describe methods for differentially Iabeling biclogical molecules
obtained from different sources with a different mass tag for each source. The samples




may then be conbi ned, post |abeling, and processed together through
separation reactions or affinity 6 .1 9 APR 2005 WD 02/ 061661 1 S APR 2005
PCT/ USOL/ 49491 enrichment, such that individual conpounds from each sanple
are assured to be treated identically in the mxture. The relative
concentrations of individual differentially- |abeled biological conpounds
are. then determ ned by the rel ati ve abundances of the individual nass
tags i Rﬁ)ﬂﬁﬁs spectrum Limtations on these mechogig/i4siee t hat the nmass
| abel s enpl oyed nust behave virtually identically with-respect’ to any

Pr OCEsSi Ngay ddn bé futnbided)pdsHlabaling! and procassel tashiprAkIoysh FEPEFAP r ansport of the
resulting iagns in.the mass spectroneter. For this reason, |abels are
typicallymﬁﬂgggﬁ'gﬁﬁt are chem cal analogs (e.g., stable isotope anal ogs
or are sinple derivatives of one another). Alimtation of these nethods
is the nunber of sanples that can be conm ngled for a single parallel

anal ysis, which is limted by the nunber of mass tag derivatives that can
be synthesized wth nearly identical separation behaviors.and ionization
and transm ssion efficiencies. Another Iimtation of these nmethods is the
ability to distinguish the nmass | abeled nolecules or cleaved |abels from
unl abel ed bi onol ecul es and matri x contam nants that may al so be present in
the sanple introduced into the mass spectroneter. This latter limtation
often nmeans that the | abel ed sanpl e nust be extensively purified prior to
mass spectral analysis and that subfragnentation of the |abel ed nol ecul es
in the mass spectroneter nust be avoided. [0012] Schmdt et al. (WD

99/ 32501 (July 1, 1999)) describe the use of fluorine (F) in place of
hydrogen as a di stingui shable mass defect elenent in cleavable mass | abel s.
The basis of this claimis the 0.009422 anmu nonoi sotopi ¢ mass difference
between these two elenments. However, this claimhas several critical '
limtations. First, this is a very snmall nass difference, which can only
be resolved with very high nass resolution nass spectroneters and at die
| owest mass ranges in these mass spectroneters. The resolution of nass
spectroneters depends on the mass range and is normally quoted in parts
per mllion. For exanple, typical tinme-of-flight detectors common in the

i ndustry have a mass resolution of about 10 ant at a mass of 1 mllion ant
(10 ppm. Therefore, as shown in Figure AA, the conparatively small mass
di fference between F




and His inpossible to resolve above a mass of about 940 anu, and froma
practical perspective at an even |lower niz. [00131 Schm dt et ?'9 Apﬁtm@g
note that the mass defect of perfluorinated hydrocarbons can be

di stingui shed from sinple hydrocarbons. For exanple, the npnoisotopic nass
of a polyfluorinated aryl tag with a maxi mum stoichiometry of C6F5 is
exactly 166.997015 anu. The nonoi sotopi ¢ mass of the cl osest hydrocarbon
s 167w %_;321561 7 .1 9 APR 2005 WD 02/ 061661 PCT/t 3SI$AF¥HEL  whi ch
corresponds to the a stoichionetry of Cl2H23 and an eaS|Iy resol vabl e nass
di fferenC&n&Bmﬁ,Q@dﬂﬂmMﬁd@mmpoﬁhbﬁnmwhgﬂmpteheeawmm yfl uori nat ed

aliphatic_tag,is, 68. 95 ,}QQ,B&[;& CREDRRRA BfSedi@yda CF3 st oi chionetry.
The cl os&df® g%‘ﬁ&e%"to iC ﬁéﬁwocar onnmas 69. 070425,

to th‘#% Ii
correspoﬂehehgholw@l@m@ndsw&eeﬁﬁt%‘ﬁ’éfdr By thephtixe fpradences X BE o 1089 ppm [ 0014]
However , i @¥iqua xﬁh@ﬂh mr@@w@mmmmmmmmeds@am@me such as N and 0,

which are typical bi Gith reb 06 1R Proéb@igct of fluorine is
not as ea‘%“l‘%@” ﬁﬁng‘f”feﬂ Pﬁ?é% ﬁliaugwé@gmy , any m)?ecul e that contains a

st oi chi ormummkn@m@lmﬂmmm BEAPs LIRS that is only 35 ppm
di ffel‘entsf)&&mfﬁ}mﬁﬁgaﬁaabeﬁ&ktyﬁigﬂlybhosﬁmtdrqchﬂmdalsﬁahEQw shabl e even at 69

amu. Sim an | ecul e. t mlﬁggngpl c stoichionetry of
C7H305 |s(°&rﬁ“¥? ?8“%‘15’55 P’fersemﬁj?q#ﬂrxom i amfinerl[D [0015] Wen the
stabl e i memw%m@%w%&%%ﬂﬁaﬁﬂ@ E’ﬁﬂnﬁlul ations, the nass
defect of %%m&%ﬁﬁédw&ﬂmb@drmmmwmwmmmwen conpared to a

ol ecul e thal Comtalns fndlerkalstbadcloatidSN 3[ 160] 2.
Simlarl Y"" ' %@%@EE’&F %Eg& uces to san %E?e 29 ppm conpared to a

mol ecul eWW&WWQF&M‘I&E@@ a5 8% y. As the overal |
mass of thg.chidGr LESEARSE Foh RylMeted bicEodlenand miwx svpruinaisiitt i nt r oduced even

W th il LLpLe, L or) 25 lidhilolorl R s sk Ml Sad| e armong  he

defects etoat onms and ?ea } 3{“9‘% Add| ng even nore
f1 uor i nedintitetion pftenrmshns gt the labsled, FAmpls T TRV PAROR IR ol ubility

const r ai m@@gsﬁ.}yﬁmwwmwmmlm@mmegh ndi vi dual peaks of
I nterest from com @ss spectral dat a has been previously described for
SR

conpl ex X ures ee, ar .and J. Reed,
" Aut omat d@ﬂl%%&m'%‘ée'tﬁ“&?”ééﬁ%ﬁ 851 b6 b b oot

place of hydrogen as 2 distinguishable mass defect element in cleavable mass labels.
The basis of this claim is the 0.009422 amu monoisotopic mass difference between
these two elements. However, this claim has several critical limitations, First, thisis a
very small mass difference, which can only be resolved with very high mass resolution
mass spectrometers and at the lowest mass ranges in these mass spectrometers. The
resolution of mass spectrometers depends on the mass range and is normally quoted in
parts per million. For example, typical time-of-flight detectors common in the industry
have a mass resolution of about 10 amu at a mass of 1 million amu (10 ppm).
Therefore, as shown in Figure AA, the comparatively small mass difference between F
and H is impossible to resolve above a mass of about 940 amu, and from a practical
perspecuve at an even lower m/z.

[0013] Schmidt et al. further note that the mass defect of perfluorinated hydrocarbons
can be distinguished from simple hydrocarbons. For example, the monoisotopic mass
of a polyfluorinated aryl tag with 2 maximurm stoichiometry of CgFs is exactly
166.992015 amu. The monoisotopic mass of the closest hydrocarbon is 167.179973, ... ..



& ldentification System AMI S User Guide" (US Departnent of CorT@r SBR 2005
Gai t hersburg, MD, 1997) and Stein, S. E., "An integrated nethod tor
spectrum extraction and conpound identification fromGCO Ms Data,” J Am Soc
Mass Spect, 10:770-781 (1999)), particularly when coupled to tine resol ved
separation nmethods (e.g., GO M and LC/ M5). However, these techni ques have
not been applied to biopolyner (e.g., protein, nucleic acid, and

pol ysacc(gﬁni 1%?1) fragnentation spectra for the puppgpsei@esequence
deterrri% (6)_. In fact, these nethods typically attenpt to identify the

intact chem.c | | SHRAH 570 bBD 396 ehfly RYdNaBle issgneNt i ng condi ti ons
- -inihe %s%lf%%?s?&%g?ﬁg&%een J(szfgjidl}pl,ed: to .t )é_i da t3' fication of | abel ed
bi onol ecukifference efr%wwﬁi%iﬁ@mﬁﬁ?fc&*ﬁémﬁﬁ%wgg‘gﬁ‘“a@%ﬂ&“ﬁ 5 WD 02/ 061661

PCT/.USO1/. $ 3685520028 Whjch Eaxtesposiis focn (FA etoickiomeapt Tiefclosssnpl i fyi ng the CI D

spectrum of a peptide by inel udi pERisE@t i ng noi ety on either
t er m nus B'P“"E‘f’fgp’gl@’ﬁ"faﬁbé’x"%? edrﬁsé‘sﬁ%(\)/@‘tﬁgg{r{%ﬁ%ntﬁggt eﬁhat attaching a hard
posi tive abictaeny mdndifferbice off188%0®m- di rects the production of a conplete
series of [obhig B WavE o defaiy Moibules @RSnclOMRetbatoms, Sith ap@pidice in  CI D

S

experinments fegar [ ess of the urrﬁéenc or senrglecsempafs aillfbasi Cc residue at the
N- t er mi nwhich apfigabin biglggipal moleguies, H’Qﬁéﬁ‘?? &I préduced by charge-renote
f r agment afii@fuishét For eanihie] 9 inoliculythat ivataing xgeichidmeyf@3HPHWH. [ 0018] Pepti des
have been, | abel e ! b SENRI B 16 bARERS O onl hitSFcRNALGR 0T 0UpS, I ncl uding
di net hyla“?@?‘&?’r’ﬁlos?\t?pﬁcrﬁasiﬁgtol ut e _péri di ni um_ quat ernary phosphoni um and
sul f oni unmeadyrindistinguishable cymat @ ame $iefiiyanympolerulehal PRt s i ncl ude, ease of
synt hesi smmomsﬁmom?j&mmiimmw&iﬁmﬁoﬁml@d pepti des, and
formation froma | abel e pepti de of a specific fragment ion series with
m.ni mal uff®avorabl e | abel fragmentation. Zaia reported that the |abels
sat i sfyi noxshwhen sty stable isptapes ok T, Nernd Orpesierluged ip fhe c2lgitainsi®A a1 kyl anmoni um cl ass
and’ quat efnagY. . FesI ek () oo SidistiglitidR16 1.4 pixi @lpvesmpaielitoa  has been reported
that substituted pyridiniumderi i HhUk: iy th@h- energy. CI D
[ 0019] De%ﬂ?‘?”é“‘gﬁﬁé"‘b‘r“cﬁ’f"gﬁ?etfyr?%é%ﬁt}?@%@?ﬁﬁgﬁﬁfodﬁ%g%_. ‘protein
i dent i fi Cmiss dufecy forf@H3 mulucentonminers 23 RpmcpBprEdfio 3 |oleaquis that Rl ot eoni cs. For
e?arm:cfe, hﬁﬂﬁﬁ{t‘]h is&ﬁhiH:FeﬁQA&tﬁe&@Hﬂd fhads Of theyBiRcrense bayolal Ot ei N sequence tag
of sufficient length to_allow the.identiti IO dhes SI NGl e purified
protein f?oeﬂ‘f‘?'tﬂ‘:?“ﬁfsé‘m{”tgﬁ‘; ﬁB??i‘%'L?gg’ﬂlgﬁ'é%%&I\'ﬁrl E%J\%r ' al t hough

indistinguishable among the defects of the other heteroatoms and stable isotopes.

Adding even more fluorines to the molecule is often not practical due to solubility

constraints.

[0016] The general problem of deconvolving individual peaks of im.erest from complex

mass spectral data has been previously described for complex mixtures of small

molecules (see Mallard, G.W. and J. Reed, *Automated Mass Spectral Deconvolution

& Identification System, AMDIS-User Guide” (US Department of Commerce,

Gaithersburg, MD, 1997) and Stein, 5. E., “An integrated method for spectrum

extraction and compound identification from GC/MS Data,” J Am Soc Mass Spect,

10:770-781 (1999)), particularly when coupled to time resolved separation methods

{e.g., GC/MS and LC/MS). However, these techniques have not been applied to

biopolymer (e.g., protein, nucleic acid, and polysaccharide) fragmentation spectra for

the purpose of sequence determination. In fact, these methods typically attempt to

identify the intact chemical species and generally seek to avoid fragmenting conditions
e —-iny the ms: Nor, have they been coupled to'the jdentification of labeled biomolecular—— —

ions containing unique mass tags.



unamnbi guous protein identification can be attained by generating ~ag% og@g‘n
sequence tag (PST), limtations on the ionization efficiency of %I ge )
pepti des and proteins restrict the intrinsic detection sensitivity of M
techni ques and inhibit the use of M5 for the identification of |ow
abundance proteins. Furthernore, limtations on the mass accuracy of tine
of flight (TOF) detectors can also constrain the useful ness of presently

utili zeqlom?ﬁ{i&gs of MS/ M5 sequenci ng, requiring thagtrgaeegans be di gested
by proteol'ytic and/ or chenolytic neans into nore nmanageabl e peptides prior

10 SeqUETiGhchlhg i blc ot QU empelgar o yagliy | adder sequenci ng
algorithns fail on” proteins because the abfg@dan_ eoﬁf l?%?t'de fragnents
gener at ed ilydipgcherpesopgentitipg pomtygn GERELEPUNE P PREBIA Tty to identify an
appr opr i alygndaafaRB ihatafithihOa Hard poditve ehatdh & thedbgmenc direfsttect i vel y obscure the
mass | adder. [0020] Two basic str | £s: HER apgsed for the M5

i denti fi Ca{*’f“&h"“ﬁ%ﬂ%ﬁ%‘ﬂ"g‘0%%3#“%%%,&‘%??%@&?@ | oﬂp%nom a protein mxture:
1) mass prom éxpeinfenmgeardiess oftiierprysenceippabsentetof g resigero el 02/ 061661

PCT/ USOL/ 4949 Tibfucily, REFHIRATR obirdHroddd@ bharf@iefoept i de domai ns by Ms/ M5
(' M8/ M5 sequenci ng@é S MS T n%(ra‘r I nt.i ngp I s achieved by accurately

measur i ng TREMEDAes s difectedhy dhe ""% ‘Hﬁd&@ " generated by a proteolytic digest
of the i nodLy] PRitdshive been thbelalawit isivergl classekenf fikvd chargegronps, known protein with
that peptide.mass fiogernri MRS VORAME fahenShry Mfad, act ual

determ naf*b’%‘n%(ﬁm%mﬁgﬂ(gr rmE'lr“gﬁ’E’gTs %ﬁ t he stp,got ei n p?)%glll neration of

sequence- saulfonium derfvatingFrdrharagtanigics pfysplul johels inlude, ¢asg o of an MS/ MB

i NSt r UMENfperedsDRAZohizafion WiiGiEnce bf itklediRpiies ugdamitipd fivlalabgedt ei ns can only be
unanbi guously _identified 1hr (WAL ggggg;&m,g Iy mtoals that allow
referencep‘prX‘t"ﬁ%‘"F‘f‘é‘cf??P‘f“gg s_egég%e_nc_e‘s etermﬁli’)\ée rom genom ¢ dat abases.
Li et al.Zsipopsed tha the dabels ptisEringbessprigera ipdude thopeph By fi ndi ng that the
reliabl e jsdefiikyicdiohitR cRis ahd filhtsthilyghosphoniinaietiantitey. Mbreovkd, itger pri nti ng
degenerated as the size of the comparatly Eﬁt}@] | Gy E@PL I de nass

dat abase Pﬂﬁmmﬁ?ﬁe‘t‘“’aﬁ“‘??’é‘ .glgnreﬁgérvﬁe%t_ a?“tﬁ%ley@lj\i\%r_e only able to

obt ai N pe[#019) Bespiveome progress nandiytiggh methodglegmeratpie iepiifisttiop K@%  he gel because

of sensi t | ¥l:tabodibdthil iR i@ B protomict. 'For ol it réduittighto 18Ueits ovat 1 i X assi st ed
| aser desorption NMALDI nethaqd 09y

det ect i onECEHER PP FFERIpE i ou%ﬁ%ﬁ? “é‘%ﬁ?@%%"@%ﬁg&? | gp;g\rlleyf hreapi d and
cost ef f egiglasarifdptoginfrapsgpsdickdegnondeieaiesngcMogpyer. althepghove t he speed. and
| over  t he Gostudal prithiR IeREEAiSn Jaf BAMERL by Snbrudoga pioreinasqueiesagi bed by Koster,
the (PST), limitations on the jonization efficiency of larger peptides and proteins restrict

the intrinsic detection sensitivity of MS techniques and inhibit the use of MS for the

identification of low abundance proteins. Furthermore, limitations on the mass -

accuracy of time of flight (TOF) detectors can also constrain the usefulness of presently

atilized methods of MS/MS sequencing, requiring that proteins be digested by

proteolytic and/or chemolytic means into more manageable peptides prior to

sequencing. In addition, previously described MS ladder sequencing algorithms fail on

proteins because the abundance of peptide fragments generated during CID of such

Jarge molecules and inability to identify an appropriate parent ion to initiate the

sequence effectively obscure the mass ladder.

[0020] Two basic strategies have been proposed for the MS identification of proteins

after their separation from a protein mixture: 1) mass profile fingerprinting {‘MS

J _ﬁ"gerprinﬁng,_):_ e s e



preparation and purification of nucleic acids prior to sequenci ng, geﬂpR ﬂm;i
mass spectroneters, increases the tinme and cost of nucleic acid
sequencing. Inproving the discrimnation ability of the mass spectroneter,
such that nultiple protein, nucleic acid, polysaccharide or other
sequences can be determned in parallel or specific ions can be better
differentiated fromunl abel ed organic material, has considerable utility
over e‘;‘gkl%k#gl met hods. 10 1 9 APR 2005 WO 021061 @61ws@34SOL/ 49491 SUMVARY
OF THE | | ON [0022] Met hods and apparatuses for deriving the sequence
of a ol i gPERYsequetiinyofame ar moperpeptidé domaing by MSMSLMSMS seayspdpsdr pol ysacchari de.
Accor di NGyt g oK STRLALy HELRAT meduring 1R dhisRionlonedl piples o mass/ char ge

val ues for dM no acl sequgnces is stored. An %b ndance val ue from nass
spect r um ghatraedfbp s protaelyricdigess ofdhe dagEProEin el sparrhing ”5%%%? ermned set is

det er m negolPpritbil HiE Bat Peritbi thadd fingaiprink. MbMSdaneeinyabadesacudl first  ranking,

based on the plurality of updance va son b fllcE £d for-each sequence

of a s-et“WmM°‘5é’¥H§'§5§§ﬁE‘g%pr al\l}lx%léeH%: i Iﬁst %Jlﬁ er of amino acids. A

second r afdgneiation iblieitle urdripole of in MSAME ingrugfentgbundance val ues, for each

sequence @5,1112 sa%us%fet _%@ng?&ieﬁmﬁp%ﬁ%@ﬁﬁﬁlyfwvﬂaﬁﬁgﬁbuﬂpcond nunber of anino
alcul ated.

acids is cumul'at i ve rankin based on.the first ranking and
t he secoﬁdﬂ@%@%@b%@%%ﬁ@&*%?‘@’d@ﬁ%& Elé‘%ée‘e’mocf'pa set of amino acid
S €qUENC e Syedidpehe toterdrinelt GBiE Genbrbiie daabases (Li ealvimpear uihagepraven thigi ds. Ot her  met hods
for determ ning ooOueNGeSy MiSakilidT BRI pofniBiipd for filtering mass

spectrumiﬂ?ﬂ“ﬁ e perrodic chemcal nolse is also described. One
exenpl ar \fingenprinkingilegeneratéd as the pire nf the egraparative thepratival PERIEMHF i ng a substantial |y
peri odi ¢ Rlpeck Of i3€al. alsb rePSied thaxtiey tverd alylatiento oavepeptided f r om accel erati ng
fragments of a protein to a detecto Qi Lol didval liithiddd 6 subst antial |y
peri odic m@&%?%?@@@&ﬁ%"ﬁé%%&%%%@f%ﬁq&% a. 3 par at uses for
per f or m npe M|ees thvaghlleitoatia dssisedlater dasarpron MALDL methodglo ri bed. [0023]

Enbodi m”&ﬁo&&%ﬂh&nﬁ&%ﬁm&:&me@%ﬁﬂ@o@fﬁéﬁmmmmi ons of ol igoner
| engt h, particular

ly for both.MS and "x!'cﬁd?&j protei ns. Because

certain @rlbamridepd oo EJe i v Y n5en‘ﬁﬁon preg?é%dbl y elininate the
need for gaaRiveakecbst of pravomis wemaicly.t Similagly e deseribed ByKopteredy ot i n, t hese net hods
provi de pr QPL&%OF] O micle @ BSds pHbAb seqiefoiny, @8k byinmant | y reduced fromthe
ti mes obtqarnabl e Usi ngr‘é)erj or thtgdsléic re lo: h&g&g‘g&g t he proteins being
sequenc e cFPeFrRmakry iRppases e e ARG g™t UIURES Pic? " "

discrimination ability of the mass spectrometer, such that multiple protein, nucleic acid,

polysaccharide or other sequences can be determined in pataliel or specific ions can be

better differentiated from unlabeled organic material, has considerable utility over

existing methods.
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present nethods, the ionization efficiency and the volatility of ghﬁ
resulting fragnents are higher than those of the parent protei ﬂ tAGR 2005
| eading to a detection sensitivity that is inproved over prior nethods.

[ 0024] Thus, in one aspect, the present invention provides a method for
sequencing a termnal portion of a protein, conprising. [0025] (a)
contacting a protein with a CGtermnus or NNtermnus |abeling noiety to
coval eg%xmgishach a label to the C or N-term nuspofutoeespr otein and form a
| abel e protein; and 11 1 9 APR 200 WD 02/061661 PCT/ US01/ 49491 [0026]

(b) anal yg 8_ ¢ APCh8ENTIONeI N using a mass spectronetric fragnmentation
nmet hod, an (c) determ,njng.the se%ge ce (%fsuc tasalleast the two
C-term nu@ﬂ?éiMF nadrepparsuseg for derixing the, sequefics T‘a'&?'fmt,’hm ¢ deconvol ution of the

| abel ed tgsuh, AddleicaEStipicepaysactiiaide. dtdoaiing tvowm etemplaiymathod equence fragnents in
the resulti masgs spectrum. +3thinb iPRG Roef sgnbodi nents, the nethod
further d t?'f’%“@ésetfwgﬁw?d’f&iggé%n %;r;g teﬁ:gggr_%tei n by using the sequence
of the atabhelast vausdrogmassapentrumdstador exchargehaggerplii 8 *eesi dues to search
predicte Qe s 8 GHERRES0 plofidt Aplurilay FaRmenaivagana feequence data. [ 0030]

| n anot her aspect, the present inventi.on Qv de d for sequencing a
E)o;t i ont g;;ﬁlk&g-ph"%{’@‘f‘ﬁe?' th?jvﬁ %::jvﬁ'ﬁ?tg?%fg{aﬁd%meﬁ%%%%%%g&[i si ng: [Pogl}.

a) con o gnihd1RidREqénedshaviipatist mumbirtof angingGcide r Avpeaend ermnus | abeling
ol ety {4 COVAEldty HabAlcaANR eulifhcdubits OFa oot ikt nus of the protein

i) e?'é%l}%r i XE L

and form ) otern mxture; [00321 (bzé sgﬁara i ng individual

| abel ed [reawenstahaving e seqond numberobguing. ated p BImWARYF PYBE331 () - anal yzi ng
t he | abelggda M B¢ frbtmking Nt isepodrihkinpyis alciimotiospactquenvetfizi ¢ fragnent ati on
met hod, and_[ 00341 (d) detern] £d ehndliddtoh&ast the two

C-terni an§‘°6;‘“"('?/\1'5" é?%avr’\" gh?%{s}?e ues l

€ rg/ al gorithm c deconvolution of the
| abel ed  trexivilsfed dewmining soqvenses areraisp Agsertbetk (A HEhPIIE THFTIEMaSe quence fragments in

the r esulsbgcg,gnmgmag ddiBichdniXABrivise Isalsodeecritedo pe okmplapodi nent s, the net hod
e Rt b Rl bk B 0B S o U511 (e sequence

in mass spectrum data generated from accelerating fragments of a protein to a detector, :

and filtering the substantially periodic block of noise from the mass spectrum data,

Apparatuses for performing these methods and other methods are also described.

[0023] Embodiments of the present invention overcome the limitations of oligomer

length, particularly for both MS and MS/MS sequencing of proteins. Because certain

embodiments of methods of the invention preferably eliminate the need for proteolytic

or chemolytic digestion of the protein, these methods provide protein sequencing times

that are significantly reduced from the times obtainable using prior methods.

Moreover, because the proteins being sequenced are highly fragmented using the

present methods, the fonization efficiency and the volatility of the resulting fragments

are higher than those of the parent protein, thus leading to a detection sensitivity thatis

improved over prior methods.

[0024] Thus, in one aspect, the present invention provides a method for sequencing a

terminal portion of a protein, comprising:

[0025] (a) contacting a protein with a C-terminus or N-terminus labeling moiety to

covatently attach a label to the C- or N-terminus of the protein and form a labeled

protein; and
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or two N-termnus residues in conbination wth a separation coordﬂrgatt[g:]?fm
the |l abeled protein and the protein term nus | ocation of the sequence
search predicted protein sequences from a database of gene sequence data.
I n anot her aspect, the present invention provides a nethod for sequencing
a termnal portion of an oligoner or polyner, conprising: (a) contacting
said oligonmer with a labeling moiity to covalently attach a |abel to the
term nqﬁo&fmﬂt&e oligoner and form a | abel ed ol i gowermsoisdaes | abel i ng noi ety
having a"nass different fromany of the constitutive menonmers' conprising
t he. 0| | QOfIRs6] (th Rhatyleing GO BB DEbIiIRing Siask ectobgompmentgipomg an enzymati c,
chenol yti ¢ or nmss spectron’etrl c fragmentation nethod to produce Iabel ed
ol i goner meip nts; and (c) determ ning the -sequence of at |east the two
t er m nal (wmmaﬂgaeeqtendeafatmtthab\@ICtbynMFgé\m}ﬂweussequenm ng- of

t he-1| abel ed t b\ eRthi 24 RAdek fembtherl  Sequence

f ragnent s"’fﬁ eét'egresu tl nd)(’lﬂng%?f%%%ctrum Hﬁifzn 1 9 APR 2005 WO 02/ 061661
PCT/ Usm/m@mm[al@emn]cewém feeifing mgss SEfB et hods above, the use of a

r obust al?ﬁj of ebodinak, Wﬁeﬁb@ﬁﬂﬁr@n@h@sn sequenci ng by in-source
fragrrenta on rovi ant )Y QPR VB M5 sequenci ng
o HeS g Tt P e Eipefi Ot S0l oy

al gorit hrd ant a certain enbodinents is
t he abi l |kmiwoﬂﬁqumu#mﬁmmmm@l°&ﬁaf°ﬁwes%ﬁ“ds wi t hout the need

for prior g?gg ']gq'..éhtcé)da&”a” pepti de or nucl el c acid fragments. Another
advant agedao cgftrgtk%

I'n enbodirnents js that éself starting and
does not [W%@i@%ﬁ?“k Wﬂ'@‘@'e'@f’“?rﬂ‘g%ﬁ?len?d PO sl z conposition to

det er mi NepdiitR obdRdiENma proeeiniiktive, theaskimd targpdsingd  cert ai n enbodi nents is that
the netho be f) g.%m;, ﬁ?%@?@m&?ﬁ%&&ha@ﬁﬁ[ US01/ 49491

aut omat edMi@t hef® h%glé&f e n@’lcertal n e |rrents s Lhat fewer sequence
ambi gui t i mgtetymswetlﬂmﬁ@hﬂ Grior RirEpo 5 Adem, dccuracy gai ned by
wor Ki ng  afapelell Brotem\miming; Of the rrass spectrum Anot her advantage of certain
enbodi men that ettear. g{@,gﬂegmwteﬁmﬂggraﬁdaspondl ng

det ect i on&@éﬁté’?t i VP emglu om usi rsig more ener etic. ionization

condi t i oni®0BhE) t h@ﬂmséﬁ’aﬁeﬁwﬁ%‘ﬁﬁ’r@ YA RS REEBEC char ge on t he
fragment sﬁ&ggwpm;mmaddl ti on of the | abel. Yet another advantage of

' ntroduci %934? Chaltlgeel'mwr ﬁle%qu oleqggtltheQ@(?C efminus or two N-

terminus residues by algorithmic deconvolution of the labeled terminal mass ladder

from other non-terminal sequence fragments in the resulting mass spectrum.

[0035] In one group of embodiments, the method further comprises:

[00361 () identifying the protein by using the sequence of at least two C-terminus

or two N-termirus residues in combination with a separation coordinate of the labeled

protein and the protein terminus location of the sequence to search predicted protein

sequences from a database of gene sequence data. In another aspect, the present

invention provides a method for sequencing a terminal portion of an oligomer or

polymer, comprising: (a) contacting said oligomer with a labeling moeity to

covalently attach a label to the terminus of the oligomer and form a labeled oligomer,

the labeling moiety having a mass different from any of the constitutive monomers

comprising the oligomer, (b) fragmenting the labeled oligomer tlsing an enzymatic,

chemolytic or mass spectrometric fragmentation method to produce labeled oligomer

fragments; and (c) determining the sequence of at least the two terminal motomers .
s -—---—-'adjaccnttothe'label-by'algoﬁmmicsequencing'of-thelabeled-tenninal—masr!addcr"'-*‘* e

from other non-terminal sequence fragments in the resvlting mass spectrum.
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"

certain enbodinents) is the ability to determ ne partial protein: u
fromregions of a protein that nay not contain ionizable am no dieﬂ Eﬁf?e?ﬁ%
resi dues. (0038] Finally, this nethod provides in certain enbodinents a
contiguous protein sequence tag (PST) that can be used both for

unanbi guous protein identification or to generate a nucleic acid probe,
based on an N or C-termnal protein sequence, that nay be useful for

i sol at %(8 F%ICOHespondl ng cDNA from native cel | porwdo/gBaue sanples. 14 '1
9 APR JHb¥ 02/ 061661 PCTI US01/ 49491 -BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0039] Fi Ghei#76 nlemBiiiaiimts B theietivhd #6ovef thedusd of pirabadt algaitten opect r um data. [ 00401
Figure 2 |IIustrﬁ%§ngerlodlc Qi se %ﬁ@mﬁ%ﬂ?ﬁ%&w%ﬂmﬁﬁﬁga'n types of mass

spectrum“”a'a y-la "Ehows I C noi.se in overl apping
per.i ods. M&h@n@mmmmmdaw@kw%ﬁyoemw@éﬁnw i sot ope ranked
COUN 92ty ARG S5 RS o s smckoce o © o 2 s

spectrone be uséd in certain nbodi s of the present
i nvent i onﬂle{eamtﬂ]ﬂ(’ﬁlsjeh%mﬁ’m“ H“é’ﬁlgﬂﬁfﬂ“béeaé?‘% (SS spect ronet er which is
coupl ed t&vﬁmg@&aenaj%ﬁﬁﬁ&&h@@uﬁwmmf-mmt ai n enbodi nents of

t he present  inventi 0045 VueRnif R Bjuencef a nachine
readabl e TRYF 8Py ‘W@ﬁgﬁﬁ&mﬁﬁﬂh ggﬂﬁgh certaln enbodlﬁghts of the present

i nvent i om@m&pmﬁogmnenm@mm%m&&ebm ng to the present
invention for filtering mass spectrumdata prior to perform ng sequencing
al gorithns according to the present invention. [00471 Figure 9 represents
a. method for determning ion fragnments which nmay be obtained fromterm nal
portions of a protein or a pol ypeptide sequence. [00481 Figure 10 shows an
exanpl e of a separation nethod for separating several proteins in order to
obtain isolated protein sanples froma collection of proteins such as a
cellular extract [00491 Figure 1t shows a flowhart show ng an overview
according to one enbodi nent of the present invention. [00501 Figure 12
shows a nore particul ar exanple according to one enbodi ment of the present
i nvention.
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[ 00511 Figure 13 shows a flowchart illustrating a particul ar eandgngﬁg @@
the present invention for sequencing a protein. [00521 Figures 14 %

show a particul ar conmputational nethod according to one enbodinment of the
present invention for sequencing a term nal portion of a protein. [00531
Figure 15 shows a nethod according to one enbodi ment of the present
invention which uses two |abels for the sane protein in order to sequence
the pro‘&g bihs1deP054] Figure 16 and 17 illustrate, respgempsel y, an average
ilter Yerneland a scal i ng factor optim zati.on-graph, 15 ,i 9 APR 2005 WD
02/ 06 Lsitna 1 ArioB@BAAIARS bf ceftdi SBpdimpr ip et forgpecqistre ¥BHEWH st rat e an exanpl e

according .t m@%‘% NassAfcuicy g vﬂ,tunfgraaﬂwmteMmhn which a set of
m z va'ieﬁ“gs g?glgc cu on acrltl gtyséane %Bbam S rat her than being stored

and r emsss poctrim{ W@@BB%@%W@QW%“& Figure 19 shows
anot he(gfﬁ&l;{mm e’(ﬂegpoﬁing BetdeiuiRersifivityoealt ﬁmﬁshgdaommgem gzatien t he present

invention in ount ta is gfgtc%r#%gﬂjgﬁg et‘,pm spectrumdirectly
an

from aropdiioREan é{’ ugtiog of aard oL igmzaDE S rom main nenory or froma

har d chidilitien of the aaamtﬁwgmaégntzzwawﬂew charpe fhroyehits Bbetdasier filtering
technig Jm%d]&ﬁhsg & le At RS termpiR @artisl pittethitqencid o tedi®esai que nmay be used in
conj unc%tla ron wt I'ti_pl e I aflel S, 03058] Figure 21 illustrates an
exenplmnﬂﬁtiﬂﬁbg"&é‘{fﬁél'r‘?"d?é eSS B0t mass spect rum peaks mat ching

| abel {oo3sf Fu'Eﬂib lihs Bethold GRS inFdenpin emnbBdimeritd asontigeruerrotain seeuRBPfp| ar y

ol i gosac&% g‘]““ﬁeo ggggw B SrStein MRRRiMRSheateRE Chi ng | abel 2 of
Tabl e 8 1 gure ustrat es an ex rrpl aé%l“s%-‘l %osaccharl de
c onposiutlkioaridprobpbased onan A erGlemnalrate sHApaRTe, H1tmaY 8% Table 3. [0061]

Fi gureiso?aﬁnéhthédé cmmﬁmbmlyoMEymmd conposi tion of nass spectrum
peaks mat chi ng | abel and |l abel 2. [0062] Figure 25 illustrates the
general structure of the phot ocl eavabl e mass defect tag where Br is the
mass defect elenent that is |inked through the anmino acid (R) to the

remai nder of the tag. [0063] Figure 26 illustrates an exenpl ary nass
spectrum having in which the chem cal noise was deconvol ved using the

al gorithns of the current invention, |leaving the nass defect |abel peaks.
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[0064]. Figure 27 illustrates a deconvol ved and peak-qualified rrgsg spectra
s e

of a mass tag region. [0065] Figure 28 illustrates an i sotope APRn2005
the n-Factor spectrumthat was further deconvolved to a single
nonoi sot opi ¢ peak. [0066] Figure 29 illustrates a raw nmass spectral data

show ng evi dence of a shifted, singly-charged b-type ion. [0067] Figure 30
illustrates a singly-charged al ion doublet (glycine). [0068] Figure 31
i 11 ust rvipp @eedoubl et correspondi ng to the cal cul BEEHSO#M¥es of the d2 ion

(glyci ne Ieum ne% ure 32 ‘t@ﬁgstrat es the deconvol uti-on of an exenplary
mass %qlﬁ ates an overlap of a true 6-residue

Sequer[om]amguean sﬁmeéxamgeoﬁ-typedmdmpdcwns@wsequence Figure-34 illustrates a
e g b Bl foid Sty Sp AR 200 MOoRORRA PCT/ USCL/ 46401

exenp core-succrnic an ride rea ive noiety with a conbination
of ionlsmabl e groups and nass defect elements. Figure 35 illustrates an

exerrp @éﬁmﬁ%ﬁs‘&e msefnp‘;vemwﬁgmag an exenpl ary succinic anhydride
e

repre ent In Figure 3 F ure D SSGEP! ary sequenci ng
t echnil0f4d Eigrefishevian aLmp; uree&ﬁunk B> "™ and D illustrate

nodi f iggd. ddATP, ddGTP, dd TTP, and ddCTP respectively. Figure 38

i T ust ;&ﬁ%ﬁl GRAYEFMich riy P sheh caiact rum  Figure 39
|IIustlﬁt’gé%ssg"grrl5 g@%%ar ﬂgcon%ved ddT* and ddC* spectrum 17 1 9 APR

2005 \a@b@mﬂ@m%e]pm@rmm 49491 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Def i Nighgaf) W&Q&hkﬂhﬁs&ﬂﬁ&lm@bﬂm&hﬂn&hxs@w@waﬂaé'chnl cal and scientific

ternms used erein F‘ﬁé{ﬁ 5 ilRahNg as commonl y under st ood
by on@T5TSIEE Y ,ﬁ‘ﬂ,ﬁ e‘?%n art toiﬁhl ch this ﬁ%w}é]{entl on bel ongs.

Gener atd4§1anuive’r'smmv‘ﬂ?féﬂﬁmrﬁgbﬁﬂﬁméﬂﬂcq‘ﬂﬁbfﬁ ory procedures in
ol ec%eﬂb&ﬁ:ﬂ&lﬁofﬁéﬂ&&hﬁw&ham stry and protein chenistry described bel ow

are bgﬁﬁ%ff‘\?ﬁ'lwaébﬂsaa“ mésah‘)g RAthEe lmégner an’ﬁgﬁnﬁ ?f:sg [ eiz??gﬁ;dahgcml e
puri f 'WWMMMWWMﬂ%&% papiige e Pt At act urer ' s
Spec' Mﬂtﬁé&%w&é&t&%ﬁmﬂm&ﬁm&ﬂm&ﬂmmmm| l'y perforned
from terminal portions of a protein or a polypeptlde sequence.
[0048] Figure 10 shows an example of a separation method for separating several proteins in
order tb obtain isolated protein samples from a collection of proteins such asa cellular

extract.
[0049) Figure 11 shows a flowchart showing an overview according to one embodiment of

the present invention.
[0050] Figure 12 shows a more parncular example according to one embodlment of the

present invention.

[0051} Figure 13 shows a flowchart illustrating a particular embodiment of the present
invention for sequencing a protein.

[0052} Figures 14A and 14B show a particular computational method according to one
embodiment of the present invention for sequencing a terminal portion of a protein.

[0053] Figure 15 shows a method according to one embodiment of the present invention
which uses two labels for the same protein in order to sequence the protein.

[0054] Figure 16 and 17 illustrate, respectively, an average filter kernel and a scaling factor

optimization graph.
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according to conventional nethods in the art and various general rl\ﬁ erences
(see generally, Sanbrook et al. MOLECULAR CLONI NG A LABCRATCRY? NUN-ZOW
ed. (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
and Met hods in Enzynol ogy, Bi emann, ed. 193:295-305, 351-360, and 455 479
(1993) which are incorporated herein by reference), which are provided

t hroughout this docunent. The nonencl ature used herein and the procedures
in mat hgRtses@l and statistical analysis, anal yti cairushéssstry, and organic
synt hesi s descri bed bel ow are those known and enployed in the art. Standard
t echni que$0053)FiguObAlah CE8BiiNuSGatelah examplE pccartiog wssxbmbodimephefi®i cal synt heses and
chem cal anal refers to any
pol ymer of”® "t‘é*é %éns['\ﬁq‘é'rwé’lcﬁs?eﬁ&%r@gﬂ gglc%#egoélg&mgng@uﬁﬁough typically not
i denti cal mﬂ%lmrbahgs}qmdandmhc\géﬁMH@ﬂwéWmta&“sl ncl ude naturally-occurring

pol ymer s ;dd ggﬁm P9 b AdSner thﬁogiﬁﬁ%% £QpiSnal MbifddAbderdghalS,
ol i gosacchari pol ysacchari des and the | I ke A igonmer may al so

, i ds
refer to Wé@m%&f"@%‘w@h%&%?%‘ﬂ“@ﬁ%‘ﬁ?@“ﬁ‘r%ﬂom e pol ymers of
synt heti Cfr&ﬁh%ﬁhofﬂ\lﬂictbbroteﬁlﬁhuﬂie;habﬁlﬁmmmﬁmcmm orl fromi athend dtivs- acr y| at es,

met hacr yl ﬂ@?ﬁmﬁﬂ i&ﬂ' ran%%&mrﬁ%i@t&hﬂ@ﬁfm%h&{nghﬁssr ubbers,

pol yol efi om copo ferent nononers in these

cl asses oﬁpwmmﬂh@ﬂucbwﬂmqy?mY#—“%@%ﬂ‘i“@‘tﬁ’ﬁﬁ’?‘*@ﬁ'&?°F‘E°"‘Subj ect to the

anal yt i cajoosgs Flaae s iaEmEs b dmpary Shigdsacobirlde cdiipostion obmmber of resi dues t hat

are typical of their na curring nunber. For exanple, and oligoner
that is aW"P ﬁ“g%ﬂr?ﬁi}bﬁéve hundreds and even thousands. of

resi dues. [msm’kaemuusuatpramc’emﬁmiaosag@ma?ﬂrwlﬂw@ém@he hundred or nore

resi dues w @,gaglgﬁdgg;of smal l er fragnents, e.g. peptides is
al so usef gosaccharl de w |caI L ave from3 to 100 sugar
Pl N L

resi dues. YSratss 3P FREPPLFY acrd residues. 18 1 9 APR
2005 WO 0%&%6&&%&[@5&6&9@&3 [0071] As used herein, the terns protein,

pepti de a@&lgﬁwﬁh&%%gﬁﬁﬂwmyMdﬂ‘&{sm&fgfnﬁmsp&mﬁl d residues. The

terms als to amno acid polynmers in which one or nore am no acids
are chem PF&‘FS“&F? a“81"“’?,13rrespond| ng naturally-occurring am no acids,
i ncl udi ng[oocmnm;%m&lmhemnmﬁfmhwlep@bbmdﬁmt%l onal processes

(€9 OlRGRYd bl Rlien SRAOIK Alrblne a0 4id (R i@ &1 17, as Used

her ei n, any protern, 1ncluding, but not limted to, pept i des,
enzynes, P}Bmfé}leé’igns hor nones, receptors, antigens, antibodies, growh
factors, pbe) Fwi&mh&iw&ﬁaﬁhomﬂnmmmmm&mpmmw ei ns i ncl ude
those co rTP[ ! agsddeconvolved using the algorithms of the current invention, leaving the mass

defect label peaks.

[0064] Figure 27 illustrates a deconvolved and peak-qualified mass spectra of a mass

tag region.

{0065] Figure 28 illustrates an isotope series in the ﬂ-Factor spectrinn that was further

deconvolved to a single monoisotopic peak.

[0066) Figure 29 illustrates a raw mass spectral data showing evidence of a shifted,

singly-charged b-type ion.

{0067] Figure 30 illustrates a singly-charged al ion doublet (glycine).

[0068] Figure 31 illustrates a doublet corresponding to the calculated masses of the d2

jon (glycine-leucine). Figure 32 illustrates the deconvolution of an exemplary mass

spectrum. Figure 33 illustrates an overlap of a true 6-residue sequence and a competing

e 5 eside false Sequence. Figure 34 ilhistrates a general Chendical structure ™
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of at least 10 anmino acid residues, nore preferably at |east 25 &rfj mgﬂ??mﬁ
residues, yet nore preferably at |east 35 am no acid residues and sti

nore preferably at | east 50 amno acid residues. [0073] "Peptide" refers
to a polynmer in which the nononers are am no acids and are joined together
t hrough am de bonds, alternatively referred to as a pol ypeptide. Wien the
am no acids are a-anmno acids, either the L-optical isoner or the Doptical

i somer we@RsleQ used. Additionally, unnatural an nBCHEIOHELHY or exanpl e,

b- al ani ne, phenyl gl yci ne and honoar gi ni ne are al so'included. For a general
revi ew, Sg@mplifniaéha succific ahydridé macidmidic§THRI a AEbiBLACH ERNIZEERY OF AM NO ACI DS,
PP DES A oL e & Lol bidilicns . New York, p. 267
(1983). Pl Segueénci ng as_used herein, refers to a
cont i guou&rﬁedumwnwiempmsmgmm#mﬁﬁe‘bﬁfw% gi@eefiting a partial
sequence ﬁ&&ﬁ?%&?ﬂg%&ﬁé&mmﬁﬁmesﬁﬁuwﬁ FighB2A, Of the invention

or- a fragnent of .the i d derlvatlve of a

| abel of B andRilysegiewHodifed gaaty *%ﬁ¥f@bkﬁmﬁﬂgFggrngb§ energy" refers to
t he mass ﬂgﬁmn&wﬁHWanﬁwmm&éw@ﬁmm@mﬁgcl ear nmasses of the
el ements. s define @Qhdcwahent (according to the theory of
relat|V|t9 "ﬁPaFﬁgmgﬁzgﬁéahegﬁe tgdgeparg?t a nucleus into its
constituent isolated nucleons. [0076] The term "mass defect' or "nass
defect label” refers to a portion of a label or the entire |abel that
provides a mass sufficient and distinct to be readily identified in the
mass spectrum of the sanple. Accordingly, the mass defect is typically an
el enent having an atom c nunber from 17 to 77, other than sul fur or
phosphorus. Typically, the nost effective nass defect |abels for use with
typi cal organic chemcals (even organic chem cals containing group 1 and
group 2 heteroatons), such as bionolecules, 19 J 9 APR 2005 WO 02/ 061661
PCT/ USOL/ 49491 havi ng anat om ¢ nunber of 35 to 63.. Exanples of the nost
preferred mass defects are the elenents brom ne, iodine, europium and
yttrium [00771 The teen "deconvol ution" broadly defines mathenati cal
procedures and algorithnms for recovering information of interest from data
that contains both random and periodi c noise, or which has been otherw se
obscured by the interaction with electronic or physical collection

met hods.
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100781 The term"alkyl" is used herein to refer to a branched or{ g 4 APR 2005
unbranched, saturated or unsaturated, nonoval ent hydrocarbon radical,
general ly having from about 1-30 car bons and preferably, from 4-20 carbons
and nore preferably from 6-18 carbons. Wen the al kyl group has from1-6
carbon atons, it is referred to as a "lower alkyl." Suitable alkyl radicals
i ncl ude, for exanple, structures containing one or nore nethyl ene, nethine
and/ or wehingiver groups. Branched structures have XCHUSHEMPhg notif simlar
to i-propyl, t-butyl, i-butyl, 2-ethylpropyl, 'etc. As used herein, the

ter m enconpass " i " and "cyclic alkyl." 100791
" Subst PE D&ﬁ?ﬁ%@#@%ﬁw&% just described including.one or nore
substituents such as, for exanple, tower alkyl, aryl, acyl, halogen (i.e
al kyl h g., CF3) hydr oxy, am no, al koxy, al kyl am no, acyl am no,
t hi oa i ﬁmme yl oxy, arylo AN a%4< x %&ml fiLd. aza, oxo, both
saturalogﬁ?lHﬁﬁfsﬂﬁﬁg?Qt"HF%f X‘X’?‘ﬁ c?‘ﬁi%? gePBons “Referocycl es and the |ike.
These ﬂéQue&emgm&nmbmmheﬂooabyanyfmm(ﬁhllmthswwhwlu@ﬁt of ' the al kyl
i ety dd't'onﬁa%%l&é;@ $iEncBRALIRS HEBX aRheIHORRR prdcéfBs inOT i Ntegral to,

e

the al RYIAREEs term”aryl" is used herein to refer to an
ar onat mojecglaﬁsqlqgr,mmc cl\ﬁms@f?“ﬁﬁ'?“’ﬂéh"&“m% pesgibed beleB A1 ¥ng or multiple
ar oAt y,Guk ixd Ssmnidnly ¢hp @ﬁeﬂmmdsﬁmgﬂndamﬁquedmdor@m ently, or linked to a

conmo %’%Vg'gf sucg as get h m?nrhemﬁﬁcgtgo%% Mtaycordm% comon |inking

group n as ‘rn one. The aromatic ring(s) my

i ncl ucibe pdvetagtirer's spreificationy. Thetrckyinuepand prepedyres HVB?PE’PFW ormed benzophenone among
ot her Ssc ﬁogch@ %uaﬁﬂlﬂeﬁods@ﬂmﬁﬁ&s el re.feki}bbs(sé&@dleraﬂjdbst ituted aryl.
S

100811 tituted ar refers S i ncl udi ng one or
nor e fSsmbIPkig M °'§F‘Hﬁb§‘ hias ‘%ﬁ‘/’é‘?m}“}i&rz‘i"umsﬁq E}ﬁ al kyl hal os

(e. g. ik} Labbeyiciy@reys, ColdBming HarbdtdXY andMeﬂiwad%ﬂea\%o acyl oxy,
Phenoxy, 19§54:cap5o; %%@%ﬂﬁ@%ﬁﬁhﬁﬁrﬁ%@ﬂﬁﬁwﬂy&eﬁmﬁml i ¢ hydrocar bons

whi ch areg?used o the aronatic | d.covalently or linked to a
commrr"lg?héﬁwmg’ﬂtqm ughopt thisidpepment, e'hﬁr”g‘é?"ﬁmf"éﬁsé’grgml e\ Xﬁ. The 1inking group may

aI SO arnbmwdmﬂmcalmawmaMW}theph@npﬂdOm‘bne The term

"subst ] tute bjed kit atighes'or20 1 9 APR 2000 WO
02/ 061‘3’6‘%“?’%‘?7’%&%%3% 00821 e teé al kyl ™ i's used herein to
refer m@sfha@mfa‘?““éf‘%??mf%%m%“ldﬁ e'“a\‘?’@‘lnx ¥%up i s attached to anot her
group wopnsﬁédmyhngna&m"angoﬁh&f'relfmiohmpelwmerotl@ﬂ@@slwm‘-@ulbhﬂt ituted arylal kyl "

defi nes subse | IQbherall ifReamtiStituted aryl group
is at t’?&‘ﬁ%sd‘mts%“ ga%nsﬂﬁy&gﬁ al kywl%@omcrt

1)} ucgr %espnuc eic acuIsI ned herein.

include nanmlly-occumng polymers such as proteins, oligon

- oligosaccharides, polysaccharides, lipids, and the like. Oligomer may also refer to free
radical, condensation anionic or cationic polymers of synthetic origin, which include, but are
not limited to acrylates, methacrylates, nylons, polyesters, polyimides, nitrile rubbers,
polyolefins, and block or random copolymers of different monomers n these classes of
synthetic polymers. The oligomer that is subject to the analytical methods described herein
will have a number of residues that are typical of their naturally occurring number. For
example, and oligomer that is an oligonucleotide may have hundreds and even thousands of
residues. Similarly, a protein will generally have one hundred or more residues (though the
sequencing of smaller fragments, e.g. peptides is also useful). An oligosaccharide will
typicaily have from 3 to 100 sugar residues. A lipid will normally have 2 or 3 fatty acid

resndues
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[00841 The term"acyl"” is used to describe a ketone substituent, 1@:(%5
where Ris al kyl of substituted alkyl, aryl or substituted aryl 'a &9@@
herein. [0085J The term "hal ogen" is used herein to refer to fluorine,

brom ne, chlorine and iodine atoms. 100861 The term "l ant hani de series”
refers to the elements in the periodic table with atom c nunbers between
57 and 71. [00871 The term "hydroxy" is used herein to refer to the group

- OH. (Qgggz}" khe term"am no" is used to designat epetdRBusoamherein R and R
are indepengently H, al kyl, aryl or. substituted anal ogues thereof. "Am no"

enconpass qri] Ak el Rrid) Bie B PRl ptidantyol peplidearfel td gpolymerof ami nes and

"acyl am no"_ describing the grou Q) . . erm "al koxy" is used

her ei n to%?@ﬂ’?@“ﬁshgh@“@%‘}ﬂ ,yt%gemgpf@grgéﬁlﬁﬂtg%% substi tuted

anal ogue inb@aib acidSure tiaical amldguse pf comespapdipgnaumly-oRWTINg Wt xanpl e, net hoxy,

et hoxy, gmdtgﬁnt,c%%ﬁmgggmggg 0l AsiifdSBboltemhMiaRonal piResied (eB., ar yl oxy" denot es
oups

aromatic Qr at are linked to another group directly through an
oxygen at ghmosyRH¢nand phoppheriatisRhasses "substituted aryl oxy" . moieties in which
t he ar omBajoyRy) Ca#, sSsed UErEih,infehtis &ty phteirt) eslodingy b natbioital th.or " subst i t ut ed

aryl." Exenplary aryl oxy.noieties_ |j Boils, St i tut ed phenoxy,

benzyl oxymﬁéﬁ'ggﬂﬁ%& ! m’%&@"“‘f’%o@ﬁ‘:?ﬁ%s%?ﬁse%& erei’rgil%",aryl oxyal kyl " defi nes

aronat i c fetom 6., sitioardiviationt Presouikypreferredpegiejasiinclude Bpse eOREHE, | Ky | group, as

defined hgf’aﬁi;ﬂnomﬁowésidh@sr b0 ye¥ ity bt leai S SIREARCSIdIGLYRST i t Ut ed

aryl oxyal ky nmoi et es_in whigh _tdheﬁ%gqr%t i Swg{agyﬁléa&ﬁubst Ituted as

descri bedm%mec‘?Ubgtﬂﬁaita?@waF\?I“?s‘ et REPGSed” herein, the term

" mer capt OamifitkidieruedDi et i es of the general structure -S-R wherein Ris H,

al kyl , ar @g@%@%ﬁéﬁ%ﬂﬁgﬁ%m@‘émmmmahme term "saturated
aroon” denote

cyclic hy not e roups, such as the cl.op |, cyclobutyl,
cycl opent jpined tegegher throygh anaigig,kop @F‘gﬁvﬂﬁgﬂgﬁﬁ‘g?a %lé‘%e s%ructures. These
cyclic hueimsauiaonéa-amio dids, sihexthel-omical isgsherior the Prgptiselisg@eiur es. 21 1 9 APR

2005 WO 02/ 061661, R I@S ,&%Eﬂn adiflORkanl 1€ blafdhiie, " Unsat urated cyclic
'?m@mgr 'ggécri- e :

hydr ocar b8H S"use de - a val ent, non-_agomatic group with at
st onepivishee sdhppossisio as eyl Y S SEPUROMERE ctc. anc
subst i t ut g¢, MEHEMIVERY ANDHIOCHEMINERY. OF pMING AGYRE; BERDEShs can be single- or
mul i -TiNg - PROTEINS, B. Weinstein, eds., Marcel Dekker, New York, p. 267 (1983).

[0074] “Protein sequencing tag,” (PST) as used herein, refers to a contiguous series of

at least two amino acids representing a partial sequence of a protein. A preferred PST

includes a label of the invention or a fragment of a label of the invention or an ionized

derivative of a label of the invention. )

[0075] The term *nuclear binding energy” refers to the mass disparity between the

calculated and actual nuclear masses of the elements. It is defined as the mass

equivalent (according to the theory of relativity) of the energy needed to separate a

nuclens into its constituent isolated nucleons.

[0076] The term “mass defect” or “mass defect labei” refers to a portion of a label or

the entire label that provides a mass sufficient and distinct to be readily identified in the

mass spectrum of the sample. Accordingly, the mass defect is typically an element

liaving an atomic number from 17 to 77, other than sulfur or phosphorus. Typically,

the most effective mass defect labels for use with typical organic chemicals (even

organic chemicals containing group 1 and group 2 heteroatt_)ms), such as biomolecules,

e -—incorporateon&ormorc-elemems' T
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structures. (0095] The term "heteroaryl"” as used herein refers 1o§ar9§aﬂjg
rings in which one or nore carbon atons of the aromatic ring(s§ é 0
repl aced by a heteroatom such as nitrogen, oxygen or sulfur. Heteroryl
refers to structures that may be a single aromatic ring, nmultiple aromatic
ring(s), or one or nore aronmatic rings coupled to one or nore non-aronatic
ring(s). In structures having multiple rings, the rings can be fused

t oget hegg pddsitked covalently, or linked to a commorgsoupiesuch as a

met hyl ene or ethylene noiety. The common |inking group nay also be a

car bonydvingan dtamiqriamberlof 35y 63| Ekaniples ofifes moskprafenedmpré Akl Aefiengs such as

t hi oph % pht hal i mde, yrazol e, indole, furan, etc.
or benglo Eg@éfngﬁdd]ﬂﬁe @ ?’ﬁ these rings are defi term

g{ al.nggl t he
" het er WATR Theterp(jdrosivo “‘Hét‘é?“élaldiﬁ“&ﬁ maghematigalpragedure 5‘%’@%" "het eroaryl "
wher ei ﬂ,,@g},vain u,konyn@ﬁm‘,mta&tidﬁfdaﬁedtcoh@hebommﬂdomhslpbrindlclneseeroaryl group to

anot her oup Ogﬁﬁ%#%gﬁ@&u%ggm%g%ﬁﬁa&w% ot @tg?{lﬁ%ﬂg‘gmpet eroaryl as just

descrl?f nucleus 1s sul ‘ with one or nore
funCtlﬂéﬂidds groups such as Iovver al kyl, acyl, halogen, alkylhalos (e.g.
CF3), ﬁ){ﬂ[ 'qus&iﬂéﬂ?ﬂomﬁhkxbﬁﬁﬂhaﬂxuwhﬁmﬁﬁammyl oXy, mnercapto.
etc. Thus, su stltut ed anal ogﬁs of heterroném c£ gsndsuch as thi ophene,
pyri dumamrawdsm‘za!ﬂﬂﬁw gererally haxing uran, etc. or
benzo-§ amhagmnﬁhdhhemfmbm@m 648 earlghes. .mﬂ:gylkxlg@ug erm "substituted
het ero 98 dmbsd: argﬁknﬁ,yel%, ndid@ls@lcfdd, 0 a subset of
subst%fé?%&skg?oer%ar)ﬁl B{aagcrl ma ove i ch an al kyl group, as

def i nefir dxemp, Wucwmesfawemﬁetwm en&r“zfﬁ'a’ef' ERETHEF Woup.  [0099] The
ter m " BelcRlaQmi i Bave i BrandBingmGHE similar td icprapgls Gty & betylrbololpadpeiat  sat ur at ed or

unsat ur at ed aronatic ﬁg}{i $ »or multiple condensed
rings ‘F‘f&ﬁ“fg% in, fhe Jerg enco a'?%w t?%%@ls Wt’?gér%ng?o . sel ected from

ni t r 0gleer9) "Subsfitted gkylowfyr torellagh 2 Jystdescribed inclugipg onepRpPAPBPEI ¢l es are, for
exanpl &mﬁ&@ﬁhﬁf,ﬂrm&;mﬂ anrmsmabgeﬂee. Blicyltedds cbigh €F), hwoml i dine, etc.

[ 001001 . The ter subst he . StoN describes a .
subs et 2 a““’ﬁ%f"g‘ffﬂ i iy e?aé'?'r?’ ﬁﬁxsﬁ%gr(’)@ |! :nucl eus is substituted
W t h othie, acd; ox@ﬂm&ﬁnmﬂmmmw@e%%‘a@ﬁ’%ﬁshwesﬁ elike.acyl |, hal ogen,

al kyl hﬁj % R or AIBktRRNt ofl thk BIKY moied] Kyditivmallyo, acyl an no,
acyl ox rcapto, etc A9 2005 WO 02/ 061661 PCT/ USOl/ 49491
100101 W@?WPMWE’I"FE%I{%?% $"es a subset of "heterocyclic"

Wher ei jpos8]TThe term "aryl” is used herein to refer to an aromatic substituent, which may be a
single aromatic ring or multiple aromatic rings which are fused together, linked covalently, or
linked to a common group such as a methylene or ethylene moiety. The common linking
group may also be 2 carbony] as in benzophenone. The aromatic ring(s) may include phenyl,
naphthyl, biphenyl, dipﬁeny]methyl and benzophenone among others. The term "aryl"
encompasses "arylalkyl” and “substituted aryl.”

[0081) "Substituted aryl” refers to aryl as just described inclujding one or more functional
groups such as lower aﬂql, acyl, halogen, alkythalos (e.g. CFa), hydroxy, amino, alkoxy,
alkylamino, acylamino, acyloxy, phenoxy, mercapto and both saturated and unsaturated
cyclic hydrocarbons which are fused to the aromatic ring(s), linked covalently or linked to a
common group such as a methylene or ethylene moiety. The linking group may also be a
carbonyl such as in cyclohexyl phenyl ketone. Fhe term "substituted aryl” encompasses

"substituted arylatkyl.”
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——t

al kyl group, as defined herein, links the heterocyclic group to apother
group. 1001021 The term “"chel ate" refers to the strongly associ: BvéPR 2005
binding of - a metallic elenment or nmetal ion to a substantially organi C

nmol ecul e through non-coval ent neans. These are alternately known as
organonetal lic nol ecul es. CGeneral 1001031 Enbodi nents of the invention

i ncl ude a mass spectronetric nethod for inproved discrimnation of |abeled
and unl ? ol ecul es or fragments of nol ecul eseciumassmmss spectroneter.
The net S may be used for sequence determ nation-and for increased

conbi. nqmmrmdtemﬂmhhydrhyseﬂhmnte&fﬁrl?ésdﬁ@ef"?wi"ﬁh‘f@@tﬂeﬁwh mass spectrum The

met hods Ry @&edgmﬁgé&? P%ah@lt}fdu Riefinell Béa.NUs of a nol ecul e or ol igoner
with a®idbef rea R i ncor por at es an&sﬁ\ t; and discrimnating
the r eﬂlﬂﬂ&ll"%ﬁ#@é gﬁ‘?‘eé‘tﬁn‘fsaﬂ@%ﬂf ﬁ@?“éﬁ?ﬂl“@% WhEtg'p e 8‘??@& unl abel ed nol ecul es
or unl ﬁgﬁéx&gnsﬁ%ﬁahﬂaﬁoﬁd&wﬁﬁaﬂfaﬁaltﬁgbﬁmm&dhezpﬁctrum [001041 In certain
enbodi nents, a nmass C tric t od f Y crimnation of
| abel eﬂ’“%a'i“’t}ﬁpa{'%‘ é‘d‘gﬁé ‘%??ﬂ t8?eg$brsgg #é"%‘{%g“l‘ggﬂ‘f"g?‘s in the mass
spectr mmymﬁarwmﬁﬁiwaﬂﬂaﬂeﬁ@mmsequence determ nation. A preferred
enbodi P58, Thelerm ﬁ&g%ﬁ?mfaatfﬂmm@nmmmmmmused for protein
er m na 1 on.

sequen exanple, a N or Ctermnus of a protein may
be | ababmesl with a unique nmass tag (nmass defect |abel), followed by

fragne ir%,gf-‘laﬁthanhﬁkbﬁ&sedefdm@ﬂaeamdnﬁuﬂhdﬂc‘eﬁdncttkmvirithmomiiti on zone of a mass
spectro er é - Do ln source fragnmentation) or in the collision cell of a
VB/ VB THRYET 3 d determnation of the term nal sequence of a protein
by usi mmemwasmwﬁqmw&asroﬁes@ﬁ bed herein. In another

enbodi i Qs HRPEE {I&)ém&@ MKM&R%MWW parent tenplate or
chemlwqﬁy or enzymatlca di stedtofp nts that conprise a
sequenHi afkyl arilprabstigredapalngpes e 'F?adﬁg‘m Waisseéragqn]ﬁ"gor PN cal Iy identified
in theghRdsy &&ﬁiyrawmimmzﬁhﬂmﬂﬂésém:grﬂtelgahpmef ect of a |abel. Label ed
pept i des reng. at ed |€1§L;Ji€i9 2 by their unique
nass sloﬁwg%‘g? %’ﬁ”‘fﬂﬁ s?'}hgﬁfntq?rrelg %a%?s%ﬁﬁ ectfrum andleﬂm? be deconvol ut ed
from nwmmﬁlmnwka&wwgﬂamu%efam‘a%% bSO/ t h t he

i oni za“ugjgy pRtrix and contam nating protein or peptl des by their relative

abundance and/ or  uni que, nat ur, Soth@nKi Ng system may
be usel@o) At ved be F"g’o?’i’g%“g’g’xﬁ %n eﬁiﬂgﬁg certai nty of t he sequence
deternya@dnmlymgmsm@mﬂ&@mmwmmﬁﬂwqw I n sone enbodi nent s,

this prggh%ﬁdgﬁh&smmc L2 5 sibflitheaSS debdiian abovafol "shitimd i fi ed | abel ed

0L epti o 0, Bl SRR T et 1515

etc.

[0091] As used herein "aryloxyalkyl" defines aromatic groups attached, through an oxygen
atom to an alkyl group, as defined herein. The term “aryloxyalkyl" encompasses "substituted
aryloxyalkyl” moieties in which the aromatic group is substituted as described for
"substituted aryl.” )

[0092] As used herein, the term "mercapto” defines moieties of the general struchure —S—R.
wherein R is H, alkyl, aryl or heterocyclic as described herein.

[0093] The term "saturated cyclic hydrocarbon” denotes groups such as the cyclopropyl,
cyclobutyl, cyclopentyl, efc., and substituted analogues of these structures. These cyclic

hydrocarbons can be single- or multi-ring structures.

21



WO 02/ 061661 PCT/USO /49491 sequencing techniques. Alternati veI Vg éE@
net hods may be used for sequence determ nation of other oligoners; hzggg
ol i gosacchari des, oligonucleotides, |ipids and the Iike. 1001051 In one
enbodi nent, |abeled oligoners, such as proteins, are highly fragmented in
the M5 by collision induced dissociation (CID). CID can be acconplished in
the ionization zone (e.g., in-source) or in a collision cell through high
ener gy wg%g{) Wi th non-oligoner gases introducedetnusor@4mol | ision zone.
Preferre e]I s lead to increased ionization efficiency and enhanced

vol at i (onmymfwmhmlcycﬂmlydtoeﬂb@he@lUMfPQm@Fafﬂp%ﬁjﬂﬁﬁ’é"“l‘ ons, .relative to

t he parent. ol HiShofd, REIRLs @ bicYedefk, dc. pidl ent pr otein, thus
|rrprov?r fhic dépg’gveraft?' etecti on sgﬁgﬁpr|t j,Pref&irred | abel s inpart a

uni quesumsl&dmalgﬁmWft'@e&eﬁléhc‘!yﬁ‘&ﬁfﬁt@?ﬁcé“‘fed‘ TCHYA8Y are attached. In a
parti ciihagbsy pref erred enbodi nent, the unique mass signature may consi st

of one or nore orat ed i n t contain a nuclear
bi ndi ni§® éh@?edﬁ?"t%ﬁ nhﬁ‘é’f%ﬁ'?mgﬁfm%?r &trc g“é?%ﬁ‘?‘%ﬁé%k%? the el ements
assocCi @ibedlatstolithe anhatioriag(s) d'sreplpef)bn achetgroatem B pstOEROYETy.  C, H, 0, N, and
S) or other ﬁ%@ﬁgmsgcmﬁygéasmfglehﬂﬂmrrﬁg,amhpmmrs derived from

S uc a

such ofi goner as sacchar.i des tty aci uc‘lzsm( cl eotides and the
i ke. Hoa(SheRoRHmoE HHBaYSHIES cOup Fﬂ%?f?ﬁ"é(’md\" BtopI B ‘qudl stinct versions

of a ImmrmyngMIﬁpﬁadgsmmmﬂw;dmml"ﬂfed!weﬂatﬂ%\?é #undance of the
resul t| ﬁ? | sot o‘%{ hoag“#%h 48 S il RneDREe BN R défnfhoR Brikdng g@lp hayt €rest in the mass

spect r'f | rrent I abel anal O%g“gt hat differ by addition of
one oralmecam}ﬁgﬂmmmm *uni quel y di stingui sh
peaks {sGxb AR, phitiativkifh pyiErole, ﬁpb,(ﬁrmum othnmhmlomqudl ment, peaks

associ at ed W t ol gﬁs may be deconvol ved from unl abel ed peptides
by t hepese %ﬁ{?‘%t&ﬁg‘ﬁ%ﬂ‘gnc he seq Snce of a rOtﬁ%gf protein sequence
tag |s[0q96b'ﬂbmlylkylwﬁwFﬂ@?°E?f"¥Wl erpipy i At & ght end of the
NMBss SPeRH! ki eﬂwy%&gmba@ﬁs over prior methods, such as greater
absol ut e nass ur ac Ghe hetbrBidiudi ng resol uti on of
Q and | W’?’e&mf‘fhﬁ%&* Fgeés esu d'LsFa P‘H %lgﬂt I'de ﬁfraagrrents 1001061
The sdua%mmmmmammmmww*%ﬂ‘?wg"?ei?ﬂrﬂ & requires

consi ﬂéﬁ%ﬁg @;)’@Wﬁlm&mﬁx?ran@amﬁbra@tamﬁoMylb:@bmércaps preferably robust

enoug 0 survive ment at ndi . Second, the
| abel %@@r%ﬁ?ﬁ?‘?@g‘ﬁ?‘gﬁf un| ueghrf%su}éépg‘ﬁ'grpgm"%mn signature that is

di sti ngﬂmh@bﬁ:ﬂmfﬂeopmmiymm,medom HES™Bych as pepti des,
gener at ed ﬁ%ﬁ tégk&% s of an ol gorrer or from other unl abel ed
organic

al so dmy"Summea@‘o% ?’H’Eﬁe&t‘ i}’/sg?l{dedglﬁezt% g ragﬁ%sg;?%)({ gnswg ![ ﬁgs ™
f r agmesBbvain wiichian a1kl grop, mgﬁneemmam«wemrw EaED to gnother group.

[0099] The term "heterocyclic” is used herein to describe a monovalent satarated or

unsaturated non-aromatic group having a single ring or muitiple condensed rings from 1-12

carbon atoms and from 1-4 heteroatoms selected from nitrogen, sulfur or oxygen within ihe

ring. Such heterocycles ate, for example, tetrahydrofuran, morpholine, piperidine,

pyrrolidine, efc.

[00100} The term "substituted heterocyclic” as used herein describes a subset of

"heterocyclic” wherein the heterocycle nucleus is substituted with one or more functional

groups such as lower alkyl, acyl, halogen, alkylhalos (e.g. CF3), hydroxy, amino, atkoxy,

alkylamino, acylamino, acyloxy, mercapto, efc.
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1 9 APR 2005 WD 02/ 061661 PCT/ USO /49491 i ncl ude even unchar ged tieg ”ﬂPR"ZUUﬁ
resi dues, such as uncharged N and C-term nal residues of prote
1001071 I n certain enbodi ments, the nmethods incorporate a robust aI gorithm
for the identification of mass defect | abel ed nol ecul es or fragnents of
nol ecul es and determ nation of an oligoner sequence, such as a protein
sequence, from | abeled oligomer fragnents in the mass spectrum This
al gori tQpeskasehes the spectral data for all possidgrasalagoner sequences,
such as protein sequences, starting only fromthe mass of the |abel, which
is knopmouThe Thd teyor hetcnorydlisadal” Wefins aisphsetiofybeferpyclih W@ ¥t i 0 of t he | abel ed
oligo Cl‘ﬂﬂ:ﬁtﬁ diflgsup teehdr3Rup.€l at i ve abundance of the
ne gIJg'Rﬁ'gpea ped bt an 'T“%Q} o gRus.

resul tf stor ossl ble ofi ences. A cunul ative

(f or walfetoRlooki ﬁlgf)mﬁlé‘ﬁﬂﬂﬁg‘efﬁ@‘%%H“ﬁgga@?‘?ﬁ"ﬁg’fggé’éﬁ '%léjes as successive

nunber GeqQft dr RiSthidorRSa subsbintiafii &gﬁtcenomnmmmagm nds-cdvalent peass.éThesesequenci ng, are

found In_the pass s ectrUﬁn a preferred enbodi nent, chem cal noise is
8molfcrglles

sel ect%@??‘“ﬂét’tﬁ’mﬁﬁ € mass spectrum prior to the application of
t he sequengeémegal al gori thm Unli ke previous sequencing algorithns, the

CUT T @Nfy Ghydor | @dmnémmﬁemamammwmmcmmm ed without human
i nter ntlon elther to define a.starti.n L@ or to identify or
gﬁ% mol es ina

qual i fipropaddiseriseinationof bbelgapiplabeled EEPEEtTUM I n anot her
enbodi fREpedbfe t&}] mmmmyww@mmedmm gndfprdnsreasa® be furt her

qual {%,g;.,g% G S PSRl ) BR0%, DRSRUbbueyBe oL o1 SeqUeNCes

ne“sequence data partlcug rlg one mted to the
organlmdedmmmﬁ@ P@P’é‘i"h""%’/\ﬁ@“‘ﬁﬁt“%ﬂ’h er enbodi nent, the

hi ghe S ofpai &gﬂmﬁwﬁmmbnkt&u!ﬂ&mmm:gﬂmﬂwa: ified by t he |
separ athQ‘% 8? tes A URIERL fraghlel Skt nfasfectrurh. SCEI €Ct i Cc point an
ng)e&?%orn

mol ec P am no aclid conposition, Alternative

embodi[peIndls el cerin emtiedineegis,pgnagiEpeBRpalrs msth foRiprosFd gomers including, but
not | G dmkthistiol S 1bHGd i Gnldelbdinoldtiey/s Aagivat biimlecalyyit hetss ol i goners and t he

li ke to father qualif ranked JoINMe o]y T g bodiui98) Enbodi ments of
the i DR AR (%l”@%’?‘ St el one or nore %i ements Into the |abel that
have aWMMMVW@@W?dWWﬁ% the mass of the

| abel g&%.ép QUSRS a pRRintnta Bemlealwahsmﬁemmms de€ecot her
st ochi tric conbl

e o s e B oL AR SR |1 (1T ey,
may bepsesmtd @, W-tircaingmentation) paeshe CWF@HCT}‘r‘éS MM stEERy rel ative
abUNCANE G e Al ARl S8 bk ot PRI 15 QY eumABTRbIRIgodiLr e5. | addi ti on,
the rreas described herein. In another embodiment, labeled oligomers may be synthesized from a

parent template or chemilytically or enzymatically digested to form fragments that comprise a

sequencing ladder of labeled fragments that are algorithmically identified in the mass

specirum from the differential mass defect of 2 label. Labeled peptides may be differentiated

from unlabeled peptides by their unique mass signatures in the resulting mass spectrum and

may be deconvoluted from non-labeled protein fragments and peaks associated with the

jonization matrix and contaminating protein or peptides by their relative abundance and/or

unique mass signatures. A cumulative ranking system may be used by the algorithm to

strengthen the certainty of the sequence determined at successive residues of the mass tadder.

In some embodiments, this process is accomplished in less than 1 min fora purified labeled

protein, yielding a 500 to 1000-fold more rapid m~+*hod than current MS/MS protein
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may be used to help identify | ower abundance |abeled fragments pjapus
various ionization nethods (e.g., d-, and w -ions produced by protein an
peptide fragnmentation). 25 .1 9 APR 2005 WD 02/ 061661 PCT[ US01/ 49491

[ 00109] The use of mass def ects can al so be applied to the quantification
of the relative abundances of the sanme nol ecul e obtained fromtwo or nore
sources in a nmass spectroneter (see, for exanple, WO 00/11208,
EP10423¢8the1seNd EP979305A1) . Using this particul acrusausedol ogy, a | abel
can be attached to an oligoner that differs fromithe other |abels by the

r epl aceqemingothnime. dltamtvey, the mptheds Bavhsmeed fos srapses dSE™IREM o enent. The

SOUT CE o lER1i ﬁnﬁrg‘sffc%%trl%b@&ﬁa%u&mh Jn&léoﬁ&glhpiﬂgmanﬂlmme rel ati ve abundance of

mol ecul’8s  or s from each sour,ce ﬁ’%ﬁ tified in the nass
spect r @#PSIThe Hl@?@ﬁ@‘ﬂ?‘“ﬁé’éﬁ'ﬁ‘ﬁ@?“’é?é“@?&ﬁ‘“ﬂ“&s &nél y differentiate the
peaks @inshddth the MSby doRisieiimcstisacition (CIDY 1D aotbeswompighedibdi fi cation of this

nmet hod, to . i.ncor orateoeor §fef Giler Iilgﬂgam,ﬁlntothelabel may
i nprov‘E“PWE‘defER‘f%’f e é’ﬁ“‘“ g@”g{%sce t egqrg’gul(f?ng I aEeI ed mol ecul es or

| abel aomhgomb@sdsmmdwé@ﬂimdhﬁlca‘mﬂecﬁéﬁﬁf‘d? s lgp e resul ting mass
spect r;um, mﬁmmiﬁwfméﬁﬁlﬂn@mwﬁmoﬁ@mmghmmd i n conj unction
wth prote| n se uenci n net 0 u adder sequenci ng
(see, ®dpemwdse ﬁ'ﬁ"f”ﬁ'a g& m’ﬁ E’é E@'@%&H%ﬁc? épubl i cati on WO

00/ llaﬁhﬂ%aammhmﬁﬂypm@ﬂmbémmngemﬂqﬂ@ﬁvﬁﬁq‘E%lt i on, and

i dentification r{ﬁ%? ariQlah %,Eﬁdadleabddnﬁm,ﬁiam@& No. 6,027,890, and
PCT pu‘IB'ch?istlons %3?232501 and V\g 0/1 %}%ﬁ oagfnamass def ect

| abel mpgsmmamwo%*’ S by M5, outlined in
U S. Rahige m%ﬁ&ﬁallydﬁeﬁ%mmof@eﬂwnﬁmﬁﬂ“m194 144. Still

further, th t#%gndﬁ: Qeng?% ﬁég{mggiﬁ.gm,ggnmtb@nmence of

pol ysaﬁ‘f‘é’ﬁ cosyl ati on Ite n ofds,a protein), outlined
in chgommmgsd@%m e, SEB 95 SEANCY B > Mor e br oadl y, the
met hoqy,A8Ydd Sad#saille. tmwmﬁuhéneamdmﬁﬁsmmtallmmst(ns@mce det erm nati on)

or qua fk{e',cat'on Oﬂ,ﬁx &Wauiéa@md%éﬁﬁﬁ&%nﬁw@mwﬂ her natural or

synth B?yol\'il nmass defect | abel can be covalently attached to
t he pokqlmmvmlgrfmﬁmb@hﬁ@ﬁ‘r%y In gnathsr gypbodimenh 498} ¢ he struct ural

o R e e et ST
t hese Wt gggirﬂ?fn 9;.,«;3}3@? g‘ragﬁ%’a (di s.’zé;?gd zs heal t hy
t i SSU@Sshcisied with Iaejcttbcmdasl xy:y.bgdec@qvﬂfeg,ﬁ@ﬁpplaqeleﬂ peptides bY BEr Jnal ysis:
di ffergnii Wcﬁﬁaﬁkﬂ@of@mbﬁwmd&qﬁ&wm‘& pafrablat ty aci d anal ysis and
struc tclalgsﬁuctegt erEn rﬂQe?o%rt :Ino 4 lgllcwelnjg[ﬂts e%gl SH mags s%&gum, providing advantages

over prior methods, such as greater absolute mass accuracy and more facile sequencmg,

including resolution of Q and K residues, from the resulting labeled peptide fragments.

[00106) The selection of an appropriate label for this technique requires consideration

of several criteria. First, the label is preferably robust enough to survive the fragmentation

conditions of the MS. Second, the label preferably also creates a unique mass/charge {m/z)

signature that is distinguishable from any unlabeled oligomer fragments, such as peptides,

generated from internal scissions of an oligomer or from other unlabeled organic molecules

that may be present in the sample. Third, the label may also carry. an ionizable or

permanently ionized group to ensure that fragmentation produces high-abundance ions that
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branched fatty acids; lipid analysis and structural deternination; JaA8R 2005
nutrient quality control applications, and conbinatorial library tags (as
outlined in US Patent No. 6,056,926). [00113] Turning first to the nass
defect | abeling of nucleic acids (e.g., DNA or RNA), each of U S. Patent
Nos. 6,090,558 and 6, 194, 144 describe how DNA can be sequenced from26 .1 9
APR 2905 WO 02/ 061661 PCT/ US01/ 49491 synthesized fragnents incorporating a
uni que wgessls@bel in the priner sequence. In cont PEEESOM¥He present

i nvention provides_that el i ly 1abels having a
nass l@é‘ﬁ‘é@?ﬂmf}ﬁfgﬁ%'f'?"ﬁ]dﬁ*faﬂg %gs?n%%ae%%&g %rgggé{n%#?%és?h?%s%?um abel ed fragnent
and pfppbyelng nor e robust yet sensitive nmethod. Another advantage of the
use o ect. gi,ugtlg@bﬁﬁmm‘nheucl ei ¢ acids that
may bd®%d uen?ﬂ‘ﬁfnm'r'l par a Ll' e s InBAARASE

The advant Elg]gs of 53‘ ef ect |abeling
(rat hedenﬁﬁnmondmdefe'gmd?'&ﬁé’f?%@“ﬁr% es mﬁ'b'{a @i sclosed in the
earl | e; y@%@@&lmaﬁ &ﬁmmceMMmane:ﬁm@ml EP979305A1, and

Bat'en 6, 027, 89 escrl diitk GHEndBSss | abel s for
d| ffem@ﬁﬁ%ﬂ“‘aﬂaﬁsﬂ@?‘gh’% Okﬁ ‘g Fogﬁl%ﬁgh%%t el nngeﬁd DNA ol ecul es

bet mg&h%ﬂﬁﬁﬁq&mwm@mylﬂome}ﬂssoé%h%ﬁhlc Edpovne Tl ences fail to

anti ci at‘ﬁPor ASatlatNo ﬁ%eﬂﬂélém{e%ﬁ&&éomeﬂﬁmatchm a mass def ect

el eme lﬁ uni que nmass | abe a?(ﬂtlné&a% sgl]%lﬁglgg}g xt to

ol i gomddaanﬁ@emlﬂh‘f?e!’W%WB’@gﬂ&'fﬁ e-use of |abeled

car bo egcmnvammm@mﬂmwdamdmwstemmﬁ?%sm 5,100, 778 and

5, 667, 4 descr i fbgbein kQquéeihg bl fdRd ihhe ol i gosaccbari de
sequeﬁ't"é“ﬁ Wﬁﬂgﬁ'& ﬁeéﬁ%nglg ni. u dl scl gésae%%gerql [ mght be applicable
to Iahmlmassgpemtm Immrefwdmg@“‘!"a'g"shm‘[’ posejis 3l "SR Of a nmass defect in
the | gpgl Wp@&espﬂiéansﬁbfﬁtmgpnﬁ&q@am Uoliksorevioysnt erferri ng

regi ons of the spectra a IhFl.ﬁlgg O v RRiRfehed Wthout Thus, appl i cati on
of  t heeavspgiagal @@P‘E‘&“"ﬂ‘%ﬁb"é a?gr?g rre“qhb%%o ogy ! e ?ﬂi) here| n provi des nethods
to |damhanﬁgwﬁehmmsuigabde@eqwn@é’fwnb!%%1 GWIRY drate by | abel i ng the

car bo% hhﬁ@m&s e, pﬂ:ﬁﬂxerambod(munttmlsmsttabkeé nmodi fi cation for
the inc rporatlon of @{Snsm any ot her nethod
avai | a@!‘@“ﬂ&“ﬂ’ﬂ’&%’e""% h%ee% C‘Ee“ ent | foyl ng the mass defect

| abel gﬂ,ﬁﬁ@@%&t@&cﬁM@W&Wﬁ%ﬁw ?“e impted REF hohydrate structure can
be determ ned L \m%&&asb&amrmwrm&mmmgrmfammme smal | est

| abel é’ﬂgmf'ragrrent S sim]ar ENA Moo B { sequencing nethods
descr istauehcepeepibil ‘“%WWW%P‘%%% esg??%g&cwnassgdefg(ﬁﬁ el enment into the

| abel pms,(ugl,kdekgmd@hmdmiomlaqgelghﬁhﬂﬂWm@P@’aﬂﬁ'%ﬁé?ﬁ“g from t he cheni cal

noi se. ‘Alternative embodiments may include using databases of other oligomers including, but not
limited to nucleic acid, poiysaccharide, synthetic oligomers and the like to further qnahfy a

ranked oligomer sequence.
100108} Embodiments of the invention may incorporate one or more elements into the

label that have a nuclear binding energy (mass defect) that moves the mass of the label to a
unique mass position in the spectrum that no other stochiometric combination of the other
elements may have. In this way, labeled fragments arc more easily distinguished from

chemical noise and may be detected with more accuracy, when present in lower relative

" abundances, and when present in more complex sample mixtures, In addition, the method

may be used to help identify lower abundance labeled fragments produced by various
jonization methods (e.g., d-, and w —ions produced by protein and peptide fragmentation).



100116) Turning next to lipids, the fatty acid composition of a lli i APRai05
be determ ned by |abeling the glycerol phosphate backbone with a nmass
defect containing | abel and randomy hydrolyzing the fatty acids to form
fragnents of the parent lipid- The fatty acid conposition of the parent
lipid can then be determ ned by nmass addition to the | abeled glycerol
phosphat e backbpne accounting for every possible fatty acid conbi nation. 27
J 9 APRygpftRie¥¥0 02/ 061661 PCT/ US01/ 49491 100117) rCHUe#He n enbodi nent s,
am no acids, lipids, and nucleotides., can be deriv G?EhF d by met'hods

gener ajobip9kav ai Thetysecof mass defestseansalep be welied pp thaquantifiqation of the Elafive i o '| - di st i nct

lja]l?](cal Sab ﬁ:Ed@ncUs%?Fne a4 m?ﬁgnge\(,gﬁ,ﬁ,f ZitolQWo &fmomb@@uinasmamp@umérl or ext rac:) ed from
Cort o Gedoraps, WOILUGR EPl R BEAT akra URRY). UsfihiBlulle V3 0 Y DE

def ectmggﬁ(ﬂaﬁ»@;alau@u@nﬁehmheﬂwn ohmettmdlﬁvefrqmthe ethirlabglsbyites | sol ate t he

| abel g,?@m)' G ghos m‘?eselfr Si?a%ie .&ibgmf%leleﬂfam%helsau&ebﬁaﬁ%ﬁieaum and obtain nore
accur

nce measur enents. However nticipated in the
prior sab:tqmmﬂmlmgﬁnWﬁWaeﬁ%“‘ﬁPf‘ﬂ?i?cF‘ésr%ﬂ‘F Iahels % RGP s s def ect

el enengs uhﬂiﬁi&!ﬁxﬁ@u&@b}ﬁéﬁmtmm&wﬁh&umwmemﬂnﬁmpbes that can be
si mul taneous (%Hscrl m naEjemi in t(l;b ﬂo&h&ﬂoﬁ@%ﬁ maRil um  This

met hodB‘TR? rove el so ation and-identification
of . aﬂdoﬁ;sagewqrmm&fgmmmwm&ebmmmﬂvwm“ F88H cal sanpl es (see,

for exanplShe riduithg 18EEd moWRuiks JYRbAEN/ Be difPRatdd Gdth anydherieal hdi@ M xt ure of

| sotopica I y-enri ched net abol ites obtained froma source.-are subsequently
der i vainhe EmigEmMIssPrEBe| containing a nass defect to facilitate the
i dent i borgejt i ONEmimaithenj i tite infventian eyrbe afed njsenjyngtisnaith ewtei?y - enri ched net abolite

fromthe non ¢ hliG@esienci ng and
i dent i 9 Cafnﬁogwg&?%lemimmeﬂcﬂg&&d ohérding hplicesil g

oners g&B q&el | N0 oGl be used to probe the
st r uctSer Mo H0@4216iane “B?“'HT“(YY%@@E ?"%e?glf' &P nacrsegumf Heules (e.g.,
oligo m&uabmﬁeﬁuﬁmmﬁshwﬂwhmwﬂm@lldﬂsdh&nmq 388G e i des). 1001191

Deut T Eo ch
272(%@&“&1 °T1rw§3%%§ %ﬂﬁhﬁ%lﬁﬁﬁ%ﬁ&dﬁm&amﬁmgm so Bi 0 em

as been us ary and hi gher - order
pr ot elhqappb@d'taBNt}rS@“ﬂ*ﬂﬂg‘Pﬁﬁ’ldﬁ)WsM? H\}‘B‘f é’oﬁgﬁ gl%gﬁ@f&gl ng. Mbieties that
are ewsm mo,ssdammmm Sl furthexobe dpthod e bowsehforiébtermibigs bound | i gands wi | |

exchar‘get ¥dro‘g?§saf 3 Ut eLd Iﬂerte lgmw&@r,,f pﬁ},g\gm ), btin@d N t he presence of

deut e uent p ol ysis of e protein and mass spectral
anal yinSPetﬁmNhssSMﬂ%@dﬁé@ﬁéf‘rd nondeut erated proteol ytic fragments can
elici tooﬂgf or nﬁh:b%a@bmahemxﬁlybmﬁnmvanmdemmeequmcspeC| fic

hi gher e&nmhon? E)rrqlillgnwcagon o?:!m%%yrk& £ different sources, whether natural or

| synthetic, providing that a mass defect label can be covalently attached to the polymer.
[00112] The invention may also be used for the structural identification or relative
quantification of nonpolymeric chemical species from different sources, providing labels can
be covalently attached to these molecules. Examples include: differential (diseased vs.
healthy tissues) amino acid analysis; differential nucleotide analysis; differential saccarharide
analysis; differential fatty acid analysis and structure determination of unsaturated and
branched fatty acids; lipid analysis and structural determination; and nutrient quality control
applications, and combinatorial library tags (as outlined in US Patent No. 6,056,926).
[00113]) Turning first to the mass defect labeling of nucleic acids (e.g., DNA or RNA),
each of U.S. Patent Nos. 6,090,558 and 6,194,144 describe how DNA can be sequenced from
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I n binding epitopes. 1001201 | nproved nethods are provided hereln n%P 2ﬂﬁgh
mass defect elenents are wused to |abel an oligoner or other nacrg @ J
in lieu of deuterium By using small nol ecules incorporating elenments with
mass defects that can target specific reactive groups and anal yzing
fragmentation patterns of, for exanple, intact or proteolyzed protein
sanples, information about structure or function can be obtained by

sear chi wg ofébligspr oducts that are |abel ed or unl abagCB@sa49491t he nass def ect

| abel . This information is obtained more readily and unequivocally by the
r educt systhesized fgmptipdorpprRtinga “%’ﬂf&tm"fsr\‘i?e’ﬁ’h@%w%&‘le“"ieab‘é?““ﬁ“f"ov| des. 28 1° 9 APR

2005 W OdefiGrBiftibn fRbvidet RSeldbélidg R tamrisdpenisihg endy 1htls hrvinga@iassve protein can be
expose ef e | abel . suc ro 19 e gas, which targets
pr ot ej Wf?%Pg’?F%‘s'?‘g%'f’lﬁf&é?gmfwg%"?ﬂ‘ %dsi}l% eg‘}s arpg""fj 13'9+£e]d “differentially
dependma@t,gmdr&iﬂuemmmmheredvhwoi(ﬂwl@eofmﬁrdﬁf&ébwssisthbur| ed) and their

parti cl pallQlmbddof BQQ{dep{hﬂ%Pgese?E%mﬁBQ&ﬁeﬂ ThévhiAghboagapnt ed, W Ih of
wi t hout® prior pr&'t SI'S etyrosme aejrilgﬂﬁgntern probed easily

in thedm@sbebfisé@@’?fénﬁwfeﬁ?‘m‘s@é‘l"@ﬁpﬁﬁs gt g displased;in; from i ncor porati on
of brogide or iodine atons. [00121] In alternative enbodi nents, an area in

whi oh TRSG 97 Sehh AT oy TN eS8, REGSISR] Bha (18 ali oD conbi nat or i al

anal ys macro m) do not already contain
el emen6,827,a00, Heseribe the uhe bixnique manhipkels fo differptist anglysiy apdguastificafionjer i ved material s).

I n th::I S mmas,fﬁgmﬂmmmb d&h‘er&it&fa:ﬂ&s?ﬂ&ﬁrev@ﬂ&dcﬁbf@&se(r&‘er@mesdprotEI ns and

pepti des, 1 ncl udi odi es. and enz i des

pol ynufi! @@P‘f"@é‘gw‘ﬁ‘ﬂﬁﬁé‘b’ﬁﬁgﬁ%ﬂ fpcorpopatip de{eefel'e\‘“;egﬁ'gga ed as a

combi naniqoé sk label.br ary can be probed for act|V|ty and identified by

i ncor king g .%,ﬁgg.;emo 6 R 3 BREALEL60sPRE1 HdcrdesThe RASTENt No. 6, 056, 926.
2@6ﬁ nunber of i

By i ncreasi ng ta ncorporate a mass
def ectl"‘é’IeéFPél??Pyd“&*%@5@&%&?8??3?@%%?%?%%%#e@té 8Jéval uated. Those
ent i ti eenitdthedi3e Sfanass labels iordetekmiie thelioligysacthamids staqpenestyiMS Wiilethedi spl ay a shift in

mass g‘ﬁﬁ"%‘} %ﬁm&g%&,&@gﬂwﬂﬁg uem¥Chys #ONPI €x m xture, it is

strai t he shlfteg ea result of the mass
def ectinpepertiqnsef 3 Hs dafect ip e PR RHpasese Sr%‘%'t’é‘%‘{"au n enbodi ment s,

met hodgteﬂémtgb@owaﬁ&pmamytdwommwmat@e@u&nmlwmvflthegorrer s, in

particul a B ,qlg“ ect, the i nvention
may p'?"‘(j“'?/‘Ee a”atbe %%d F)g#m enciﬂng%&%%sﬁtgﬁswh&hmsa@p conpri si ng:

[00123quommmyﬁa‘ﬁ%]?q@f%%wl§’d‘@” ‘}%Wﬁﬂé’"ﬂgrﬁglﬁpm nus | abel ing

MDi et Y(with suitable modification for the incorporation of a mass defect in the label) or by any other
method available to those skilled in the art and identifying the mass defect labeled fragments
in the mass spectrometer, The carbohydrate structure can be determined in whole or in part
by mass addition from the smallest labeled fragments similar to the DNA and MS/MS protein
sequencing methods deseribed above. Again, incorporation of a mass defect element into the
label has utility for isolating the labeled fragments from the chemical noise.

[00116] Turning next to lipids, the fatty acid composition of a lipid can be determined
by labeling the glycerol phosphate backbone with a mass defect containing label and
randomly hydrolyzing the fatty acids to form fragments of the parent lipid. The fatty acid
composition of the parent lipid can then be determined by mass addition to the labeled
glycerol phosphate backb;)ne acc;mnting for every possible fatty acid combination.
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to covalently attach a label to the G or N-termnus of the protkidnARRAZ(IH
fora a | abel ed protein; and (b)analyzing the | abeled protein using a mass
spectronetric fragnmentation [00124] nethod, and (c)determ ning the sequence
of at least the two Ctermnus or two N- [001251 term nus residues by

al gorithm c deconvolution of the |abeled term nal mass | adder from ot her
non-term nal sequence fragnents in the resulting mass spectrum’ [001261 In
this aspgelosREs the invention the protein may be obCHUSWE4r om essential ly
any source. Preferably, the protein is isol-ated and purified to be free of

i nt er fleMiTg 290 ter@in APRADBES amioe Tik0g 66 PGSR 9491  conponents. The

i sol at Sjva ﬁ'féﬂnoﬁsag@negﬂ Q\Q{%ﬁ@&tﬁ&cMlkmm%eﬁttlﬂs&b}ﬁﬂﬂy-ﬂihnﬁﬂ- term nus | abeling
noi ety to coval ent| ach a_l erf;r; nus of the protein

to forl?helaﬂP &‘B@f"b‘if“"%@&?@fﬁ‘“e@lﬁ”f eg"’feé?ac%g‘f'?/gfr o e s spectronetric
f ragnﬁma&fc@ﬁmiﬁﬁaﬁonahﬂﬁﬁhﬁﬂbﬁeﬁgmﬂﬁ:ywq Gowevedingdhl e t he i nvention is

l.i fied hel t i f skill th
e wi PR &*ﬁ“&%ﬁﬁ‘s‘ﬂ‘a‘ln‘ﬁaﬁ*ﬁ'“ﬂy%ﬂ“ﬁ%‘?g‘é“%wuieﬁ are adapt abl 6

to t h@lapmmiatmwlmmchmﬁv%wsgﬁm (° Rlaig mogs) i gonucl eot i des,
ol i gosaGeR ldt:d@a%nnd%)é@ﬁz&@&én%msOﬁdv@mhﬁhmﬁidaaﬁﬂld_;ﬂbedrﬂdthd:’"I eMs’ 1001281 The

| abel i ng of  proteins th varl t BHNE m xed

aqueod@P@?’@&HP@'@eﬁPV@%ﬂ Sec}?cgeli"%gm%d‘e%%g art %n a wi de range. of

| abel |nwwwammm04n¢$nmkﬂhﬂ}emﬂﬁmwﬁw he present

' nventrlhfg Qﬁgg&i véﬁewaﬁﬁmﬁﬁdemﬁc&donbm the art. See, for
ans et at .

exanpl’e, | %%!EPRB Hol den- Day, San
Fr ancimstsbelites orpiplogical easplps @fe’&'fe" "NS: FOOD, NUTRI TI ONAL
AND %&ﬂmm Asaﬁﬁmy-eﬁdheamebolmm#ﬁsmwsem es, Vol. 198,
Amer i ¢ mﬁﬂﬁmﬁgﬁf Lrwﬁl B%Q&w@f&ﬂuatel&&&’mﬁaﬁﬁey et at, FOOD
PROTEI EM.CAL AND ENZ | C MODI FI CATI ON,
Adv an eebmintifiatien sl e isgopsliy-gngichedptabolitg fom the gory-ng sni cal Soci ety,
Vashi p@iep, D.Hradditidiié Sequédbitly die idemifisatinng of8lif0BeNsl S FEct lapgl@EINl QUES, Acadeni c
Press, %% nseE)| %ﬂ)%é thg' &ugme and function of biologically active macromolecules (e.g.,

oligomers such as proteins, nucleic acids and oligosaccharides).

[00119] Deuterium exchange methodology (see, Andersen, et al., J. Biol. Chem.

276(17):14204-11 (2001)) has been used to probe secondary and higher-order protein

structure and regions involved in ligand binding. Moieties that are exposed 10 solvent and are

not buried or hidden by bound ligands will exchange hydrogen for deuteriiim at a much faster

rate in the presence of deuterated water. Subsequent proteolysis of the protein and mass

spectral analysis of the deuterated and nondeuterated proteolytic fragments can elicit

information about which moieties are involved in specific higher-order structural elements or

i binding epitopes.

{00120} Improved methods are provided herein, in which mass defect elements are

used to label an oligomer or other macromolecule, in lien of deuterium. By using smail

molecules incorporating elemenis with mass defects that can target specific reactive groups

and analyzing fragmentation patterns of, for example, intact or proteolyzed protein samples,

information about structure or function can be obtained by searc_hing for products that are

labeled or unlabeled with the mass defect label. This information is obtained more readily

and unequivocally by the reduction of chemical noise that the mass defect label provides.
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[ 001291 Labeling can be conducted and PSTs determ ned from eithe,{ tlz@ N _or
C terminal end of the protein. About 59-90% of eukaryotic protel §s ~&Re2005
N-term nal acetylated and are thus refractory to N-term nus | abeling.
However, the natural N-acetyl group of such proteins can sonetines be used
as a |l abel for purposes of this invention, but only where one or nore of
the amno acids wthin 4 residues of the NNtermnus is ionizable (e.g., is
a |l ysi ngoozili@i ni ne, histidine, aspartic acid, or pgimsEr$el acid resi due) or
can be derivatized to be ionizable (e.g., tyrosine, serine, and cysteine

r esi duémyifically ewachiverpeitan can beexpogegitonmasgdefestiobel siehaplepming §ie N or C-ternini are
provi dﬁ,ﬁin%%s,wc%geﬁfmaiﬁﬁ&@ﬁiﬁd@@g@ﬁanmsi@aQMMMg ability for any given
protein. ce a |l abel is select eﬁ, a deco voeldut't(})“r%r al gorithm can be

modi f i differeiallydspending op deir growetaeloqi 1.6y sugtage g Laned pnd B L " hdi i ed resi dues. 30
.1 9 ARRicRREYR inNparlddinding. Ok prieih LAUSORAehBed withervatheutpriost i cs of the

Fragnment ati on ectr. !Fpoggg . 'g,p‘rm spectrum (Figure 1)
is bas?’gtg‘}]’(mf"tnﬁe um el%b%@:#?b?%eﬁn C%ﬂﬁtlﬁst%%'iﬁgt stﬁ?ﬁgya detector plate. The
time aseawlinedbr pedkparisivg fom inparpopation if brgwing e igfinedoMf-e  det ermines the mass to
char ge[oéiﬁdjz) I § dtGndtive dubBditeiR, Mlareh Hiwhith he dpfbontabels rBlgbavelet ector  plate i s
calibrated with, known ni.z ] ecu . cision-of the size
range 'E,“'B%’FBB"BV"?'H‘EMEP@?%&%%F°€b§!rhi%§§“a§§9ﬁ1r§_}"l§%cﬁgﬁemﬁ£%? of the mz val ue.
Thi s nEbesty contdiedentitewitiyarss defoess (whish arp mest bigtogipplly derivedameledal)i « h i ncreasi ng i nk
I they FRs lhﬁd?rﬂﬁ%rﬂﬁﬁtnﬁfmmrﬁﬁﬁ@@,ﬁoﬁ%ﬁmdm&&ﬁ,ﬁﬂmhgr is always positive.
Therefore, "the signal is V\%‘grg&t e&g&&%&c%ore to zero in each size
bi n. [ @¥hodipsandgraanes) polysace "TRESREIE TS pect rum of ragnmented proteins
can i nihdritéd ab He@mbiktbdial Hbyary o beyashed foyactivitypndidentifisd by BedtPora88 t r ue prot ei n
sequence,. dependi . I 956 Hydhcreadidg@itGhabibepdt t he | abel ed

pept i d%%giﬁgﬁﬁgmg%a e?%hnl{l/gigi}faaghgw @(’:ﬁg% orit hrg.o{ .tl'l'n invention. Relative
si gnal m@t%P@@Fﬁ%@?‘W‘fﬁW?ﬁ“% E’e'i‘ta%m&"b %of‘ﬂe'gwg‘g“nent i on

abund aRGeanaglathoiéentites Witih haeirsitel hirdling thapectatistios withdispand shibinse i n the nass
spectrum T fir u k hi b owaaies Of the parent

pr ot eiﬂasﬁﬁﬂﬁﬁ%"&rﬁs‘%ﬁg%' g%@%ﬁ%@éﬁ:g%ﬁét s&ggﬁ{ he | abel ed peptide

f r agneikntfydeshifsdpeakpasaseslt of hmassidefecty 7~ The charge contribution of ions
that reach the detector plate earlier may cause additional baseline drift
in the hi gher i.nk 11 ﬁnf !t Qﬁiﬂétri ke the detector later. This is observed as
an appar ent= FRE—S n the mass ‘spectrumngi ure 1). The nmultiple
char gel08s22it es Ixfcertaincembedirants, meghog of fhs inyepfionmaybe uig foF P8 o | ocal basel i ne
vari at ;985 @ phrliGilaS 22 Rni@portivh of Bh BligdMiSi. Uk @@ Bspect, the invention may

provide a method for sequencing a portion of a protein, comprising:

[00123) (@)  contacting a protein with a C-terminus or N-terminus labeling moiety
to covalently attach a label to the C- or N-terminus of the protein and form a labeled protein;
and

[00124]) (b)  analyzing the labeled protein using a mass spectrometric fragmentation
method, and

{00125} (¢) determining the sequence of at least the two C-terminus or two N-

terminus residues by algorithmic deconvolution of the labeled terminal mass ladder from
other non-terminal sequence fragments in the resulting mass spectrum.

[00126] In this aspect of the invention the protein may be obtained from essentially
any source. Preferably, the protein is isolated and purified to be free of interfering
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above about 1000 anu. This is nore clearly observed in Figure 1 at niz
positions above about 2000 armu. [00132] The second feature obseirgeﬂ,PRszg%
(Figure 2) that highly fragnenting conditions (e.g., high nozzle
potentials for in-source fragnentation) result in an increased abundance
of fragment ions at periodic mass to charge positions in the mass
spectroneter. On a nmass calibration scale of 12C defined as 12. 000000.
these pg@bMisizsr fragnments forma characteristic parceusevetopeaks spaced
about 1 anu apart. At highly efficient fragnmentatjion conditions a peak
appear @matnexie Jhé ryolmmmjelmcaamow&émﬂgﬂ ¢-peropipys or Ngegmingsibeg um The aver age

peak t B3R Y GN-Lhintd b it o boYm Wiabdledt he  parti cul ar
pr ot ellﬁ %?Eaﬁ?&gh%%?& This.is.believe fﬂﬁlg?jge duea to slight differences

in thléﬂ@é?@ﬂ?@!a“&‘bﬁwglaislwmf “of the fragnents

represented by the peaks at 31 A 9 APR 2005 WO 02/ 061661 PCTI US01/ 49491
1001331 At hﬂ?Jﬁ fragrrentl ng conditi ons virtually all the peaks in the
mass spectf"ﬁ "ay this near | attern (Figure 3). It is this
obser vigd127n thﬁ'tnleehablemntsh@ﬂm g‘ﬂ Fpdabeled OIS, | nvention. First,

since jip ?ﬁ{ ﬁfmﬁe'lﬁuﬂ Vﬁi&n@ﬁbels'ﬁhcﬂauaﬁdgt:&ﬁﬁds(@rda&adalfcublétopl e charge state
analog o asi gui sh the signal

attern

peaks mﬁﬂ‘Wﬂ“&B&"@H‘“‘l‘ePﬁQ ﬂf‘E(elghzlg""f‘"flee‘m%)efg ’f°?¥°ﬁa°§]¥rﬁéejet§’§%n I'C spacing, such as
| abel afigdntetspei@nt s wherein the | abel contains one or nore elenents with an
unusual nucl ear binding energy. Second, the periodicity allows for the
determ nation of local mnima and nmaxima in the mass spectrum such that
t he spect rishsleddotties corrected for |ocal noise, allowing for a better
det er npgigd]i ON Tk labdtigofpedidia ith pnimdageos noh ageenspemiatd each mass-to- charge
positi B t%cestoﬂ’%nﬁnlﬁﬁ’%wlq]mwmmd@:%ag%ﬁmﬂﬁgr%erma& acteristic peak

eter or

shape m ned e unwant ed spectr hi ghl y
f r agmesshiiangs useivldi nracseing theReese jneentig;aedeadiv i be f?@?fs‘b"?s‘glﬁ'ﬂt racted fromthe
rest qﬁeah.hgee mpms&ﬁam,a:tmmmmngnoﬁhmw@mm to the ranking.
al gorig and [7Rlke ggﬂ,tm%?meﬁm N HERGENE FooD IR GRp det er mi nat | on

0

producgé I nventi1.on. I's obvious to those trained
in thd’H&MACOW&lCAWREFIS |Adlvagess inddemistey; Serigsy %d?? mgReapflemias o pe found in  the
dat a HirfohYD.€.P1Y83; %&ﬁtassmnmmﬂqummdemownl ution in addition

Egnts.“' : #&%E&Y&%@P@ Y Ao, AR oS oy e Vol ShE B et
American Chemical Society, Washington, D.C., 1977; and Hermanson, BIOCONRIGATE )
TECHNIQUES, Academic Press, San Diego, 1996.

{00129] Labeling can be conducted and PSTs determined from either the N- or C-
terminal end of the protein. About 59-90% of eukaryotic proteins are N-terminal acetylated
and are thus refractory to N-terminus labeling. However, the natural N-acetyl group of such
proteins can sometimes be used as a label for purposes of this invention, but only where one
or mote of the amino acids within 4 residues of the N-terminus is ionizable (e.g., is a lysine,
arginine, histidine, aspartic acid, or glutamic acid reéidue) or can be derivatized to be
jonizable (e.g., tyrosine, serine, and cysteine residues). Accordingly, strategies to label cither
the N- or C-termini are provided to afford the greatest degree of sequencing ability for any
given protein. Oncé a label is selected, a deconvolution algorithm can be modified to search

for masses that correspond to any modified residues.
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[001351 (i) the mass of the label is preferably unique and pref ei)i
shifts the fragment nasses to regions of the spectrumw th | ow: l@}%lﬁ&ﬂﬁ
1001361 (ii) the | abel preferably contains fixed positive or negative
charges to direct renote charge fragnentation at the NN or C-term nus;
1001371 (iii) the label is preferably robust under the fragmentation
conditions and does not undergo unfavorable fragnentation; [001381 (iv)
the | akgh ingisghem stry is preferably efficient undervsisaige of

conditions, particularly denaturing conditions, thereby reproducibly and
uniformy tabeling the N or CGtermnus; [00139) (v) the |abeled protein

preferably reg@:‘%"ﬁ'@ %ém m'g,gm;ap %@uffer system of choice; and 32 L1 9
APR 2005 WO 0

{ 014%‘8‘? hg | abel preferably

i ncr easeslOVRY | Btz to fbight west sresumlieus Dispasic '@%‘Wc‘ P™at | east does not
suppr ess nntsb@ﬂ%ﬂike]a&m)ﬂafeh%elmiael wmwneﬁmktﬁkermealemtoﬂplame of two or nore
i sot opi cz;i di stinct Q.dRSS Spectronetric
pattern 'hfﬁ'ﬁséféamge ag ﬂ%%@?é’ﬁ’%ﬂlgfl 1 ['n view of the |abel
sel ectlorplm“nstwbmwlpmemolmelqmgﬂhﬁbw&@naf $%ose that have a

det ecti on, enfg hws@&ek&fbfmﬁﬂzﬁhﬂnmmamcorrponent and a
C-term nus “or tér m nus reacti ve funct | Orfl;igl}{gr OUE The reactive group can
er

be di r ectthaythe ahselute masypregisiouidegases Bith WEpasing 'z two | abel conponents.
[00143] |specbinetsitdiic i thass spabaheser imalwapsposithed Therefgraithe signabis f ur t her i ncrease

the abili tQ ggder fromother peaks in the nass
S e gl

spectrum I sot ope | abel s i s rt | gnﬁ‘lharl y suited for
further d@@@ﬂvmmﬁﬁ?@ﬁ%mw Mfice abundant

| sot ope pgiifyso 1)emk&lictfuepmieﬁbeimﬂe,ﬁ¢pagmmmerehutme mass spectrum
and the isotopes %Ei W}‘i‘?{ oGthh BkNd fragmentation
effici enélggé‘tpeﬂﬂ‘é? ?F‘hxptf *Léﬁéb bg b one or. nore nethyl or

net hyl enmmgp@lahvm@émgbwfiﬂwm%ﬂb%dm dpgmentiohn two chenical |y
di stinct amhﬁ%&kﬁﬁemab&dﬁieﬁommoﬁduﬂndwhﬂiemgsﬁnmthms to enhance the

i dentifi cat | on of th ed fr @ﬂﬂ@g iqane enbodi ment, a
singl e sd%h '11’&58‘1'% Fan Busi W { 1“18& {abel's and t he
conbi ned bgrp@ducspém Iehelest mn@rfamts Wbateﬁ?@ﬁéﬁn&fz P EaTERent

contribution of ions that reach the detector plate earlier may cause additional baseline
drift in the higher m/z ions that strike the detector later. This is observed as an apparent
baseline shift in the mass spectrum (Figure 1). The multiple charge states of the parent
protein may also contribute to local baseline variations in the same way at m/z positions
above about 1000 amu. This is more clearly observed in Figure 1 at m/z positions
above about 2000 amu.

[00132] The second feature observed is (Figure 2) that highly fragmenting
conditions (e.g., high nozzle potentials for in-source fragmentation) result inan
increased abundance of fragment jons at periodic mass to charge positions in the mass
spectrometer. On a mass calibration scale of 12C defined as 12.000000, these protein
fragments form a characteristic pattern of peaks spaced about 1 amu apast. At highly
efficient fragmentation conditions a peak appears at nearly every 1 amu spacing in the
mass spectrum. The average peak to peak spacing is observed to vary slightly with the
particular protein being fragmented. This is-believed to be due to slight differences in
the elemental composition of the protein or of the fragments represented by the peaks at

o @RACH AINE, v o s ree e i e
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duplicate sanples can be |abel ed independently and m xed in roughl y 5|‘r})nzlﬂ‘é15r
proportions prior to fragnentation on the MS. This enbodinent is preferable
because it mnimzes the possibility of signal dilution when side residues
are also | abeled. In another enbodi nent duplicate sanples are | abeled with
separate | abels, fragnented separately on the M5 and the mass spectra
added together to forma virtual dual |abeled spectrum [00144]"' In

anot her wabaddsyent the reactive functional group ircraspassated fromone or
both of the detection enhancenent -conponent -and the i on mass signature
conmpondi#t3s} by Athighlk Esgmenting cangifions yirtyally 3 tagnegks i e PASSPEHREY such that it is

chem caldiyy ik e a%ﬁqmﬁen.gr’gm 3)A1Gh thsigbkerfatidtithak énablésltibdey ef f i ci ent separati on
of the reactive group an fwo conponents of the

east qne r
tag W empds oftheeuerert invention Tt HinRHA 5%"5?' P‘f‘i‘%‘:ﬂvﬁr\b ﬂ‘fslp%%% fHe linker is conposed
of a hyinipie #aReRate malbgofaltis panensy bt ipossfblsrtadbily distifguish mslw'e‘@aqkbon chain |inked

to an het e I f Phipienteoneastdi ti onal separation
\A%g'ﬁll%"edﬁlag?n Za }e(”g?’% pgngg?aﬁgglﬂ?c%%%%?grou g%ﬁ@ APR 281 WO
S

02/ om&s@@m@smmg}eme[nemgjmma W“I“‘F’ ng one of ordinary

skill 'bg,o&,g]@amﬁs,forawwmm%neflmhydﬁﬁaﬁMmhmmssmmtwmdl fied hydrocarbon

chains may be utilize We\V/=Ta doh&f erred hydrocarbon

chai ns S I’P‘M‘i’%@‘ﬁ@ pd%{f?c ﬁmqfﬂllg mayhdb ?ound inthe fam |y of

al kanempamt&mmmofmamtwcwwmWSPW’@W“PWH@‘f Thigh 2 carbon atons to

about nggr,g&m bedeiéﬁﬁﬁw?or&eﬁﬁ\ﬁﬁeupedamﬁm ment of the
8.?{the I nker l

i nventl on et h r o, € hancenent
Conpon Bghly fragmpnting opgdits ‘Rsﬂ“é ﬁ“‘ ‘ﬁ""ﬂge éﬁg %tm%én%%?f@;s used herein,

refer Sma@s;ﬁc@ﬁrmmwmgmmmhm@m@kmmmﬂdmﬁfa@lglﬂret ates -detecti on of
the proteln Qelalgoriith 6fthe inREAr Wisngl y, the detection

enhancerrencfmcorrpo en provi de a t| veI c a d..onic species under
fragnePh"mﬁ‘eﬁ"%G’ﬂmdt‘?'Bﬁgy °t3“t'f’é%°5p°§§§$? |o%m}dl on chanber, or the

conpon@aaammﬁnﬁwhﬁaﬁaaomgaisemicydmolg@dmadﬁh@tsﬁéeﬂﬂ@s under
fragrrengtml el conditions in a mass spectroneter ionization chanber. For

many oFP*"FRE &t ecti on enhancenent conponents, the anobunt of ionized species
present will depend on the nediumused to solubilize the protein.
Preferred ggtgecti on enhancenent conponents (i.e., species that can

G 28 PO by ok e TR BBt st theaBoh ok 1 10 Lhr e

cat ego orrpone
labeling agcnt:

[00135]) 0 the mass of the label is preferably unique and preferably shifts the
fragment masses to regions of the spectrum with low background;

[00136] (i) the label preferably contains fixed positive or negative charges to
direct remote charge fragmentation at the N- or C-terminus;

[00137} (iii) the label is preferably robust under the fragmentation conditions and
does not undergo unfavorable fragmentation; :

[00138] (iv)  the labeling chemistry is preferably efficient under a range of
conditions, particularly denaturing conditions, thereby reproducibly and uniformly labeling
the N- or C-terminus;

[00139] (v)  the labeled protein preferably remains soluble in the MS buffer system

- of choice; and
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that carry "hard" charge, 2) conponents that carry "soft’ chargel,J anépﬁ)mﬂﬁ
conponents that provide no charge but are in close proximty to protein
residues that carry "soft" charge. 1001471 Conponents that carry "bard"
charge are arrangenents of atons that are substantially ionized under all
conditions, regardless of nmediumpH "Hard'" positively- charged detection
enhancenment conponents include, but are not limted to, tetraalkyl or

t et r aaryh oAdEeeNi um groups, tetraal kyl or tet raarytpcphmﬂlpshmni um groups, and
N al kyl at ed or N-acylated heterocyclyl and heteroar (e.qg., pyridinium
groups. "ldanddl apat i iellabelpreferahlydncreates thederizstioneHirisony e @‘% i ncl ude, but are

not limted to ¥‘!E?Q£ gtetraaryl borate groups. 1001481 Conponents
that carr wm fﬂtlé‘ahhééh& sarran enents of ataons ig{(at are ionized at a

pH above mﬂl‘ﬂbl ot helﬁelﬁﬂwyﬁ@gﬁé&’f%ﬁW‘(?’“@msWQ ¥ and acids). Wthin

the Conth&%éﬁﬁqubﬂw%t@ﬂcmﬁm&ﬁ itemhdabtlédve char ges incl ude
those bases with a pKa of greater than 8, preferably greater than 10, and

nmost prefé?%?';”ﬂ?"éater than 12. Wthin the context of the current
i nventi on{oofﬂpfnnwevagabiabaésmhmgwam@b@m)@@e%mg‘% th a pKa of |ess

than 4.5, ,g;zﬁgm}mﬁce SBasire Binfoipddy | ess than 1. At
t he extrerres ofpi the "soft" ¢ argﬁ‘s roach C sification as "hard"
char ges. Csminus o Nerminysspastiv Hogiope! é“%ﬁ‘ 7061661

PCT/ USA /étﬁ&:@&toeﬂﬂi@%mmmhaﬁchmmmmmponent s.include, but are not.

limted t embdChes Qlseddf @m&rlﬂé{:&g%u substituted and
unsubst i tﬁﬂa‘é] h& erocycly angﬁk‘(ﬁ eroa ﬂl& rrmr unm) groups, al kyl
or aryl S@hdehﬁfybambﬂdﬁ pealcrinsthe ’aﬁﬂsl’&i.‘fa‘m ““g‘% . "Soft"

negati vel 561 mmmwmu@mmmmt ude, but are not

limted to, aI a car g;ﬁ KdlneQassdr YI sul fonate
groups, a aﬁ"i?%//'fb“"%'? p%‘gmﬁ’l nate or ﬁasp ate groups. [00149] For
both " harwmmwmmhérmbswmﬁowﬂ fregmentaifer st ood by one of
ordinary gflidnbied, maﬁomﬁbenamﬁgwuwwhetbﬂm@mm by counterions of
opposite char e rexa Wit hi DLty Qle§. the counterions
for posi t?‘\? ﬂ@g’eﬁ%ﬁ?ﬁwﬁce cf mnr ons 0 ﬂmcwer al kyl organic

aci ds (e. @mmhaﬂwmmmﬂﬂeﬁﬁ%?‘g& labelefl fragmemt Wpss ¢ ¢ f | yor oacet ate),
and or gang,gﬂ*f &@M&mwﬂ&hmammﬁmvﬁmm@. The counterions
for negative y char ed oups i ncl f xamml e, ammoni um cati ons,

al kyl or labely "g’éﬁ’% gegﬁ%“gl‘k C%meﬁea:?% 20l f oni um cat i ons.

[ 00150] Cﬁﬂﬁﬁﬁwm@w@mnmyﬂwww#yé% proximty to protein

resi dues o o ormions prior to fragmentation on the MS. This embodiment is preferable because

it minimizes the possibility of signal dilution when side residues are also labeled. In
another embodiment duplicate samples are labeled with separate labels, fragmented
separately on the MS, and the mass spectra added together to form a virtnal dual
labeled spectrum.
[00144] In another embodiment, the reactive functional group is separated from one
or both of the detection enhancement component and the ion mass signature component
by a linker. The linker is preferably designed such that it is chemically stable and inext,
and such that it allows efficient separation of the reactive group and at least one of the
other two components of the tag  Within 2 preferred embodiment of the invention, the
linker is composed of 2 hydrocarbon chain or, most preferably, of a hydrocarbon chain

- linked to an aryl or heteroaryl ring and preferably provides additional separation

.. between the ionizable.group-and-the HRKing Groups ——— - -« = ommm o0 e e T T
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that carry "soft" charge (e g, lysine, histidine, arginine, gl uta?g ﬁ%
or aspartic acid) can be used as detection enhancenent conponent hzﬂé
case, the |l abel carries no ionized or ionizable groups, and the detection
enhancenment is provided by a nearby protein residue that carries charge.
Wthin the context of the present invention, close proximty is defined as
within about 4 residues fromthe | abeled term nus of the protein, and nore
pref er abb yoiiskNi N about 2 residues of the | abel edPCHYHHA#MY of the protein-
[ 00151] The det ecti on enhancenent conponent of the |abel may al so be

mul ti quxlslchar/gsedllwm@spvaﬂ)b)@nwfoﬁ’é’éb’ggﬁgﬂﬁﬁﬂﬁvﬂ?y?%arged For exanple, a

| abel arbE%’Jthhs‘?a @mod @ Adtovfbon BRnS Ray tERMliZedeittinhe @éset one or singly charged
speci & ! i car at € orat e %@foﬁﬂd nore nmul tiply

: ngor
char ged'elztpecﬂfﬁf@*('@’d@cafb"ﬁ %W‘é‘f‘b‘)‘“@% Ciat '%Py]mé%'{' tive exanple of this
enbOdlumafamﬁ,fofEiﬂﬁed Wﬂﬁly@re&naﬁtn&mmmmﬂmﬂlaﬁmém car boxyl ates, such

as, for exa Fuiels MdBncht b @ lov¥ord@6Tike €. 0., EDTP, DTPA)
i s at tBUHOF R’B?’égg{lvn R@‘Eﬁggg}s&of attachi ng ?)ol yamenocar boxylates to

pr otenmhanﬂlyl(gtohmr species.are well known in the art See, for exanple,

Meares et al. "Properties of In Vivo Chel ate-Tagged Proteins and

Pol ypept i des o I n, I\/DDI Fl CATI ON OF PROTEINS: FOOD, NUTRI TI ONAL, AND
PHARMACOL dlgfectier Lampae eeney, et al., Eds., American Chem cal Society,
----- \ua o ngt omae:ea.oammaawﬂcomppenmmmmﬁ%%w“é?f%? - Bi oconj ugat e
Chem -108- &: ndagmenBinGRORstgetriemddrem , 8. 249- 255
(1997)‘*‘%el mo ‘%g‘]‘%ﬁ?ﬂ%%o ol 02/0 1661 BeT USOLL 4949 # ,1,9].91521 In a simlar
nannemccmwwﬂﬂgn‘ﬁﬁ?ﬁ“b‘f“@%ﬁ‘gf‘FY% Far 1e"véwca *be pur chased or

pr eparsﬁd,emw%ﬁﬁﬁMmem@dewmpﬂWWﬂﬁethe art. For

exanple, a IabeI| NGededndBiGRbhinkGotdaiiasncan be rapidly and
easi | YOPROBFAPRF T om'%uaa%m ne

gf eth%mﬁnedl amne). In a
represmmewméﬂ%m?‘ﬁﬁfé’m?h th BRI br ot ect ed -usi ng et hods
Known cifohdd, tﬁé&noaﬂdh&ﬁmd@ed’iespmmhemﬂ daperaiion the mediievspd fos  subsequent |y

di al kyI ated WI th 5%&%{! Q&gpo% GpeRiBihdt e charges (e.g.,

(2- br SRR h&%&i Anmont um. . br om %rl chég Degrot ection using

art-r@mgtuammvnmﬁycmwé%m&mﬁ@w afeg?pgﬁ POECi es bearing at

| east n%mﬂg thg@&mm%smhcmgﬁpﬁ@)smm&ﬂ@t routes to multiply
ed | abeli

b st e e et || 1 1 o1

porti qeu14d] t heCdmpiyehts thet carpyi W’Wanmgements of atomis that are
substantially ionized under all conditions, regardless of medium pH. “Hard” positively-
charged detection enhancement components include, but are not lirhited to, tetraalkyl or
tetraaryl ammonium groups, tetraalkyl or tetraaryl phosphonium groups, and N-alkylated or
N-acylated heterocyclyl and heteroaryl (e.g., pyridinium) groups. *“Hard” negatively-charged
detection components include, but are not Limited to, tetraaikyl or tetraacyl borate gr't_mps-
[00148] Components that carry “soft” charge are arrangements of atoms that are
jonized at a pH above or below their pKa, respectively (i.e., bases and acids). Within the
context of the current invention, “soft” positive charges include those bases with a pKa of
greater than 8, preferably greater than 10, and most preferably greater than 12. Within the
context of the current invention, “soft” negative charges include those acids with a pKa of
less than 4.5, and preferably less than 2, and most preferably less than 1. At the extremes of
pKa, the “soft” charges approach classification as “hard” charges. “Soft” positively-charged _
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preferably exhibits a unique ion mass signature in nass spectronqtgrﬁpl %ﬂﬂfi
anal yses. The ion mass signature conponent includes noieties t hat”do no
efficiently ionize under conditi ons in which proteins ionize (e.g.,
aromati c carbon conpounds) as well as nolecules that readily ionize under
protein ionizing conditions to generate nultiply charged ionic species.
Both types of chem cal entities can be used to shift the ion/nmass

si gnat Yg§pkiskine amno acids and peptides attachedrysovishs | abel (after
fragnentation of the | abeled protein) in the mass spectrum As a result,
the | abel &éc@ﬁbrm&cafmdsmmd:mme,dmmao@mls&daII @ik alkui shed from

unl abel ed anj no aci ds and IfRSSed@ttern in the

resul ti ng” AL “mFm'l’P {%ﬁ&&hﬂﬁ&*\%ﬁ%ﬁﬁeg{n%%cg?mm oa?’ﬁe i on mass signature
corrponent{egnpadxmsmmwassdklthamW@"ﬁ“ﬂﬁem@dﬁ‘rﬁ&‘dﬁced during mass

spectro Oé'&“gg h@@d&é%ﬁondﬂﬁx&eﬂ@ﬁcoﬁﬁb&htshﬂ&deﬂﬁﬁﬂrdue mass for any
of the 2 ur al

am no aci ds. 1 enbodi ;the ion nass
si gnat ur enctlwisdivetiy! € 2t Broyity Bé’r%trri'ﬁtl"’rﬁht“ mwﬁw%ps{%ﬂl nucl ear bi ndi ng
ener gy di&@rﬁMh&mhMaw constituents of proteins. The nmajor
const i tue[%gglof&pﬁo(ﬁ% mgn K‘Qﬁﬁh%"g% ,meqm@m&?omag nucl ear bi ndi ng

ener gi es terns 000 nass sh{i ard, preferred el ements

wi th uni qmbnmhﬂmh@ﬂ@?wwlé%“&?‘@q‘méwémﬁ BPPIF t he periodic table
Wi th at orggee ebehipleDRiniRRous dntiolimpnts) thel courtéridub fof posiResiyt-i cul arly preferred
el ements for use as 1on NASS n f the |abel include
el ement s SHFTEeH ERPRS MCleds FATOPSS Eg%&gf&%g%@%?%ﬁ (Eu) The nost
pr ef er r edhaloghaalpnigc & (s aiflneroicessie)nd SrEap eteist @8eBnponent s are those with
atom ¢ “}E@&B&Q&Mﬁﬁ&m 3 Ihé hnttidek torthedatia)y-chiigedanalpsutuas,e particul arly

C

preferre onponent s, of the bel because l29 J WD 02/061661
PCTI US01/fergapple. ammonivm ¢3jopy ?d"ggrtaﬂl ?e |sona(<¥pes of roughly equal

proporti Qtilﬁ:nﬁﬁdatnuscl ear binding energi es that differ si gnificantly fromthe
peri odi ¢ Pﬁ ﬁgﬂoﬂ,lp&f ﬁ]k}%ﬁfﬂm#u%nﬂélwemlwidpmaﬁm in the nass
er

spectroné I enent s ar.e al so.: preferred I on
nmass si gM%'%@ﬁ%ﬁ%éW&ﬁﬂ@?? gl Q‘t'i%"lng eat est difference in
nucl ear bhﬂdhxﬁgasdaﬁafogynhimtdo@m éﬁ%%@ﬁéﬂbﬁcﬁﬁﬁgﬁent peak in the mass

Spethumf},hzg?Q?&.%ﬁ @&@dﬁh&aﬁﬁpﬁmmﬂio labels. It is
- observed at nany t srtron netal s ar merQr? referred and nost
pr ef errecPfqtqﬂyP%d“E) &Wﬁﬁ%"ﬁ‘oﬁ"‘ﬁ‘&é‘?"?ﬂ enent s. Oﬂit is readily

appar ent phanﬂubﬁaeﬁxﬁktslvhmabonmda&;duasrﬂ'ontﬁva!@bemwoammmt hese materials

can be in Og%&ﬁr IifthPabodt 3 Rlises BEnARIcRlcRBaus of th frint O the known Y and Eu
chel at es m‘f’ﬁ%ﬁ conatb(r“last tost he Irdmat)sd ut.i |.i tm\émolf F as a mass def ect

el ement (A5 Jfhe datectign enhancement component of the may also be
charged or capable of becoming multiply charged. For example, a Jabel with multiple

negative charges may incorporate one of singly charged species (e.g._ carboxylate} or it
may incorporate one or more multiply charged species (e.g., phosphate). Ina
representative example of this embodiment of the invention a species bearing multiple
carboxylates, such as, for example a polymaminocarboxylate chelating agent (e.g.,
EDTP, DTPA) is attached to the protein. Methods of attaching polyaminocarboxylates
to proteins and other species are well known in the art. See, for example, Meares et al.,
“Properties of In Vivo Chelate-Tagged Proteins and Polypeptides.” In
MODIFICATION OF PROTEINS: FOOD, NUTRITIONAL, AND
PHARMACOLOGICAL ASPECTS;” Feeney, et al., Eds., American Chemical Society,
e vf“Washington;-D;G.-—,-H82,—pp.~-3~70«38r7;~~Kasina-et-al:;-Bioconjugate--ehem:;9:—-108——r1'1’lff"---—-- e
{1998); Song et al., Bioconjugate Chem., 8: 249-255 (1997).



WO 99/32501 (July 1, 1999)), the present invention uses mass def eictg APR 200
el ements that present a mnuch greater nmass difference and thus broader
utility. For exanple, a single iodine substitution on an aryl group
creates a mass defect of 0.1033 anu nore than a 5 fold inprovenent over
that of 5 aryl F substitutions. A single | on an aryl ring (C6HA1) exhibits
a nonoi sotopic mass of 202.935777 anu. This is 192 ppmdifferent fromthe
near estywaG ([Hlyspatlon of stable isotope and het er oatoms@ampai ni ng or gani c
nol ecul e 2C] 9115p111160] 5)- at 202.974687 anu. Therefore, a single
substi [ooltsz]on Ofn aginylaakanteln dabelebaginpmtliple ivaitiveehirids pan bapurehsssd def ect. similar to

t hat of Wi b o I | d
di 2ce$‘ﬁ8’?ﬂ’ &Edﬁﬁggsme ac‘fesszl) 'ﬂ{{Pﬁi éo&Eihppm ﬁ?eﬁ?ﬁ'}%&ﬁ&?ﬁél ?/nlags o? 3891 anu

f or amgxetg@ndmgmwtnoahveshma@&M@‘ﬂb@é%&!ﬁ%ﬁdmag’ﬁﬂi‘ﬁe Bements will exhibit

a disc afninBP Ira ﬁ&éﬂ%@esﬁrﬁheﬁck@t&m&edmmﬁmﬁc&&ﬁmg Three such el enents
will e&&ﬂﬁgt a di scrgrnabl e nmss e% of 11673 now.

Al t er rigthoggingwn ia i gt end “H&Efb‘f’%‘ectegﬁ‘amﬁ’°m¥’ssub(§°§u?"I’(’)r%l (or an equi val ent
mass d,eifh%ﬁeciei [RAP bje of More paitivd chargds 6 1 d2- Efdm‘ﬁqﬂwhm@aféﬂmt‘%*“ to a total mass

of 4970 a ; c Mtﬁqubel 001561 I n anot her
hoa R sy (RO SRE G AR BB Rt

I'on mass sighature co {;] % Fq created by using
a mul tmeybmrag'eﬁ”}”aﬁéﬁn""@ﬂ% %W“f’?‘ﬂ’ﬂ’ys’gﬂ'ﬁ U&‘ﬁesl O BUP Yy i ncor porate an
el enmenbaiiaideifg SedibsHilERiapfatial tear obikilldi hgarener gy ‘or may consist sol el'y of
elements simlar in nuclear binding enérgies to that of the ITB.J or prote| n
constituents. Such charge states maybe formed with "hard" or "soft' or a
conbi nat i s ) C enisof t " charges incorporated into the |abel.

Mul ti l% syhar dfhem%fﬁsﬁ&@&p&ﬁtmo&oﬁmmwmmremmed Anmultiple
“hard ge sta ARel consists solely
of el mﬁmy%?ﬁaﬁmﬁeé%ﬁ“ﬁwﬁ%ﬂﬁﬁ%“&% %ﬁ%&’;’lgﬁl PCTI US01/ 49491
bi ndi mwwmluﬂésmwﬂ@ﬂw dopsfot efficieprly iopirg vagler sondifigng inp| ¢ " har d" char ge
state é P&&ﬁﬁ&&ﬁﬂnmﬁb%&ﬁhﬁhomnﬁﬁﬁﬁ&dﬂ | east one el enent
exhi bitin nucl e bi ndi er f er H N 0, and S
100157@"%@%11‘?‘8“&)@“‘6‘%1‘@?‘8 °(5‘g8 W%ﬁ'éﬂhg# ﬁi %Ieg%eggtpt Spuri ous nass
spect r@es@emaleamanbsmshlﬁm#yﬂmsewwyﬂfﬂlamm%i’% of unl abel ed
am no a'i\dgs [éé} eﬁ&ﬁ:ﬁoféél&ﬁleﬂﬁ@ﬁﬁ)hm&am the sanpl e and/ or
matri ¥ P n order to urther n%éi Lhe unhﬁ#enesis i the ion mass
si gnatseretsuny fAsaisesalf, the dabeled apino get “‘g‘ﬁf’té 18° PR IPPEIRES T d | abel ed fragment
peaks unfamhmmsmceaﬂdpbﬁudes:ymemfoelmhbmnﬁhwﬂl‘mgmesslsl?fb‘él“bd fragments to
regio S, hal SiBnaliYe nfpaitth hddto ABBERIOf t he | abel . For
s prer? é’ d’n%tﬁm kil E mat(;oes

exa the | rLal e
i fragment produced during mass spectrometric ﬁagmentatlon that ma%ch%c Tesidue

mass for any of the 20 natural amino acids.

[00154] In an embodiment, the jon mass signature component can be any element that
exhibits a nuclear binding energy different from the major constituents of proteins. The
major constituents of proteins are: C, H, N, O; and S. Defining nuclear binding energies in
terms of the 12C = 12,000000 mass standard, preferred elements with unique ton mass
signatures are tho'm: elements in the periodic table with atomic numbers between 17 (CD) and
77 (It). Particularly preferred elements for use as jon mass signature components of the label
include elements with atomic numbers between 35 (Br) and 63 {Eu). The most preferred
elements for use as on ass signature components are those with atomic numbers between

39 (Y) and 58 (Ce). Br and Eu are particularly preferred components of the label because
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ion greater than 100 anu and I ess than 700 anu. This may be done Ryg R 200
i ncreasing the nolecular weight of a | ow nol ecul ar wei ght | abel or b@P £

i ncreasing the nunber of charges on a high nolecular weight |abel. (001581
An alternative nethod for providing a nore unique nass signature to a

| abeling noiety is to incorporate stable isotopes in the | abel (see, for
exanple, Gygi et al., Nature Biotechnol 17: 994999 (1999)). For exanpl e,
by i ncoggiiics9 eight deuterium atons into a | aberwsiysnpi ety and | abeling
the protein with a 50:50 m xture of the_deuterqte .and nondeut er at ed

| abel , theyreshibithothtve steledsoiaps 9L reushly grval ProPortjoRs ARdameleRnbndiigc | ude the | abel are
easily,] |t finedioRBcaRl iRk the periddRpeRk patetbbeted fooprateiat t he nass

corr espon % t'o {gﬁgc speci e i th It hﬁgoqge%%]%‘g$@&hgpel and the other at
the ma s AR PP P 8%%“& S WTRYRE dédterated label with a
spaci ngn @fss Sgnafide corhponents pecafeheyeahibtthogtvaretdifferendedn nyeleas bigding er ence is nore

than about_ | anu .at t | teGn arddBechiiehined preferred
errbodiWHW’%@BWE‘%‘E‘:M&%?Aﬁg’lﬁgeéef}l?‘e%ﬁgbout 4 ut 10 amu at the

to. ab
si ngl exciiipingreporsted into, labPlaclt is AservgsiShab Ty fransition Metal e yvithig ‘geot opes of el enments
that  exbiRi el pRestedlisRdf ueRLgs Senamicghintits dritdeadidi f ferent  from C, H,
N, 0, and S is preferred.. Br and.| l@f;eqmlgg% Piheferred because the
exhi biW?%mfpﬁfeﬁﬁ‘gﬁdW‘é%ﬁ“&lba?%’a“ggﬁﬂlg’g%g%gﬂ%‘?ﬁ%gout 5650, [ 001591 Anot her
met hodlabeB s ¢helaws, dimitagto she kpowa Yani Budeltess signature to a labeling noiety is
to incorporate a m xture, of alkyl_and/or, ar S t. hons onto the | abel,
such tIResSs) themémg’wﬁmtﬁb“hbgf’}%?saﬁaésdierrfgcﬁ#elﬁ%nggs |éstlé%:'lisi |y recogni zabl e
i Nt hewOB®/3258 D@ T, U909)) it presankinveplian uses nass defest dlements it Asserk dbel ed with a

m xture of | a Lha RBidesutify! Fdr@Rinpié a singlégaiae UM group and the sane
| abel T‘ﬁggn’%&r‘f’f'%ﬂr?s a El rret& s Toni um g Lpy place of the

yl eth ni.um gr.ou
tri mtﬂbﬁﬁmﬁnmmmvnﬁﬁ!“m%dﬁ&ﬁééﬁ% a%wg‘gf}m'bg%guce.s- two fragment ion
peaks inplovediintdvd? thARES ZAF subdfudds. 00 GHGET oIS (C4B4ADKhibésach anmi no acid in
the sequence that differ b 4 any from.each other. It will be apparent. to
t hose wwwwﬁf@-%ﬁ’ﬁﬁ“‘ﬁﬁ@@ﬁ’c@%‘c ﬁmnté?n%g?\% may be derived.
React i jmbifationl§FstablOBudpo dndhetbiaitoratcantpining geepric mflecklie | abel ing noiety is a
functi agal .Qro i i reaﬁti I oS of@e t he pol yner of
i nter e@?‘?bilmfe&g’!%ﬁg%%%&?%n s,%g’%%ﬁr%tc}ts‘?ngﬁgtfo grgﬁp Is reactive with a
pr ot ei denhtz thitexilbitla@lat¥idefed simitirmothgy b, abhis n@nbessbivaessdSamd no group or

anot he g | tuent, of & t%rw?p&.- RV 154 BtaPlAsE 380 afhu fdr001611 The
reacti{% ot aidgf"fa'q bl%rou%%% e ocatgeﬂd %t any d(i)osi L]i on on the tag. For
any combination of organic hetercatoms. Two such elements will exhibit a discernable mass

defect to a total mass of 7782 amu. Three such elements will exhibit a discernable mass
defect to a totat mass of 11673 amu. Alternatively, single, double, and triple additions of I
(or an equivalent mass defect clement) can be discriminated from each other to a total mass
of 4970 amu in a mass spec with 10 ppm mass resolution.
[00156]) In another embodiment, a unique ion mass signature component may be
created by using a multiply charged label. Sucha multiply charged label may incorporate an
- element with a different nuclear binding energy or may consist solely of elements similar in
nuclear binding energies to that of the major protein constituents. Such charge states may be
formed with “hard” or “soft” or a combination of “hard” and “soft” charges incorporated into
the Iabel. Multiple “hard” charge states between 2 and 4 are preferred. A multiple “hard”

‘ .charge state of 3 is most preferred when the label consists solely of elements with nuclear
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exanple, the reactive group can be |ocated on an aryl nucl eus or-iorq £‘PR it
chain, such as an alkyl <chain, attached to an aryl nucl eus. Wen the
reactive group is attached to an alkyl, or substituted al kyl chain
tethered to an aryl nucleus, the reactive group is preferably located at a
termnal position of an al kyl chain. Reactive groups and cl asses of
reactions useful in practicing the present invention are generally those

t hat ar@oWedskssknown in the art of bioconjugate chremustiags Currently
favored cl asses of reactions are those which proceed wunder relatively mld
condi t bipdisg ehergiaaninsigrie.ut Nod, and K stimultiplebard] dgastteof Sasimpeint. i | i eu. 1001621
Par ti c 5.54« hﬁﬁ%{lﬁ}'&fc@ P iifend Rt oBRar SfiiogRickgyar y_ani no groups in

pr ot ei e N-term nus)- include, for exanple: aryl fluorides,
sul fon?ﬁ“@fﬁf‘@??dﬁ&' O,ad%nat es, . i sot hi ocyanates, i nmi doesters,

N-hydr [MM&]UCCI Rk Wity bnd@sthaALS pne@ffkﬂMhthSﬁUE;ﬁﬂﬁm massbglewamﬂrsbonat es,
carbony) 221 des . B Eidesuandt Al ik dee. andcachi gl od o kenes.

Prefer cons uen react with the carboxyl
gr oupstfmiunpuruiesemmssanmleendimmyk Tnardirdefyrthenidoressy hoeiquenesdel  particularly if
stabi | ﬁﬁmmgaﬁm&%ha{%&mamwmmmem RbdNd fapiRnepesi@r boxyl | abel i ng

approaches are expected t car boxyl (ﬂﬁal ning am.no acid residues

|
(e. g. ,FoRsHee d’c‘bp'%fﬁﬂm"g‘f’ﬁtt'%ﬁﬁg ed fpames RiTesiony 1A BIPIS t er mi nus. These
and odpbﬁhny&em of thedlatiel Foxexanpl, itlis preiessiaigt thalabd mass gsterstphre, Mar ch, ADVANCED

CRGANI C@F@ﬂ%%@n?ﬂﬁ%%ﬁ&&n%ﬁmamwrk 1985; |l ermanson,

Academ c Preéss, San D ego, 1996; and Feeney et

at, NEiecy e wpietinef Sow eyt MRight Aﬂx?ﬁ‘f?fd’é’?aﬁ'%ﬂm&ﬁ?%?fr"bﬂgé?‘f es, Vol. 198,

Arer i Chaﬁgh%ﬁmlﬁ%lglﬁm&lety, V\ashl ngton 1982. [001631 The reactive
functi 93{ yTe] Qg@u [hEY%AR 1L participate in, or
I nt erflgdggdlw t hX'p% ereactno nec gg‘z’a&r} o assg%bl e the tag. Alternatively,

a read!k%mokvnt@ﬁmw%hw@@ﬁ“’d@lﬁ edererppleg?y e fh-i ci pating in the
r eact i R Bhorbciol. 17:©8L9501909)). ForRanipld byt SR BRéOm1661 PCT/ US01/ 49491

protectin 164 e | dgrstand how to

pr ot ec?f"“'ég‘ﬁ?g“rlfq’cuﬁﬁlngf ﬂ%ﬁﬁq%pmqgﬁ%&aséagﬂmh%d%he %Qles not interfere with
a chomm%ﬁdh@bdwmﬂmmdwmﬁawm‘ém%‘E%'atlﬁ?a’%sef ul protecting

Or OUDSasil§ R6ntifibds e@Xif HtbriSs dot¥1AE B abihe idss corrBRIBRE T hédspecieROUPS | N ORGANI C

SR M M AT B avai i abl e for o
nunberdmm‘ratddhabellval)ebpaﬂggtrfﬁlaev i Tn g preftpredeshediment, g mags differeree i nus | abel i ng

more than about 1 amu at the single charge state. In the most preferred embodiment the mass

difference is from about 4 to about 10 amu at the single charge state. The incorporation of

multiple 1sotopes of elements that exhibit nuclear binding energies significantly different

from C, H, N, O, and S is preferred. Br and Eu elements are most preferred because the

exhibit two natural isotopic abundances of about 50:50.

[00159) Another method for providing a more unique mass signature to a Jabeling

moiety is to incorporate a mixture of alkyl and/or aryl substitutions onto the label, such that

the corresponding set of fragment peaks is easily recognizable in the mass spectrum. For

example, the protein can be labeled with a mixture of a label that contains a trimethyl

ammonivm group and the same label that contains a dimethylethylammonium group in place

of the trimethy] ammonium group. This labeling moiety produces two fragment ion peaks for
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group (dansyl chloride) and a C-term nus | abeling group (carbodi iLﬁigjeébeQ@@f

provided as illustrative of the invention, with references to a nore
conpl ete description of their use. The focus on these two |abeling
noieties is for clarity of illustration and does not limt the scope of

the invention. 40 A 9 APR 20ft WD 02/061661 PCT/ USOL/ 49491 1001661 Dansyl
chl ori de undergoes a nucl eophilic attack by the amnes in proteins at

al kal i Rgo @si6ear oduci ng an arorrat i ¢ sul fonam de. SBCT/B¥NHUEN| ori des,
however, depending on H, can alsore ct WI seco dary ami nes. The

aromtm@%ﬁ"ﬁ!‘ﬂ@ﬁ‘ﬂ“@?ﬁ'ﬂﬂ‘@ e‘§bé‘t:‘t"f“<f§’5'c?f)‘ihc9 e Itgil p“faf’lfj'f)el" €cence) detection

of t hepdseasicd B he Bt AekaRby suflaBmdihaticidInfay bekerigdso reacts with the c-am no
group of lysine- The pK differences between ot- and cam nes can be

exploited to nodify one of these groups preferentially to the other.
1001671 Corcponk Growpdes react with carboxyl groups to forman O acylisourea

| nter te tmh%&o?%tuemmmmp&.aﬁsaﬁﬁ%mmﬁmww on but can be

stabi l'i'Zed t hrou dit]on dr%suc;ghnh lde resulting in the
f or rratfﬁaewem“’aﬁma%ef therpalymer of et P 2 hade to react with
Pri NMrgoup Kirddeifve with }akiéin A Gie Mtcranifiuslanino/gréup, thee- temuyammmglwpe absence of good

nucl eo h| I esf“%i megddf N}P&%Qﬂﬁgﬁ%ﬂcﬁ de or other am nes), the unstable O-

acyl i X ﬂ’f"g‘ﬁr PePhe ate nay rearrange to forma stabl £ N-acyl i sourea. This
speci 48p16H4n beﬁcmemqﬂ@@lm&@ba‘%?t@taéﬁnﬁp?%%?“ therefe F€Gr boxyl ter i nus,

gl ut anpl 61edRteRE L2 bk Beaked U5 a2yl Buclefld dr off Adhaijisachfagdn aligk bodi i mi des i n

proteins at acidi 4. r bodi i Is useful for
| abel |"P@“ﬁ“ﬁé"°@°ﬁé?%"ﬁﬂé‘s Mr‘lg C% elgltg‘g?@ngm@ 3)e/ chenistry is
utili :gﬂdummdamyi;chmgMbhyarﬁmeﬂgﬁﬂ@@amwwsﬂif%@%'wa% ne is added to

the prot Qb Uf oo QRRy1 e, REdoBVelgroupd 208 ShsheB b rBgtidemefi ions. | n anot her
abel t wo- st ep process; an

exenplary 0 |nent rote eis a
ani ne%ﬁ??ﬁ@f“‘f’?‘iﬁ’éﬁ“@g‘gmq’ém‘fe el e?’ﬁered’“’?o the protein through
an N- Ipjocbmugaesdhemisni Cugkntly favosedrelasiesert eeagsipnsiarpdhops whickiprpees? of a spacer arm

attache ﬂﬁﬁ&kﬁh Rbd3@Sthited adfldRofAniE b entiRur €act i ve group,
li nker cg &%&gﬁfﬂga groﬂ%have been sel.ected. the . f| nal conpound may be

synt hdnsd byPegigdalypre istrigsithaf fprept the pimary Jquhe gOUPS Y ot andard  or gani c
chem $tdicins (ifisding @B Hl-terhinps) Gicinde; @demﬁp@tvhﬂht)ﬁ@ﬁ, sufoyhghletidess t he present

inventi aon is. PET N lod SR fested @Nicylishlttas, conpound retains the
excel PR 3‘?” i e%g%%—(’égmo phen}(/wwsl t Nl OC x‘gﬁ‘%& N the coupl i ng-

Fur t hehlprsesbonates,sabeplatidshaldpiegnd
Preferred examples of chemical constituents that react with the carboxyl groups of protems

are benzyl halides and carbodiimide, particularly if stabilized using N-hydroxysuccinimide.
Both of these carboxyl lzbeling approaches are expected to label carboxyl contammg amino
acid residues (e.g., aspartate and glutamate) along with that of the C-terminus. These and
other useful reactions are discussed in, for example, March, ADVANCED ORGANIC
CHEMISTRY, 3rd Ed., John Wiley & Sons, New York, 1985; Hermanson, BIOCONJUGATE
TECHNIQUES, Academic Press, San Diego, 1596; and Feeney et al., MODIFICATION OF
PROTEINS; Advances in Chemistry Series, Vol. 198, American Chemical Society,
Washington, D.C., 1982. .

[00163) The reactive finctional groups can be chosen such that they do not participate
in, or interfere with, the reactions necessary {o assemble the tag, Alternatively, a reactive

functional group can be protected from participating in the reaction by the presence ofa

30



anal ytical nmethods because the el ectron structure of the phenyl di BlgAPﬁ 2005

sufficiently separated fromthe quaternary amoni um group by the et hyl

|l i nker, thus allow ng the isothiocyanate to react undisturbed by the

guat er nary anmoni um group. Preparation of PETMA-PITC, C5 PETMA-PITC and

PI TC-311 are desdibed in Aebersold et A, U S. Patent No. 5,534,440, issued

July 9,1996. 41 it 9 APR 2005 WD 02/061661 PCTI USO1l 49491 [ 001691 Wth the

sel ect ihofifsicey SuUi tabl e | abeling noiety, conditiorer/fsswsmen achi ng the

| abel to an oligomer should ensure that a termnus is unifarmy | abel ed and

an .ol i gonpbectifigi@mpns sol ubl e in an appropriate Ms buffer system For

exanpl e, itions far. att | ; j houl d ensure that

the N- orﬁ%erin?oﬁcuogs@h?’ﬁg?%p% el kag%toﬁ%%mﬁﬁgﬁdg?ﬁd and that the

| abel ed pgrowpeich thatdhdetsmt infesfersiith a phpses 58 pOpACiRCEdIRISH &P er sy st ens.

Typi cal | yexmndlégﬁdséﬂ%d&éﬂgg%ﬁpsﬁs@d’,fo-l'@&dmﬂbl@rééﬁm&,mg conditions (e.g.,
u

surfactants or 8M urea). r fac s .and ea suppress M ionization
and met ho?ROYRSIN oapaw@y&s%ﬂe{;@gﬁey&a?m%%w??rg.ﬁlg?lér of the |abel ed

protei n SeeIpsle O ohskillih thakrt will Misletswid that labdlingecinigies gre fedilnpl oyed. Detect abl e
moi eti es L0047, hhnBRPHIERIRRIRL! R oGRBRG R Mermis Ro@E! N [ S | abel ed with

a noiety # en'har]ces ITs detectabili te/ in, fqor exanp] e, protein
puri fi catsrewn (dass chlose) aad p Grtermingsdabeling gropp(cygbodiimide) age oy esis). The
det ect ablifshauivEdt he FR¥ntBE willtleRRh@ ko A ynoreicompl@sdesgabion obtheoise.oscopy (e. g. ,

UWI Vis, fluorescence | ectro | Ny L. Q@%@s, -l ear magnetic

r esonancePf W%ﬁy%'ﬁgﬁ%iWﬁ?%ﬁgtcggﬁ?gn o% Faai oaé‘?tir“\l/lfgtl i sot opes, etc.
When t he derscdpeofitheinvention.ect ed by UV/Vis, it is generally desirable to
attach a chronophoric label to the protein (e.g., phenyl, napthyl, etc.).
Simlarly, for detection by fluorescence spectroscopy, a fluorophore is
preferably attached to the protein. For exanple, Quantum DyeTh is a
fluorescent Eu chel ate and 5- .

carboxy-2',4"',5 ,7" -tetrabmosul f onef | uorescei n succinimdyl ester is an
N-term nal reactive, bom ne-containing fluorophore (commercially avail able
from Research Organics, catalog #0723Q and Ml ecul ar Probes, catal og

#C- 6166, respectively). For ESR, the detectable noiety can be a free

radi cal, such as a nmoiety including a nitroxide group. Wen the protein is
detected by an NWVMR nethod, the detectable noiety can be enriched with an
NMR accessi bl e nuclei, such as fluorine, 13C, and the like. 1001711 In a
preferred enbodi nent, the detectable noiety is a fluorophore. Many

reactive fluorescent |abels are commercially available from for exanple,

t he SI GVA

40



chem cal company (Saint Louis, M), Mlecular Probes (Eugene, OR)} gR%ﬁBJ 780
systens (M nneapolis, M), Phar maci a LKB Bi ot echnol ogy (Pi scat away,
CLONTECH Laboratories, Inc. (Palo Alto, CA), Chem Genes Corp., Aldrich
Chem cal Conpany (M| waukee, W), G en Research, Inc., G@BCOBRL Life
Technol ogies, Inc. (Gaithersburg, WMD), Fluka Chem ca- Bi ochem ka Anal yti ka
(Fluka Chem e AG Buchs, Switzerland), and PE-Applied Biosystens (Foster
Gty, GhhexRisie! | as many other comercial sourcesrksoMmrd2 L.1 9 APR 2005
WO 02/ 061661 PCT/ US01/ 49491 to one of skill. Furthernore, those of skill
in thegparsh) W | barsgtelgiat z:ﬁerbni’m inolegpdilie extackehy tieppinegin patems 4tl uor ophore for -a

parti Cgi(a? e p?@ﬁ?%gi%t alngrr(]) ecsﬁlfonamnlle Slﬂﬁ)%n}{l clﬁgrglk Moﬁygldlsﬂp&n?g encOMMercially, wil

be abl necessar uor ophor e .de ‘novo or synthetically
modi fythep}lrnaamlsometylﬂmcandaarbtnme# I%W@E@é?ﬂﬂst@@n'ﬁmhh&is to arrive at the

desir %qxfujo %Ec??% Bméca;aéldctechgm hé edetibBbdhct i)alﬁyigﬁlﬁﬁcte aﬁ@a| of practical

gui dan e in the |terature for selectin propriate

f I uor onp#stswith thep-ampingygrpupioEhyting: Thep diffpeences abyAen ¢ 28¢°4 °f‘ﬁ‘8 ol | owi ng
referen Eﬁ&dtf B FonB bf thtke gﬁﬁ&mfeﬁhﬂ@%&m SPECTROSCOPY ( Mar cel Dekker,

New Yor 197 Wi.te et S A PRACTI CAL APPROA\CH
(I\/arcelpolﬁ‘@kkera'bwg?gfé @5’% ITgmH’&?qE‘N$ ﬁ k %ﬁe literature al so
i ncl udmitmmbpMkmmwmﬁmsbﬂwbeF‘P‘B‘l!zsd'ép“shl'-‘ﬂforescent and
Chro”ﬂaﬂﬁiﬁén%fﬁﬁlk‘gzr& &&%ﬁﬁém&kﬁg&ﬂe%&m%f&mxawmwmIes for choosing

reporter quenc pairs (see,, for ex | ma NDBOOK OF
FL UORHImtramybg-made WS‘W’IP@" gg&mﬂ%%%ﬁ'ﬁ“ %éifl_ﬁon (Acadeni ¢ Press,
New YQibience bOgbdd nuc]u@uieﬁ {eigt, NoydrGOROLIRMARD: BEeNSTRT IR aBFOORGANI C MOLECULES

(Acadegj,c Pr y aabee 1 Q201 gnfBs 6l 7 LR GATIGRS (Per gamon Press,
oxf or ¢ ‘?’in’ﬁiﬁgbﬁ}man uI}\IDBOCi? oF FEU&QI%FECESI\IT PROBES AND RESEARCH
CHEM MQW@M%‘G M‘“’"’E‘ﬁ'@‘é‘ﬁ‘é uiagats sndEsRapaie kTS 2| UORESCENCE AND
PH@PHmwmaﬁﬁmm&acﬁmle(dshéx Sarbodiieide Yiemisiry 8949) ; and the i ke.

Furt her ohls : deri vati zi
r gpor i éérfultforc?{)e?'u% )t(egrg'nlﬁlo ﬁ’otﬁgsﬁﬁﬁ%grbﬁdﬂmhbal hat P BRELSH tisor erivati zing

I"ecu or coval ent_ attachment via read 7y
avai | esmeznllnrefwsim@mﬁ%ﬁ%wﬁ%%B‘él”aﬁ&éﬂ“{%“’d“’ﬂ‘m ecul e. 1001731 The

di ver Sids¥inadpdeadiiond. ik dhotbér efdipRirySinbédBiens) W priolemlainie islabeledinpugat i ng fl uor ophor es

to other nolecul es .an b f@ R ¥rotdfimBaghensi ve body of
i t er YUMP PEIES ﬁ@niléefcomm'%ﬂf%g%ght}@%ggggr %‘\%atl zé&o wi th Tluorophores. See,

for emﬁm@xymmmalﬁme(wmea§thewmaﬁa@ecea%maﬁashﬂg.m%t. No. 3,996, 345;
Khanng fda. at, . U. S. Pat No. 4,351,760. Thus, it is

Synthesis
[00168) Once the reactive group, linker, and ionizable groups have been selected, the .

final compound may be synthesized by one of ordinary skill in the art utilizing standard
organic chemistry reactions. A preferred compound for use within the present invemipn is
PETMA-PITC, or an analogous agent. This compound retains the excellent characteristics of
phenylisothiocyanate in the coupling. Furthermore, the compound performs well as a label in
analytical methods because the electron structure of the phenyl ring is sufficiently separated
from the quaternary ammonium group by the ethyl linker, thus allowing the isothiocyanate to
react undisturbed by the quaternary ammonium group. Preparation of PETMA-PITC, C5
PETMA-PITC and PITC-311 are described in Aebersold et al, U.S. Patent No. 5,534,440,
issued July 9, 1996.
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well within the abilities of those of skill in the art to choose1%rﬁ$@%

exchange pair for a particular application and to conjugate the S

this pair to a probe nolecule, such as, for exanple, a small nolecul ar

bi oactive material, nucleic acid, peptide or other polynmer. 1001741 In

addition to fluorophores that are attached directly to a protein, the

fl uorophores can al so be attached by indirect neans. In an exenplary

enbodi NgBh20sdsl | 9aNd  nol ecule (e.g., biotin) is pcefvseabldy coval ently

bound to the protein. The ligand then binds to another nolecule

(e.g., J0teapt avivdihnhe selectionoifia jusgabld letieling mofelyesonditiony fopaeiedlsl e or coval ently

bound Eagel?baﬁ'oﬁ%ﬁ%rsﬁéﬂﬁlte%ﬂﬁ%&nﬁﬁsi@uﬁifoﬂﬂfﬁ&%ﬂﬁdaﬁ@ﬁ@%ﬁn&nd of the invention,
a

or an enzyne that 43 A 9 APR 2005 02/‘%316(%..ch U@%/ 49491 produces a
f 1 uor e sanaing solblinen ARPrOPYACMP R EP- 517 FRROH S PP S8 A& " conpound.  Usef ul
enzy nesato d predd Mslid ensurd tRDAE §- dr Datbrinibes of e proeseeinmiferliiytled| ases,

particul arl h hat ases terase | or oxi dases,

parti cmdm%‘g'ﬁﬁgﬁ?ﬁ%"é”s?‘.“* ﬂ“ﬁ%f"eaﬁﬁte%gﬁﬁ%@%'mﬁal e fluorescein and

i ts delabaliag willdscarriet od amienenatrive jopditiogeteigy arfaciamts ot IMEEY|  unbel | i f er one,

etC., @fnthiGHSREboRROYRs MObniAtisrtd Avhdaf thitpfovdenspitl Abmlupng or si gnal
produci ng systens that can be us

: ed U..S.. Pat.ent 4,391,904. [00175]
FI uor opydmusier efithedabelgd prgfoan ﬁ@@ﬁtﬁaﬁu'g’glﬁmﬁ% ﬁrts)hr?“]\?mal?%bete g]%'t hods of the
i nvention, include, but are not limted to fluorescein, and rhodam ne dyes.
Many sui tagl tgmb;e%rogﬁesof these conpounds are wi dely available comercially

W th subst their phenf\{rlé noj et]i S 1 wi ich Cﬁr’l be used as the
bondi ni§O¥78hct i &rrpther prefersed embedipant aprpteilg s BRI W4 PMRGr e t0 a protein.
Al t er Nalidné@lity detdclabilty BsRoaimpts ppGiiparficatios ndzepatatieh prasgsbrs kad-ani nes, havi ng an

am no group in.the.al Ld by . Bectdgssl (g, conj unction with
nmet hod%wggg’g'ﬁ'%eﬁ’eﬁ%cgﬁg%%ggﬁ%eﬁegﬁ)ﬂgg&seuch eng)@ht h%( Eno conpounds are

| - di nEVAYys Buvresromrasietpp sriseenineeAESRIonucledr grapnefic gt -“ﬁeafé al ene sul fonate and
2- p- t o)kt ity cetdtion Sradatebdiivd issipess ib. fWiatie pro@iniedetediedinr@/Visc| ude

3- phenyl| - 7-i socyanat ocounmgr | el R, Qahi@t hi ocyanat oacri di ne
and ac Tséﬂﬁ@ﬁ’b‘%{ﬁ 5%3@5%%%02‘5%%20' yilfztl%lph%%yfl)éﬁn%l e‘?tﬁ‘l@de;

benzoxae)- Silads for detotigndy Buoresgppsespraigoscoppd Tprerhple ispreferdly1 761 Usef ul

f 1 uor eSLER1 10 4R bR PbrRxddplepiiaitim ORer e fluaelecrt Bu fhkkopeisee by exciting them
in any nmanner

el ectr ﬁa‘f&ﬁ’éa”qgﬁ%@#&?&“ ‘gnge'fr(’t gi’nggci%%%t?}geﬂekg angnﬁﬁgéleét WI fAEa: Iy'? |hE: aorChi m ca
Acta 3B&tide, bB@Ip)taininguomphote (commersially #ygilable fiomBewarrh OBANES s are wel | known
to t hoaglog%ﬁ{@ Lila MidibcdidtProBés! catalb HE-61660Espexady. Bor ESR theor escent | abel s can be
det ect c(iaetecta le rﬁ())(lgt;{ E:Jnrl;ga é‘e@?adgclnly s?xcl;hoag Q %I;)l%ly\%c{u@iné ;brﬁtr&% rng)W vt

the protein is detected by an NMR method, the detectable moiety can be enriched with an

NMR accessibie nuclei, such as fluorine, B¢, and the like.

{00171} In a preferred embodiment, the detectable moiety is a fluorophore. Many

reactive fluorescent labels are commerciaily available from, for example, the SIGMA

chemical company (Saint Lonis, MO), Molecular Probes (Eugene, OR), R&D systems

(Minneapolis, MN), Pharmacia LKB Biotechnology (Piscataway, NJ), CLONTECH

Laboratorie's, Inc. (Palo Alto, CA), Chem Genes Corp., Aldrich Chemical Company

{Milwaukee, W), Glen Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaithersburg,

MD), Fluka Chemica- Biochemika Analytika (Fluka Chemie AG, Buchs, Switzerland), and

PE-Applied Biosystems (Foster City, CA), as well as many other commercial sonrces known
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wavel ength of |ight and detecting the resulting fluorescence. Thd 3 APR 2005
fluorescence can be detected visually, by nmeans of photographic film by
the use of electronic detectors such as charge coupl ed devi ces (CCDs) or
photonultipliers and the like. Simlarly, enzymatic |abels nay be detected
by providing the appropriate substrates for the enzynme and detecting the
resulting reaction product. 1001771 The fewer the processing steps between
any sepgjfhkef technique and M5 sequenci ng net hoecrausigsshest er t hat
proteins can be identified, and the_|ower the cost of proteom c research.
Typi cab oelobsill Gpthemewi thospeffskil inghe(ag il recoppizeihay fogeledi™ et at. .. 'and O Farrel)
cont airﬁ'ﬂgﬁ AR Shte fofa ShrticulbrlapptidRyekna bt leydity avail:bleret hane buffers and

ec

sodi u “sul fate, that suppress-the jonizati proteins in the
oss Sommerdliov e e SRR AR Do ge A I 2! 001661

PCTI Ot hhibrialiPapaitable fidpkaarestmminidstoatrivest thedesgeddbiomickite conponents (e. g.,
nmor phal i noal kyl sul fonate buffers and epheneral surfactants) that do not
suppré%b§'i oni zation in the-Ms. In another _enbodiment, the sanples are

di | ut qe019dlt h o ris augreetsiedl af st eidence aypdabla in ihs GRS L phuffer to provide a

vol at i . Popitk! fofophd?d fol BB Sag P ©@Inpitfiedbyahe follawignot her enbodi ment, a
buf f erSLIg‘:)t(lg agtﬁlge S comct edﬁpg&@cﬁ}é G PRBRAAOGAPRE Oor tangential flow
di al ygeferonses: Rere ef al glifls) T UPRESGENCE PRV S S Phe butl et "of the separati on

pr 0CeSi971);WHith e o HLadRESTENCEA@ANSIS: A BAETIEAdhPImopEEYYiarel D5 781 1 n sone

| nst a%%%(ork??d’?g)smﬁﬁmgk& ThithSat slsoSR RN ElerdbsPRoviding Sdistiten el ect r ophor esi s

buf f ers can’ suppress 1oni zation of the |abel.ed proteins and can generate
smal | lstyaiflypressent and chrempreeritiagled '&%&FF‘&FF@%&?&&S’“@ eesq%gnce anal ysi s.

ACCOT Ghédihg/repoiiriqlendicahais (s&, fopexanyde Bertnmn JUNDINOK SFFHUESESEENE®D 1 api dl y exchange
buf fer,syste | On Q%S%ﬁ YrlaSademitPle Q! 106 Yot hya1), desal ting col utms
(e.q. ,Spﬁ@?%qxﬁ%ﬁn%qﬁ%&go’ g&?’nﬁﬂ qu iEE)reg can b?ﬁeusgldwfor sanpl e cl ean up
and buriighs, GULEPRMPCONTEHPY FPREAMHME (Aspdepied & 8fed in 0. 1M ammoni um
bi car hpaise)apisids. IR, iNpreTdRY (Péightnn®ress, Vifond, 1872 Hapglendmal  addi ti on of

met hanol or in 0. | ahfc ARy didculbMirdtls, 0. 1% form c acid) with
mi ni nd?‘"%l‘?f%ﬁ'oﬁ%‘g%@ﬁom ![)I’I g&gs de%cr%edub%‘ﬁl\%‘yéh 1001791 The

coup! iBagpne, A993)PrivgsheimeFLYORESRFNCRINRRYOSHIORECRNCE PRSP "That the conpound
IS SUiNaRofk f025); 51t BRS Fhes) Dby Repbisiegmidubon inglrliseratire for he faster the

coupling rate the nor referr G A readQuRitigg T ates of between 2
and 1@eRPiRREsPodss andge e'lcgm'gffu Sﬂ?ﬁ?ﬂ i cul ar Im;(p?)ref erred. Sinmilarly, fast

r eact ireagtive glogs tiarcen bel addsd pragiolacyied, because exposure
[00173] The diversity and utility of chemistries available ior conjugating flucrophores
to other molecules and surfaces is exemplified by the extensive body of literature on
preparing nucleic acids derivatized with fluorophores. See, for example, Haugland (supra);
Ullman et al., U.S. Pat. No. 3,996,345; Khanna et al., U.S. Pat. No. 4,351,760. Thus, itis
well within the abilities of those of skill in the art to choose an energy exchange pair fora
particulér application and to conjugate the members of this pair to a probe molecule, such as,
for example, a small molecular bicactive material, nucleic acid, peptide or other polymer.
[00174] In addition to fluorophores that are attached directly to a protein, the
fluorophores can also be attached by indirect means. In an exemplary embodiment, a ligand
molecule (e.g., biotin) is preferably covalently bound to the protein. The ligand then binds to
another molecule (e.g., streptavidin), which is either inherently detectable or covalently

bound to a signal system, such as a fluorescent compound of the invention, or an enzyme that
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to the reaction m xture over an extended period of tinme m ght hi/(grqqngg%he
peptide bonds, or lead to inefficient and irreproducible side reactions

wi th the pol ypeptide residues, which could conplicate nass spectral
deconvol ution. (00180] In another preferred enbodi nent, one or nore of the
conponents of a protein mxture is reversibly attached to a solid support
prior to the | abel being attached to a polypeptide. Various nmaterials my
be usedy@geeRkd d supports, including, for exanpl epcT/osigmHeius resins,

menbr anes or papers. These supports nmay additi onaII gfe derivatized to

i ncor poedateea Guorsasnl gemmoEdY FREYSEATAS § 1o TURESHRRHIgIPOY 8?‘ Teavabl e groups that

may be Coffifidrest 43 tabels iRAAE) @5t Exalnpla) Hydielads, ﬁanﬁdilladge@o:(ph%) gl ycal

CH sest COoo-
bt e Bl iy, Prlbalmdtes™ = (000)
are pﬁﬁ&ldd@ﬂho@d&&eyxa@dlefdamteds rm@mu@mmm@sd@ﬂbﬁm% HGuel on TM 45 .1 9
I\A/ER 2;)605 wc“sse %%?%fﬁM%&%b%ﬁngo(%ﬁmeswmh Bur | i ngt on,

SS. ).

i've materials for the construction of these supports
i ncl ud@pbﬂan@nﬁge HiShbategt Noohp) 8P4 r ene, porous gl ass, pol yvi nylidi nefl uori de

and q@élyglalcrylﬂm@ﬁomlmtﬁ@rbhn@minabmumﬁdny&hwgﬁbodsaﬁbﬂ)rts i ncl ude, anong

ot her e t afafisee, Laursen, J. Am

Chem @8&“”“’8%‘]“885'&5“(‘%3@ k%‘ )l?o%meg?qmrpysty?%i Nghﬁ] lar to nunber (1) with

an arwbrmnfmmgmmds(as@edelmmwmmwﬂ with sphsifpgpis e Beibo:. g9 (1971)):  (3)

am no i gh @Qﬁcﬂmuﬂaym@ﬂiﬂdnﬁémﬁhomﬁ%aﬁaémﬁemoim 67 (1972)); and

(dtri‘et enet et ran ne rene (se S Lett. 36:285

(1973)f)“°f°F’l9F°d'U"sP'° - g 'E'Ebdﬁ'f’% FhET 'SS %Oaggl%ar?lﬂﬁr}o}%nrll:g%yl gl ass (see,

VACht Gfavifi anadnino E:E-Eﬁn theslpha oBBta p@s?non(mmsysy in ggpgpnction with

(Z)N(Zmogﬁé%ﬁﬁen  Jn AR RALRAY napllidfh ubsa@ouﬁgmdgen FEBS Lett. 50: 159
eact | on

1975 t hese detlvatl rts with
( phe%@?@%ﬁ%ﬁf‘ﬂ@%h‘?‘é' S4ae g’nas% |vafr93$§t§lg‘tﬁ£%gyanato gl asses

(see mmmmtomﬁmbmhsluddgdhwb?wwﬁ@l%&fw@%ﬁbﬁht s are al so

usef ul J Udl d{,,gg,lg -§-(2-baka@blyppacamhiinlienedi ani ne
pol ydlaﬁ% sﬁ§1 cry %ﬁ‘lmg;eng?& erton et at, FEBS Lett. 64: 173 (1976)),
and aMMMWeSWQ Hede (see, Cavadore et at, FEES Lett. 66: 155

( 1976)b917600 1 8ddesulIMresiknt dércbiabla mpictids icdnl be madettBuogesqe bypAciting eadi | y utilize
appropriate cheni Q g, iR Mﬂﬂ{g&tlo@ae&r&h&ﬂensol i d supports
descr i é’H&?ﬂnefé'é'gX tgtghener a?l{a nE'Ma r@l dt 3@(1 gé\@g eansof Met hods in
Enzy nehegy(sée] DEkanmionKuiune b éﬂﬁ’}i‘ff%%"l"&“ At 288 1§ &IRg 263-277 (1974).
Pref erd.gding HRRQhSabAD e GEILIbWING thEwid ddlbin the eit. UBhes, fdnexemple. of anmi nophenyl
gl ass t{ulorlgscent labels can be detected by exciting the fluorophore with the appropriate

wavelength of light and detecting the resulting fluorescence. The flnorescence can be

detected visually, by means of photographic film, by the use of electronic detectors such as

charge coupled devices (CCDs) or photomultipliers and the like. Similarly, enzymatic labels

may be detected by providing the appropriate substrates for the enzyme and detecting the

resulting reaction product.
[00177] The fewer the processing steps between any separation technique and MS

sequencing method, the faster that proteins can be identified, and the lower the cost of
proteomic research. Typical electrophoresis buffers (e.g., Hochstrasser ef al. and O’Farrel)
contain components (e.g-, tris(hydroxymethyl)aminomethane buffers and sodivm dodecyl

sulfate, that suppress the ionization of proteins in the mass spectrometer. These components



paper with EDC coupling (see, Aebersold et at, Anal. Biochem 187: 8% @%
(1990)); DITC glass filters (see, Aebersold et at, Biochem 27: % Alsséfn
(1988) and the nmenbrane pol yvinylidinefluoride (PVDF) (Immobilon P TM,

M I 1igenBi osearch, Burlington, Mass.), along with SequeNet TM chem stry
(see, Pappin et al., CURRENT RESEARCH IN PROTEIN .. CHEM STRY, Vill afranca
(ed.), pp. 191-202, Academ c Press, San Diego, 1990)). [001821 In the
practi cRoefnsidge Present invention, attachment of toeupokypeptide to the
solid support may occur by either coval ent .or non-coval ent interaction

bet weemay b esplagsd Witlvether imove velatide cowpanentsdeip orpholimalkylylpnzie B4&rsent  at t achnent of

the po%ﬁ@ﬁl%érﬂ@u&&n&%t%@hdtgl pEYRARIn RS hindiguppor  i's chosen such

that t eptide attaches to the sqlid sulgrgort b%/t non- coval ent
i nter a@!“P W@“s "Féﬂmpgiéﬁﬁll'éed“ﬁ‘h@‘F“Q%“"??‘ﬁ' A PP may be coated with

pol ybr&ﬂatoﬁomlayﬁmndmwrwmmwmmmshhﬁotw@@Miﬂar,r et al., Anal.
Bi oche

$397 1.0 Rakds seface which will
non- co‘\rﬁa?rf%rﬁfcf" %’ff cte?ﬁ.}ou%&ycﬂEQM&g&Ehz@o%@?a@g‘pt ag Se adsorptive solid
phasessataplelscmﬁﬁvallﬂlqpuﬁﬁraﬁtb%ﬁma@“owcesé%éhﬁm@°f theMS-1 9 APR 2005 WD
02/ 061661 PCTIUSO /49491 polypcptides in solution nmay be i mobilized on

synthetic polyners such as polyvinylidine difluoride (PVDF, |nmobilon,
M1 1lipore Mord Mass.) or PVDF coated with a cationic surface

(| mrolpd1e8) CD, InMnielidspores sd@ofeg., TRIBeuf Y andvrg prejentiThese supports maybe used
W th o eam%pwgﬂmﬂg'a%ﬁ% iofalil PR ;amédxbmmwpgeme sanpl es can be
prepare sequencl n @gé extraction of t‘g %{:) % %gll de directly from

pol yadrpasychireeiens gyt patepiialiy coatuse sequenceanalysis, Aegosdy Jéa *he el ectroblotting

pr oces,ﬁocaiuiemaﬂaémlo?&aeomﬁmyaichmgamﬁerpﬁkeylpmmsémbm ot her peptides which

D b : b i ncl ud
oo MBRESER dr-biaf Bl QP pHhiD oF o GALBNLRA A ;ﬁdﬁms;é??s(bgisglemre

r ecentstmple clean wnrnd bdfer paehangg %“B’@'éﬁcaﬂmgl“ﬁﬁ all ow chenmistries to
be penfebanalbitdibopad i peRttedigswilnrmdMat ®#dminimabaiiitich wpthaek s by non- coval ent,
Py Oy SR e Dol e AR 038 i o iRy | 1 adueous buf fer .

whi ch® SR ALy denatura are pressure-|oaded onto col ums
cont ajarroniyrileassietitdd bpbrt . The bound poI ypeptide is then pressure-rinsed

to refgymi ntefht Sdupling roted BB Wibdnd tnfaé keitgd dolemsureltatthd pol ypepti de ready for

| abel tt-Packard P 5168E (Nov., 1992
T R Gl g b T boun

pol ypmpﬁp@béenp@ﬂwmvl@d WMWH%HBWQW“‘F‘W% R CHT0Saf ficient for
coupl i,RQarkiaR¢ reterrdd ENMETY, fafi@eabtRRh MleBat aliy Préfeired bediltise Bpoduiee pol ypept i de and

the | ab6| : ngon mixture over an extended period of time might hydrolyze the peptide bonds, or
Tead to inefficient and irreproducible side react:ons‘wnth the polypeptide residues, which
could complicate mass spectral deconvolution. ‘
[00180] In another preferred embodiment, one or more of the components of a protein
mixture is reversibly attached to a solid support prior to the label being attached to a
polypeptide. Various materials may be used as solid supports, including, for example,
numerous resins, membranes or papers. These supports may additionally be derivatized to
incorporate a cleavable functionality. A number of cleavable groups that may be used for this

* purpose include disulfides (-S-S-), glycol (-CH[OH]}-CH[OH]-), azo (-N=N-), sulfone (-

S[=0}-), and ester (-COO-) linkages (see, Tae, Methods in Enzymology, 91:580 (1983)).

Supports which are particularly preferred include membranes such as Sequelon TM



noi ety. The physical properties of the support may be sel ected t.d %pAPRriZﬂ&S
the reaction conditions for a specific |abeling noiety. For exanple, the
strongly polar nature of the PETMA-PITC dictates coval ent attachnent of

t he pol ypeptide. Preferably, coupling with the am no groups of the

pol ypepti de occurs under basic conditions, for exanple, in the presence of
an organi ¢c base such as trinethylamne, or N-ethylnorpholine. In a
preferrggfiiepdi nent, the label is allowed to reachyusitsust he bound peptide
in the presence of 5% N et hyl norpholine in-nethanokwater (75:25 vlv).
BecausgdiligentBi@eathfanlingtos MagsO hReprisentatvenessals ff the @agetion ofcoupl'i ng base and
reacti by - ucts ca I AMaePilag solvents prior
to ren@ '}é’?fp geézuaénr?g oﬁhegglf(’iy&gk% ‘g"t’)&f{%‘%@é’x W@h%e de E?fﬂanass spectrometry.
Var i ouplyaerglerair. slnmulmdya.'mﬂ@ SW%&W%@“‘%I"%W@“ G'nci uding, for exanple,

net ha”ﬂ.’.moemﬁ{ ﬂmomemﬂ)ﬁglwiﬁéi e Bbe, IREBAN Ok OR6. SRl88TSI4N96aggLI0Ne. 100185] Less
pol ar reagents,

as-PlI T be react ed W ol ypepti des
at t ac herlysrens sepirfe rypber{ i F’é‘\"éf“é’ﬁ‘f’é"wsﬁﬁ PEBHBG o Cﬁon coval ent
i Nt er agpt $90E71));1(3) atniab Polpseysee (see] lnssenpod/ aFERSARGL: 6&&@7%@)5 #ferred, such as

hept a thv 0 I g ety A 9 APR 2009 WO
02/ 061@%%%%&%’%&@%%21}91&9& Fﬂs@?tskgé’ﬁ(abe)? ed _’DO| ypeptide is
di ssomlm@m@ﬂ¥¢ﬂg3§ﬂpq°ﬁ°§'&ﬁﬁ6 f‘"’ﬁﬁ"hﬁfﬂf‘f SEPMEHS Tol vent  cont ai ni ng 50%
t o 80% ohyatee anm{opﬁgeglmtsw Blidgen, [FEA1R6150\¥38n t he | abel i ng
reacti S condu en §g= U iR the reaction mxture is
prefer@%ﬂ} %"ﬂ‘b"r?f'?@eﬁe o %dwp’) igpat F'gmsﬁ'gh as dialysis, gel
perneahnsqﬁnwymmm?gWaM'yoth'wﬂ“‘PH'ess?sl(%é TUUfB"fl‘“P’ﬁ anot her aspect, the
pr ese%gmﬁfnﬂ& ﬂ&a%p&ed@alsﬁlsémtmnig%o&amm ng a portion of a protein
in a protein mxture B %5 Rﬁ"?' ﬁ?nﬁ r;% mpq&%gge“c%ntactl ng the protein
m xt uredanythexpmeshytenadiaming &P fi%rg“"hoiety to covalently
attac h?;i(lbwgedndhm@hﬁo@ylpwawur@dmmusavedﬂrqmd pERSgl.96:338 f orm a | abel ed
prote g%xture the C-termnus or Nterm nus |abeling noiety nay conprise
el enent havi ngman at omi c punber fquUﬂ to 77, with the

pI’OVI sl@ﬂlﬂiat s@reef erpiganesiil ip B‘EW&’“HEPH'& © PRI SHPBPH8 1 a) separ at i ng

i ndi Vicghphd Rpdpadi thedolid sepportidesdnibedpbot Gia gemeniiyMaghleidipod [ 001901( b) anal yzi ng
t he '%Pe d%a{. & fofogftziiﬁ.fa %m?)ﬁs@nﬁﬁéés%ﬁ@&inl’g%ﬁﬁlc met hod to
det er M K& He "sequence eas

'termnSﬂ N-ter m nus
resi dEeg4): m@mﬂmmad%@mgﬂﬁwwumﬁéﬁwgp P “hod further
CONPT ip&RSwith EDC coupling (see, Aebersold et al., Anal. Biochem. 187: 56-65 (1990)); DITC

glass filters (see, Aebersold et al., Biochem. 27: 6860-6367 (1988) and the membrane
polyvinylidinefluoride (PVDF) (Immobilon P TM, Milligen/Biosearch, Burlington, Mass.),
along 'with SequeNet TM chemistry (see, Pappin et al., CURRENT RESEARCH IN PROTEIN
CmMISﬁY, Villafranca J. (ed.), pp. 191-202, Academic Press, San Diego, 1990)).

[00182) In the practice of the present invention, attachment of the polypeptide to the
solid support may occur by either covalent or non-covalent interaction between the
polypeptide and solid support. For non-covalent attachment of the polypeptide to the solid
support, the solid support is chosen such that the polypeptide attaches to the solid support by
non-covalent interactions. For example, a glass fiber solid support may be coated with
polybrene, a polymeric quaternary ammonium salt (see, Tam et al., Anal. Biochem., 84:622
(1978)), to provide a solid snpport surface which will non-covalently attach the polypeptide.

Other suitable adsorptive solid phases are commercially available. For example,
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1001921(d)identifying the protein by using t he sequence of at Iéagt,ﬁ\pmoggg‘ﬁ
termnus or two N-termnus residues in conbination with a separation
coordinate of the |abeled protein and the protein term nus |ocation of the
sequence to search predicted protein sequences from a dat abase of gene
sequence data. Separation 1001931 In a preferred enbodi nent, the tagging
procedure is perforned on a mxture of proteins. Following the tagging
procedu{ obhigsstl Xt ure of proteins is submitted to pET/USEEAMAL I ON process,

whi ch preferably, allows the separation of the protein mxture into

di scr etpelyeptived in esision gyt iimabitivddon syntetjgpolfraaradythyas pelpevldieg al |y enriched in
onl y 0| ARENER 1oBloBicE MR ERE, RERKSIR: ToBVBE Goocd QAIP41 The met hods of

t he pr veh in ord to determine the sequence of a
pol ypepauocieswfwetﬂmmb'bﬂ@f)eﬁ’lﬂlé’ﬁm@H’B@B?dﬁ’é%l‘@ssc}f“Fﬁé“ﬂpﬂl?fé'm’ ®n, the pol ypeptide

i s "SUQ&h%ﬂﬁbﬁlnéx&nth%ne AlbnaReTRaRSptidd @inpleh@n pojrappeplot de i s about 80%

honogeneous, and ref b 9% r eat ous. Many net hods
wel | kSR pbY RS Eons B’B%{’H‘g ‘Pmtﬂk ?’ﬁ'c'?’ﬁmﬁe @’a pQ&g@%@%t ilized to purify

t he polaepibiitke The emnrouo@nd mssrﬂnnming tlwtlsslatmmf mlwamdﬂ aefifgnce.

Represent Quilhlk GectliM Gz 3R mbaRS fridiegh Pressure 48 A 9
APR 2088 @ﬁb%?‘}@éﬁ%%}f&%‘éﬁr%g%ﬁ/ '4'1'9493f N aglﬁlggﬁghl’on’&t ography (RP-HPLC), get
el ect r dpnedilensnd Immabilon D Miflieosm %‘Frlw $- a nunber of peptide purification

met hodsgpets®ge, %ﬂ@k&hﬂyyatﬁohﬁte&ﬁéﬁoﬂsham‘bmdem taat gllow cheistti ETHODS | N PROTEI N
SEQUENCE ANALYSl S S6valet, t he use of capillary
el ect r%ﬁ% °§ ﬁo&'p%pq'g%ﬂ cu?b?ré n@&?ﬁ@up?& B?’E%nm ntal capillary

el ect rhptmh@slnsmﬂgutﬁﬂﬁﬁ aRpPFPath, @%@@P‘Fsd’é?ﬂ“f"i‘ls Yoffers, YHRBAY y assi gned

CO- pengdinpch sumﬁnda%a&n%ts Adsiugatbddaronfoe slinfds chitainisblkBupes, titled "Protein
Separati qn Vi g

| mensianal, ; o n ed February 25,
2000. Wmﬁ% gﬁﬁ“‘? ét Fﬁ"‘?%ﬁ‘?’g"%g% i epttfgegg adrlée preferably
utili zwmmmaqummw@eed@ym%dﬁ@mwmw2?§ %t so possible to
det er nknge bRG, ﬁﬁﬁb‘éﬁd"ﬁ&n,@s Pmnmpbls;tes(xmemmg)s Briefly, in one

enbodi ent ;. an aI uti [ ] all of the
hypot hE‘P}"t‘ﬂal S lsreaclejl‘!un% rc?n nsqufOF&ngH%ﬁéxmt X observed maSs of

one of cdublﬁ:gtmmbdwmntemwM%ﬁ%ﬂfﬂseém@ﬁﬂyd\‘?l#‘“&t Protein Science
1:1083; %Qt?ln(eﬁeﬁ%%lt W@fméﬁﬁﬂdﬁ%ﬁ&@é&di&@hﬁﬁﬁt@%&flgur es of nerit
a

accordr| ow wel ch.of _them 0 thegqlragment ions in the
tandenf%g%m?ﬁéﬁﬂe?’ﬁ?#}ﬁmgt"f?éﬂypgﬁ‘tef‘ﬁg’e &‘ﬁ #’ z%?YrP"B‘ gl gorithms, the

PETMA-PITC dictates covalent attachment of the polypeptide. Preferably couphng with the
amino groups of the polypeptide occurs under basic conditions, for example, in the presence
of an organic base such as trimethylamine, or N-ethylmorpholine. In a preferred
embodiment, the Iabel is allowed to react with the bound peptide in the presence of 5% N-
ethylmorpholine in methanokwater {75:25 viv). Because of the mode of attachment, excess
of reagent, coupling base and reaction by-products can be removed by very polar washing
solvents prior to removal and sequencing of the labeled polypeptide by mass spectrometry.
Various reagents are suitable as washing solvents, mcluding, for example, methanol, water,
mixtures of methanol and water, or acetone.

[00185] Less polar reagents, such as PITC-31 1, may be reacted with polypeptides
attached to a sold support preferably by hydrophobic, non-covalent interactions. In this case,

less polar washes are preferred, such as heptane, cthviacetate, and chloroform. Following the
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sequence of pol ypeptides within the m xture may be readily determ ned.
(00197) As described above, the nethods herein are particularly useful for
identifying proteins froma healthy or diseased tissue sanple. In one
group of enbodi nents, the nmethods are applied to both a m xture of
proteins froma healthy tissue sanple and a m xture of proteins froma

di seased tissue sanple. Accordingly, the protein mxtures used in this
aspect wglydsii@r i Nvention can be obtained from essegrasiigsany source.

Met hods of isolating proteins: fromtissue sanples are well:known 1001981
W t hi nwishieg qyelesteribeled pobypepfidsis disscigtsd {rpre e plid supparthy 8108 at i zed: t er ni nal

am no soVemgonhﬁmﬁgw%%.gqfaym@sm&;&g@@&n[@geter Vari ous nass spectroneters
may be"us resent |nv§ rl"rg)@‘ﬂé‘l]'i' 8]r1 sent ati ve exanpl es incl ude,

tripl eloAg8ldr upW@‘%&@“@ﬁ@ﬁ‘PFﬁﬁ@f’ﬁ BE 67 NSt runent s (magneti ¢
t andem,FRsSs praaly Qo a phifidation cléaivoltas dialykis gel psrmeaien spray nass

spect rorret er Br‘y n@( et at, Anal. Chem 59: 2642-2647 (1987);

el ectr Hh%l ‘b‘f) c’trometers Fenn et at, Science 246: 64-71 (1989);

| aser |0tdk5$}or Dt Inginother mrpectfhe prisery ventipmsproddsee Prtkodder S39LnCieR a5 et at, Anal |

Chem Eﬁs??oté?t%gl rofeih XBire, thd Hothéll omprisirgr  Tr ansform I on Cycl otron

Reson rorreter Ext Mass.). Wthin a
pr ef erl"@@s]enboﬁﬂ“ the praieig $'08 arc'tem"RISbrNgM"{m?%g%ﬂgr (Mar i ner Tm nodel ,

PE Bi o,sua}ﬁmaleﬁ@aﬂaehametmhe(:abrlN'emmua)?fﬂl@fmlﬂnﬁ?@ﬂalabdﬁdr agnment the 49 L1 9

QPtRI r2rgpo Vﬁx&%gﬁé@%mﬁql(lmsﬁéﬂémoﬂ@rrﬂaya&lﬂpﬁﬁdt]Edi‘fd?ﬂa nal pol ypeptide, and

etector with bett t han accuracy is used to
determlmmthﬂwgsﬂeq‘a@ﬁ&‘é“hle?fﬁm Y n‘ﬁfg’s‘g%mﬂ’wf}'ﬁté’a'ﬁgﬁmﬁ%g%magnents [00199]
One of malsitful; 1 N the art will appreciate that the sequence infornmation

obt ai usin Bkl ploRS RltheProrciBixiae; 401D ned with ot her
char agﬁ‘gwstl c %ﬂﬁ%g&%ﬁgﬁ#z unpgr an%be%:;s t% %"" nmfurther reduce the
He

nunber(0§i88isi bl @)l d@ﬁlYPt‘H‘E%‘a‘ﬁF Ppteng st breferred
e”b()d'Mm&@ﬁxlmf@aﬂe@éoﬁhesﬂmrﬁmmocwmtmusm@lemt| on froma protein

sequence ] 0 LLOh&l fhelcDRpR&t eristics to identify
t he prlgqlgi \gﬁi g'J;lpg};)use ?S‘Etgpsu Ierrentbﬂl'? he cSequence dat a i ncl udes,

but i 001621 | i i edl#@%ﬁemwﬂwas‘“&fb?ﬁ%?*?% east W Ch mber and i dentity of
speci fé&uﬁ?&%ﬁ-&nﬁzﬁw@asaﬂﬁe}iﬁﬁc&hﬁﬁmmhﬁav;agaonmdnmterﬁﬂwon proteol ytic

(e.q. ryptic) r. cherm L3 (HBSSh Lolte;g ar |location, and
separ dfﬁelﬁ%p‘@%?’aﬁﬂeé’fng foé’a{: r{‘g%?ig% £ e ) S eI ect r ophor esi s
coordlsa@bﬂss,ﬁoetxnat)abasea&ﬂeﬁewemeﬁs‘aof data char acterl stic of a particular
protei n orgglass of proteins that can be conbined with information from

the PSETS 3 I?l alppe e em(l))od rtne%t, Ith%?agémg ]}lroc%d\PJ 1956%908%(1 J mlbﬁre
of proteins. Following the tagging procedure the mixture of proteins is submitted to a
separation process, which preferably, allows the separation of the protein mixture into
discrete fractions. Each fraction is preferably substantially enriched in only one labeled
protein of the protein mixture.
[00194] The methods of the present invention are utilized in order to determine the
sequence of a polypeptide. Within preferred embodiments of the invention, the polypeptide
is "substantially pure,” which means that the polypeptide is about 80% homogeneous, and
preferably about 99% or greater homO'genedus. Many methods weli known to those of
ordinary skill in the art may be utilized to purify the polypeptide prior to determining its
amino acid sequence. Representative examples include HPLC, Reverse Phase-High Pressure
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apparent to those of skill in the art. As the body of data characterl }—%2@{]5
of a particular protein becones nore conprehensive, proteins under
anal ysis can be identified using shorter protein sequence tags. [00200]
Thus, in yet another preferred enbodi ment, information regardi ng one or
nore characteristics of a protein is conbined with information froma PST
of about 4 amino acids in length, nore preferably about 3 amno acids in
I engt h, woRs&adef ef erably still, about 2 amino aci @eTivsikgiegth is used to
identify the protein. [00201] Further details concerning |abeling nethods
and  seljiqeidChrowptopephyBE-HRES), tsbelectipherpsiediompeerithe” #¥PTHow ng t hree co- pendi ng
appl icat b} ORERE At aamesbmied N by reference: (a)

uU. S. P'{"{bgnﬁ +#E%%§%ﬁﬂ’g&eﬁc?§£ee% 89/513 395, filed February 25, 2000 and
entit| WHON@FHB}?Iémﬁ%ﬂUEWéP&Yﬁ‘S)SequenC| ng;" (b) U.S. Patent Application
Seri al 0&95] Oglﬁv"—b]a%m&(}?eferédk&éuﬁﬁbﬂ‘api&‘tyeléﬁqph&@ﬂ@nmcdm tl ed "Pol ypeptide

Fi nger tin [ maitl dc) U. S

Pr ovi s 31‘“"?52{1@&"" ‘ “S'E"f%ﬁs %ﬂ%ﬁii’sa@&ﬁ%‘g’m g%%? 19, 2000, by

i nvent exmndingkkS. mte@emmmdm QW«*:-’rf’éé-I““F‘ "Prqigin Separaipgivint i t | ed " Met hods of
Sequeng 19& E&Mb@&'&pﬂoﬁ&;&%aﬁwmﬁ,k@us neoo, 020444- 000310US).  Sequenci ng

algorit 00202] One, e i men t on includes the use
of ga n@?lﬁ@matl & °“gha‘f’ﬁﬁf“?aﬁ¥l?ﬂmfp8 e esmﬁ?"eggfaﬁy{&ﬁldd%{%?tg% n sequence tag

dir ecthgﬂ;&if@mnmsmm.paetlsoa»osibleﬂcrd;gmemt@dequtfabélpe'dpepﬁdst eins. The algorithm
maybe used L9 1 QO BIGGHRR + maeaem&emdareemeabbma so 1 9 APR 2005
wo 02/ 88Y% rﬁﬂﬁ}ﬁj 49491 prote 1?1 se ence tgg of?.m ei ther term nus of
t he prwﬁmlﬁﬂweﬁﬂtﬂj‘% 'ﬁ‘kj 1”1 attached to the
term nﬂﬁn@ﬁhagmwesa@mmimei ﬂmdscngcemg@-lgwémhm@p use in the

it

al gor & %,d‘mj,ﬁ ol &h%@%ﬁé%@fﬁ% tcBund¥bch an ol i goner,
pr ef er 5B a“¥°pt?ot el pse‘g}ﬁe@t ,cocag ,eura,g; " I‘r}1 addi tion, peptides

d.
and prtbﬁmglthmy%@n%‘?ﬂs%tﬁWP ‘SW?'W S®dr azi ne, prior to
intro ﬁ@mﬁ%@naehenﬁmmmm&ne@bommﬁmﬁmm of -flight mass spectra are

prefer beca S RACHEREHr 8% t her nass
@‘ﬁg’(’ EE?%’%"L Sy stem; ;ﬁoglgma%ﬁcu 4 ST

spectr wever, ot her ,Iess accurat e mass
spect rmn@om@@brwdﬁc%@#%?@mﬂlﬁyhﬂﬁs%%f%% $PePY £ an i nternal

mass W%Qmﬁu%moﬁphw&edwl@hﬁhemhammbﬂe attached, is used

to inprove  the, accura ; rum Protein
f r agneRiRteits oM At Sﬁizt“s“g(s)mﬁ %( dng}?%e?ﬁﬁé’u&&ﬂgfé}@‘?ﬁﬁgﬁﬂS|on cell of a

t andemfiedeemipe@n borvtained from esggptiafly; any source. zlethods of isolating proteins

from tissue samples are well known.
[00198] Within the present invention, a polypeptide with a derivatized terminal amino

-—r—)

acid is sequenced by a mass spectrometer. Various mass spectrometers may be used within
the ﬁresent invention. Represcntative examples include, triple quadrapole mass
spectrometers, magnetic sector instruments (magnetic tandem mass spectrometer, JEOL,
Peabody, Mass.); ion-spray mass specirometers, Bruins et al., Anal. Chem. 59: 2642-2647
(1987); electrospray mass spectrometers, Fenn et ol., Science 246: 64-71 (}989); taser
desorption time-of-flight mass spectrometers, Karas et al., Anal. Chem. 60: 2299-2301
(1988), and a Fourier Transform Ion Cyclotron Resonance Mass Spectrometer (Extrel Corp.,
Pittsburgh, Mass.). Within a preferred embodiment, an electrospray mass spectrometer
(Mariner™ model, PE Biosystems, Foster City, California) is utilized to fragment the
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source fragnmentation in an electrospray or MALDI ionization sour eg h@g%ﬁﬁﬂ
The algorithmrequires the use of both the mass to charge position o

signal and its relative abundance. I n one enbodinent, the relative
abundance of the signal is conpared to that of inmmedi atély adjacent nass
to charge positions and used to quantify the relative probability that a
peak is present at the mass to charge position of interest. In this
enbodinﬁagy%hgp relative probabilities that a pealecrsspamsent are conpared
anong -al | conpeting sequences. |n another enbodiment the signal at each
mass t dervhiaedjempapplypeptide.ond 4 timeenfdlight detscteywith batteryfhan SYPPMBAF t 0 t hat at t he
MasS Fgcc%b:?ri dt&&?hﬁiﬁ&ﬁb%ecﬂénc@h&m HONRe: bR IReRARRGess. The |atter nethod is
descri be Urther for

rclari t,i/. It 4?2 obvi ous toatl:oggbgae{ngki lled in the art
that t K0%et hEme shakill indhesp 2t awereqiate Al S SR 'PgmtoR BV WE 2 sinilar system
for rapdisg neaoRet higveane iay basmbiasiodh ohertiractenticitof theproghundance of the
signal at the, nass char | 1 G QL M s @ACh conpeti ng
sequent ?’“P&fﬁ(&’ﬂv"ﬁ'%e% %ﬁgﬁﬁ'ﬁﬁ%ﬁst&ﬂg}dg@gﬁgﬁ%ﬁg{fn one enbodi nent of a
cunul aprefeedsabedarroicthe methridiofihe inyeationspmbings RrEtion M 4RMR | ve abundance of the
i ons  pLedhGladid OndoRRbk bihd: bR cRidriiens idte samuen dbtaie conbi ned by
product "or summmation with the. rle‘{eau}t\llem”gnqt% tgaapﬁrgg @f ions predicted. to
r esul t ismseSiiostRplemet b teayense dalp, RENER G AT PO ?.’ nthis way
S €U e NEnpbeitidg it nombkk ikl dlemincad sperific tehdues Gaicysdaneh pleRydgef r agnent at i on ef fi ci ency
and adyentditi %&m}. | pifd an bEdhérRdNt: PtietalaSSsupRBkA idchtiah, confound the

correct sequéhce " assignnent at e resi due. posi.tion in the pol ypeptide
chai n endyepprationcoadingigt €4 retPRREen “BF‘(?gg%lﬁlﬁc??g%?s'sg%ordéﬁe%ﬁ% Jus sequence

assi gnn_g&tfor_ak9faayclgiabt&nﬁdcésbaiﬂmlam®¢itbr@hssDpl’r@ﬁia&jhﬂ_ttfﬁﬂm@ef orward to subsequent
oSt U RS s e P TR iS55 AGHiLaGbu Wl 1 1 9 APR 2005 VO

02/ 061 t he true sequence. lhe overall rank for each
pOsSi bipearent tyhonef skill i e “Fh%’ﬁh"ot@?%?fﬂ?%g'ﬂ"%‘i”?“@ a PACHATRI 0,05 WO 02/ 061661
PCTI USG9 th8eb ciinpReheSive, Broteind bjder,ahalysis cak-bpideritifi¢diusing shorter protein -

sequence taps.

[00200] Thus, in yet another preferred embodiment, information regarding one or more

characteristics of a protein is combined with information from a PST of about 4 amino acids

in length, more preferably about 3 amino acids in length, more preferably still, about 2 amino

acids in length is used to identify the protein.

[00201] Furiher details concerning labeling methods and sequencing methods may be

obtained from the following three co-pending applications which are all hereby incorporated

herein by reference: (a) U.S. Patent Application Serial No, 09/513,395, filed Febmary 25,

2000 and entitled “Methods for Protein Sequencing;” (b) U.S. Patent Application Serial No.

09/513,907, filed February 25, 2000 and entitled “Polypeptide Fingerprinting and

Bioinformatics Database System;” and (c) U.S. Provisional Patent Application Serial No.
filed October 19, 2000, by inventors Luke V. Schneider and Michael P. Hall,

[ —
and entitled “Methods of Sequencing Proteins” (attorney docket no. 020444-000310US).

Sequencing algorithm _
{00202] One embodiment of the current invention includes the use of a mathematical

algorithm for determining the protein sequence tag directly from mass spectra of fragmented

labeled proteins. The algorithm may be used to determine an oligomer sequence, preferably a
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=1 i=1 where R nis the cunulative ranking given to any given sequence |

at residue length n, and pij is the relative rank assigned to the sequence
anongst its j peers at residue length i. It is apparent to those skilled

in the art that many methods can be used to assign a relative rank (p) to
each sequence | at any residue length i, consistent with conparison of the

rel ative abundances of the signals at each conpeting mass to charge

o~ compi PAEBE Dl O e’ Dossi bi L1 &1 eq at each resi dus. Lopath (1) My be

det er m nedroB¥ seapEsRedom et W@‘i“ﬁﬁg@?el?ﬂtﬁi"?%g@qi“qr tﬁ‘? %““E@? l ?Sgglt Qr: (- 1\'/?3& .”g%/ i gﬁ of

Ej 2 |ms; ) rsrft hfaghgbd fenacidn oitiegerhiys baingselpencad SThg sgthgvasspectrforne assu med or

tra, Ge 91{1[91?%%’ tlegxtoXuch b %ﬁ 1'P£§ ép&ﬂome%l’ﬁmhﬁzﬁ aft Sigodier mal  (Gaussi an)

p_robabllliy Rud )utTon or ?é) og . normal (Poisson) probabilit

di st ri but preferablysansetein prpeptiges ean P%Tfa&I”P‘g'\‘éi' F“aﬁ‘fﬁ‘“?“dep'é’ﬁsc‘ﬁgg’é‘&ﬁ%nce will Y vary

bet ween Om, paktially Bigesied TP hsBwith ‘hydrdzine. Prid@itd iRfodpitiominiN@RN®ISS | t) where; 19, L ai

) ~a] 1speclr$> . ter.I Tig:c-%‘ptggh%masls qu&:% glie plefeﬁed bkchuse of their improved
mass accuracy over other mass spectrometer detection systems. However, other less
accuraie mass spectrometer detection systems may be used, particularly if an intérnal
mass standard, such as fragmented label with no peptide attached, is used to improve
the mass accuracy of the resulting mass spectrum. Protein fragmentation may be
conducted either by CID in the collision ceil of a tandem mass spectrometer or by in-
source fragmentation in an electrospray or MALDI jonization source.
'[00203] The algorithm requires the use of both the mass to charge position of a
signal and its relative abundance. In one embodiment, the relative abundance of the
signal is compared to that of immediately adjacent mass to charge positions and used to
quantify the relative probability that a peak is present at the mass to charge position of
interest. In this embodiment, the relative probabilities that a peak is present are
compared among all competing sequences. In another embodiment the signal at each
mass to charge position of interest is direcily compared to that at the mass to charge
positions of all competing sequences. The latter method is described further for clarity.
1t is obvious to those skilled in the art that this method may be adapted in many ways to
provide a similar system for ranking competing sequences based on the relative
abundance of the signal at thé mass to charge positions correlated with each competing
sequence. ' '
[00204] The algorithm further consists in one embodiment of a cumulative sequence
fanking system, in which the relative abundance of the jons predicted to result from
each possible sequence are combined by product or summation with the relative
abundances of ions predicted to result from subsequent residues (Equation 1). In this
way sequence-specific diﬁ‘erence.;. in the ionization or fragmentation efficiency and
adventitious matrix or overlapping noise peaks that confound the correct sequence
assignment at each residue position in the polypeptide chain may be eliminated. The
probability of an erroneous sequence assignment at any given residue position
propagating forward to subsequent residue positions is lower than that associated with
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G,JJ i | 19 =2(4) ail1l9 -1) (00205) One of skill in the art { IA
appreciate that the signal (G ) corresponding to any sequencevq PR 2005
containing i am no acid residues may be determ ned by any net hod which
relates this signal back to the relative signal abundance in the mass
spectrum Collision induced fragnentation in the mass spectroneter may
result in the production of nore than one type of ion. CID nethods in a

tandenHﬂB ectroneter comonly result in a, b, pemgsorsosdion types fromthe
N—ternlnus ah , and z ions fromthe C—tengi us..ln addition, the
| abel ante mGrSQCH?“PP é’h‘?wemlé@ﬂ‘bfm'reé@lp&ﬁﬁ'@? SHESPeD ST AT "'g‘S‘Fé " charges that may

lead to t production of. |abeled peptide fragnments at nore than one mass
to charge position in the spectrum 53 1 9 APR 2u 5 WD 02/ 061661

PCT/ US01/ 49491 dependi ng on the nunber of such "soft' charges. In a
variation of the nethod, the signals associated with each ion type and
possi bl e charge state nmay be conbined to produce a cumnulative signa
associated with any given sequence j: nmax max ch arge ion states types c
o= E Eei,j.k.l (5 k=mn 1=1 charge states where c is determ ned by
calculating the (mz) of the each ion type (1) and charge state (k) and

| ooki ng up the corresponding counts (ci j,k,I) in the nmass spectral data.
ci,j,k,I = LOOKUP[m/z)kj kJ ] (6) [002061 The nass to charge ratio
calculation for any residue length i, sequence j,
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charge state k, and ion type 1, is to be determned fromthe stof (ghll%@l@?@g
and possi ble charge states of the ami no acids and any attached | abe
t he sequence by methods previously described. 100207) A nunber of
vari ations can be nmade to the basic sequencing nmethod described- For
exanple, in a preferred enbodi nent, the nunber of charge states and ion
types that are used for determ nation of the total signal associated with
any gi vgp.SReeence may be restricted to particul acresthe®es enpirical Iy
found to be nost often associated with the fragnentation nmethod. C D
fragmentation in atand mass fspect r anet er ferentially yields b ions
and y ions in the nBsit und’én band ¢ and x |§ns in the | east abundance.

- SOUL Q%fl;% ]:ﬁ]urgtﬁndg v@rﬂHEH}ngQasﬂt@ﬂc@;ﬂ%ﬁluﬁengﬁm,aﬁmd y ions in
SI gni fY cantabundance. ese 'cases, the al orlthm may be preferentially
adapt efj; ts(fllel'egmwmkassmtodh#SQMG“CGPm@SSt)&SJPWt?S‘g gth i1 abundance al so
appears to dimn r r of peptide
fragneﬁ??@e“fﬁ‘}l?f?tshﬁ%l'ﬁg%a a?m ou?lédé'g ragﬁg%ag&?‘g%@fiﬂﬁghenomnon may al so
be sequwhequee@eetlaﬁxrcsldmtehgﬂar@miﬁen@ﬂﬁr‘ie}"@f‘wwﬂl‘erﬁF‘l‘B’B"soft" charge species

haV| ”gabfi‘n QL&QWM L;Hﬁﬁkt'eﬁkﬂ@&inﬂéﬁngrrra@tt@dh&g@,g;slaorqhaﬁ;g@ whan ot her amines (e.g.,
ne or dine resjdues ortj another variation the mass to charge

p05| tlmfwﬁm‘éﬁquﬁ FIREEE £IGPPRArge st at es may be i gnor ed
on a Wem@mwdembﬁammgmmlmsn@ atm@c-ﬂ%man@u gnal associ ated

W th ar} is ToeThad, ?ankm (% %Jss: ﬂaséﬁ%ﬁ'a@-ﬁshﬁﬂdoﬂ’ﬂdﬁl&dsﬂt@ | abel s (both isotopic
and nohi so"f opl c@% can

i ncor orat ed QR&I\ ﬁ %llt hm usi ng a dual
sequembnglltamb)’é@hsud?ﬁ@ﬁf’@‘“’éﬁﬁ%&ﬂ" ‘Hg'ls'f' Pesi due tabl es, one
for e%h,.,h n)lpyBabilfyidisnttition] sibtathaetle repSvechank & caclbrqueseepinci ng 54 1 9 APR
2005 WO 06 66‘111 PCT/ 1/ 49491 algorithmis then applied using each

resi du@™t tB’Fe" |ndepen y such that the counts associated wth the
first |abel (ci ,j , k IIJ are g,@f‘ﬁ] }L‘ued i ndependently fromthose of a second

| abel (di, ,k,I) Z)Ij,k &, ell](7) di,1, k| =
LOOKUPL( M z) i akI I Label 2j (8) 100209 t he equations 1-6 apply to both c
and d, and we ¥¥fidefine: F Did -D; 1 (9 1

191

3G

Ci=t €)
19*
and

@)

{00205} One of skill in the art will appreciate that the signal (C; ;) corresponding to

any sequence j containing i amino acid residues may be determined by any method which
relates this signal back to the relative signal abundance in the mass spectrum. Collision
induced fragmentation in the mass spectrometer may result in the production of more than
one type of fon. CID methods in a tandem mass spectrometer commonly resultina, b, and ¢
jon types from the N-terminus and X, ¥, and z jons from the C-terminus. In addition, the label
and certain amino acid residues may contain *soft” charges that may lead to the production of

labeled pepnde fragments at more than one mass to charge posmon in the spectrum
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=NCRNDISITj 91 6 19iL t I EDkj (10) =l D 19i i (1912 19" | =1 Y a .
EID.) 19° (11) a =i (9 -1 Max max chargeion states types Di.j = éEﬁﬁiéﬁ%
(12) k=m n 1=1 charge states [00210) By nultiplying the relative ’
plr)obabl lity of each sequence j obtained with each |abel, we can then
_o:tla: zla conposite ranking for the sequence. R ,n= 11(pigi~ or E(k'igi) (9)
WO 02/061661 PCT/US01/49491
'dapending on the number of such “soft” (_:hargés. In a variation of the method, the signals '
associated with each ion type and possible charge state may be combined to produce a
cumulative signal associated with any given sequence i

max ~max
chargeion
states types

Cij= L  Z€ijki (5)
=min 1=1
charge
states

where ¢ is determined by calculating the (m/z) of the each ion type () and charge state (k)
and looking up the corresponding counts {¢j j k1) in the mass spectral data.
i1 = LOOKUPfm /2); 5 J] (6)
[00206} The mass to charge ratio calculation for any residue length i, sequence I3
charge state k, and ion type 1, is to be determined from the stoichiometry and possible charge
states of the amino acids and any attached labels in the sequence by methods previously
described. .
[00207] A number of variations can be made to the basic sequencing method
described. For example, in a preferred embodiment, the number of charge states and jon
types that are nsed for determination of the total signal associated with any given sequence
may be restricted to particular subsets empirically found to be most often associated with the
fragmentation method. CID fragmentation in a tandem mass spectrometer preferentially
yields b ions and y ions in the most abundance and ¢ and x ions in the least abundance. In
source fragmentation is found to yield only a, b, and y ions in significant abundance. In these
cases, the algorithm may be preferentially adapted to ignore c and X ions or ¢, x, and z ions.
1on abundance also appears to diminish for the higher possible charge states of peptide
fragments in both CID and in source fragmentation. This phenomenon may also be sequence
specific with arginine and other imino “soft” charge species having a higher likelihood of
retaining a charge than other amines (¢.g., lysine or histidine residues). In another variation
the mass to charge positions associated with higher numbers of charge states may be ignored
_ on a sequence specific basis when determining the total signal associated with any sequence
j-
[60208] In a variation, multiple labels (both isotopic and nonisotopic) can be
incorporated into the algorithm using a dual sequencing approach. In this apprbach we define

two residue tables, one for each label type (an any labeled residues). The sequencing




[00211) This variation can be readily extended to nore than One];ﬁg/ﬁ’ | t
is obvious that mass spectroneter files used in this nmultiple | if%dﬁ%
approach can be created by sinmultaneous fragnentation of a protein sanple
containing a known m xture of two or nore |abels. It is equally obvious
that mass spectroneter data from separate single |abel protein

fragnent ati ons can be added together to create a virtual nmultiple |abel
mass sp‘%g{,‘g{{@} er file for analysis by this nethedrwsomisst obvi ous to those
skilled ' rn the art that this variation can be used with any type of

mul t i piigrithaiethénnagplisd wsing eagh wsidue &l frdgpendsmly sudh thebihe S¥HS WO 02/ 061661

1" CTHUSe éﬁﬁ %ef[xé?%%@'klﬂ‘ar@d%&m&ﬁirﬂé dektly@dmanvkeadh peott, for isotopic

| abel s, erther natural 1"50topic abundances or with multiple |abels of
knomn_,lmel(a;‘ﬂky)e i sot opi ¢ abundances, the algorithmmay be adapted to
qualify or rank the peaks pf .conpeti A9 sequences by their conformance to
the expected abyjdanicrK (ntltﬂg,,khlagg"gpi'c seri €8. - For exanple, where two
isotopically distinct. |abels-are enpl-oyed of a-known relative abundance,

p, the mass to charge ratip of egch 1isequence can be determ ned for both

| abel i sotopes, &ha E(G'rﬁ%?i,jnaug@qm val ue$®) deternined fromthe mass
spectral data, and a rank or probability of match to the expected

abund 9%@9](p) AR e Eqkhtieast-6 pPY Bhdth c e d, axawpinalefirene such way this can be
achieved I's to take a sinpleg,.case yhere . a | abel has been utilized that has
two isotopic forrrs.t_w]é wpyif) mass/chargg units and have relative
abundances p, and $Z A Tan |ng-i'a?° ctior, a, can be constructed as-a transform
of nmass fragnent count daltgia (raw or transforned) fromtwo isotopic nmass
fragments such that, a= | sp{|CdPi/130 c21= [Cl(p2/pl) + C]} [I] (00214]
where a, ptand p2 are aﬁ,__glgfi ned above, and fgf two isotopic peaks 1002151
C, = the count data, raw oristransformed, for isotopic peak 1 1002161 C2 =
the count data, raw or transfplrégnea? for isotopic peak 2 [00217) The ranking

factor, a, yields a high rank t he counts of each . mass fragnent pair
have a ratio of counts L2 =t hdt cl osely matches the ratio of natural
abundances for the ib30t Jchogen, i.e. PI/P2. The ranking factor (Cr)

. label2 . .

yields a |l ow or pewr "+ € nmass frag‘r‘r’ént count ratio differs
markedly fromthe rati ol of e Vel ative abundances for the two isotopic
mass fragnments. Therefor® && the raw count ratio of the isotopic pair
approaches the ratio of sia%tybesot opi ¢ abundanc?zs), t he i sotope ranking

factor, a Dij= L Zdjju (
. k=min =1
. charge
states ] ) )

[00210] By multiplying the relative probability of each sequence j obtained with each
label, we can then obtain a composite ranking for the sequence. : — C e

n n

Rin= _nI(PiQi) or E](Pl %) %

= = . .

[00211] This variation can be readily extended to more than one label. Itis obvious

that mass spectrometer files used in this multiple labeling approach can be created by
simultaneous fragrmentation of a protein sample containing a known mixiure of two or more
labels. It is equally obvious that mass spectrometer data from separate single label protein
fragmentations can be added together to create a virtual multiple label mass spectrometer file
for analysis by this method. It is obvious to those skilled in the art that this variation can be

used with any type of multiple labeling strateg_ies {supra).



approaches the value of 1. The nore the count ratio differs, theyl
rank becones until a reaches zero CI/C2 4 [3/[i2, a-> 1 and asigW&%ﬂﬁ
0, a40 [2] [3] (00218] In a typical application of the isotope-ranking
factor, the difference in mass/charge units and the relative abundance of
each isotope is determ ned. The rel ative abundance data of each isotope
are incorporated into [I]. The isotope ranking algorithm56 1 0 APR 2005 WD
02/ 0616@%,05&]'46}1801/ 49491 passes through the nass repastiagdr count data (raw
or transfornmed) and evaluates the count size of each nmass position relative
to the[@oizpt Sikxsothér prefegredrabodiment far seippiglabelecitbar BHUR! F8ORIRI t s away and

assi gng, dqf, !Hitﬂ%nufn Iabegsdfﬁmﬁtelmmwca@ma&s,@fe alebi@brp@by . The ranki ng
factor T8 then multiplie

_ by the counts o}) Elhe %ss fralgmant to which it
has bdesapieskio quakifyl orsprk the PRkt CBTRSENBSHIPTES PE T GHITBH{HAt has been ranked
or. scaleg::asMtancd bf theavtopR lsdricd. IFer exanbpilowlike tvigotopiaatyt digiatta match the rati o of
the isotopi c abundances of .th t WO, 1,50 e T It i's a reduction in
count s 1afs Bremployedphs kngyn ﬁ[? Veﬁgu\?deaméehﬁ’ithée(‘ﬂ'{a%g‘l’ %mg?rrgﬁoc(ﬁga\%ﬁi l e those that do
r et ai N sdiiénbe darf befdiottrmitied foototit libel isotopouthe corespanding cphet viles ef fect is a relative
increase in si - 1.0- NO1,S8, ff 2 MEIKSothBBY o 1RV ttthé@peRE Ng | SOt ope peak
downst P€4 m%dzéughqgé%ﬂtsgsg%th%ﬁasases ﬁ?oug the data. [00219] For exanple,
Fi gur e atindines ) detbrminehappens when the isotope ranking algorithmis

i mpl e”?ﬁ)&ﬂii ON pPakandlOble 8fh @8y this eMbesckiangisen tentaphicagwhewo i sot opes of  an
el ement that differ appr.oxi nat el HQHS / Wihe, and having
rel ati 9@“‘%8??83?\"%%“’5?‘%& éoplﬁe%"r%i'ééuéhua in%%gﬁa?%v% counts near 213
mass/ ¢ hak ghtivebindana peand b. Acaking faderm kande sesgiupledss atpsforsecur s 2 nasst char ge

units up icn Sc§un'r'ﬂaitat(§w of trdisforkB #BR o isctdpR ma QGG BRAMa? 15 mass/ char ge
units. ererore the 1sotope-ranking factor adjusts the count value of the

peak at 213 by a small am)u&k Sh% reflects t close fit in response

bet ween t he PelCrbar BRI 54d | contrast, the peak near 214 does not
have a matching isotopic peak |ocated 2 mass/charge units downstream t hat

i S equmlozi4n  Couat 8, fad Pi axot difined aderradfeciery isoppieperkty count val ue of the

peak Okt IS = 08 b dtataoEr chhsiRSed] BAtodpl phat@ peak near 216.
Conseq o y, the 1Tsotopic ranki ngmf afct,or is gal |

j00216] C, = the count data, raw or transfo ed, for lsotpplc peﬂi

[00217) The ranking factor, o, yields a high rank when the counts of each mass

fragment pair have a ratio of counts (C\/C;) that closely matches the ratio of natural

abundances for the isotopes chosen, i.e. By/B2. The ranking factor (o) yields a low or poor

rank when the mass fragment count ratio differs markedly from the ratio of the relative

abundanées for the two isotopic mass fragments. Therefore, as the raw count ratio of the
ié.otopic pair approaches the ratio of the isotopic abundarces, the isotope ranking factor, o
approaches the value of 1. The more the count ratio differs, the lower the rank becomes until

o reaches zero.
C|/C1 > BIIBZ: a>1 _ [2]
and as CorC; 2> 0, a=>90 3]
{00218] In a typical application of the isotope-ranking factor, the difference in

mass/charge units and the relative abundance of each isotope is determined. The relative

abundance data of each isotope are incorporated into [1). The isotope ranking algorithm
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to reflect the disparity in count sizes, and the peak at 214 gef; Ee%ajl %j!_
down in size by a quantitative anount reflective of that differen 1]
Processing an isotopic data file with the isotopic ranking algorithm
results in data that has been artificially transforned to yield a higher
signal -to-noise ratio for the isotopic mass fragnents of interest Spectral
noi se reduction prior to sequencing [00220] The ability of the sequencing
met hod‘f] ﬁ;@ﬁ; rmne the true sequence depends onpdriuson@kati ve signal
strengt e | abel ed peptide fragments conpared to other confounding
?Ol)sehl n %ag&tﬁaffgamsﬁgﬁkmj coﬂ'ﬁtﬂﬁam:ge?)mﬁmmnmddat@iheat IeasEI t wo partsd
1) the o set rom basel.i n r ce ragrrente protein an
det ect or T8 ofEAe {n‘f’ac,sﬁ@rs'ﬁ elf‘%ﬁ%%écoms'eo;?%gy@smw and (2) internal

sci ssi on mdsyagpEmitsavaiakt aaigmaamk &) t%@dwm%mqf&qp{% gures 2 and 3),

particul apl v ahe AR R then mEREIE B thcobriAd IR Hhd Fh@RnQOREiit RAS. - Si nce "noi se”
i n-a mss spectgrumls always positive, in a eferr d ariation of the

met hod 5 7beom aspigngirndossy "WU&“PG@T&%"FW‘FW sfal e reduction
appr oac hes hs@iellxfc @IVE Oy Edintidata matohttierasi df e isotogic @mdhnc@srofthhese "noi se"

conponents from the spectr f ing algorithm In
anot her AFT'YET Llﬂmmsv\ﬁ mdjmmopg'rc'?'lfng )ﬁlap& %%g% the nethod is

coupl ed tmwhwmmtdmmmﬂhwfwﬂbﬁl@éﬁo“g'd'ﬁﬁ dhe st 58, the Fourier and

other ti rifﬁat{v@ﬁal:a\!@ﬂsu RO foi e X hhIERNInGRISE S@Ype pak SO be enpl oyed to
reduce the "noi se" tter in th 8BS spectrumoprior to appl yi ng the

sequenci fVHEIrGEF m‘f"@lﬁ?ﬁmf' Ohé*Enbodi ment, autoscal ing can be used to
hel p el i mommge Rohamhasé’igumeshothmh@mwhebﬁﬂss‘ﬁpﬂt@kl“ﬁe noi se. I n another

embodi ment .ﬁ.F ﬁ,gm@aeoleamm&mﬁgm@wﬁmeﬁl through the
devel oprrer%t 0

econvol uti op ker S gg h is described below
Many ot hep elemeg} that differy approximpte &;%52 ek 1"1‘1 e eV| dént to those skilled in
the art. abul:@ﬁ&ﬂ:hﬂngﬂl?eqlﬁl Thoram caunts ssen?td massisharge upitgdavedpect r omet er whi ch

may be u %@m tmtwﬁsya&y%&eﬁﬁ&hpﬂmfm&h@ WeR@ENt invention. The
mass Sspec I'x) ter-i1nc

udes a, gi.ves a protein sanple
and whi cfhatgepspiea 2i}ygas ?‘B%?‘]‘Fss@ﬁ‘ﬁﬂ%?a‘{eymmé@“gg 5‘@"& nozzl e 13A. The ions
in the Smbnﬂtmueoanaqeikalmeﬁawimmtmheeﬂmmmf;ﬂkl and the skinmer 13B.
Gas strea J.L%.Bﬂ liﬁeonaﬂ inBpaRbkacA4 @k hdt Si on i nduced
“g%on in ¢ n‘&pﬁs 3 ki 202 .

di ssoci at 0.t her create charged fragments fromthe
t er mi nal hﬁ?@ﬁﬂ%ﬁsg‘mlctp%“ﬁf"ﬁ?e‘?ﬁ"‘ﬁ‘ﬁé? @&aSW%g‘ t“‘?ﬁé’ capillary 11. Wth
| N- SOUT C Qounts & MEBIBpiibunitance] ITes@w cdvargluelof the peak near 214 is nearly
four times that of the peak near 216. Conseguently, the isotopic ranking factor is small
to reflect the disparity in count sizes, and the peak at 214 gets scated down in size by a
quantitative amount reflective of that difference. Processing an isotopic data file with -
the isotopic ranking algorithm results in data that has been artificially transformed to
yield a higher signal-to-noise ratio for the isotopic mass fragments of interest.
Spectral noise reduction prior to sequencing
{00220] The ability of the sequencing method to determine the true sequence
depends on the relative signal strength of the labeled peptide fragments compared to
other confounding noise in the mass spectrum. This noise is composed of at least two
parts: (1) the offset from baseline produced by residual unfragmented protein and
detector noise multicharged ion fragments (Figure 1) and (2} internal scission
fragments that appear at each mass position (Figures 2 and 3), particuiarly at more
e e me--gieTgetic fragmentation conditions:-Since "noise™ ira mass spectrum is-always—

positive, in a preferred variation of the method
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fragments exit the skinmmer 13B and are directed through two cha{)%e %Iat es
15A and 15B which direct the protein fragnents toward a detect p’ﬁﬁé’%ﬁ&
An optional quadrupole 14 may be used as is well known in the prior art to
trap certain ion types and then cause dissociation with a gas stream 14A
The mass spectronmeter 10 is typically coupled to a data processing system
whi ch processes the data sanpl e obtained by the detector plate 16. 1002231
Fi gur e o shiRiver an exanpl e of a data processing systeusei/@8omhi ch is coupl ed
to a mass spectroneter 101 through a network 105, which may be the Internet
or a |wéatedmtieapprardeswibe smpltyedts ramevesitia prioth of Besg[ ™% 'ea net wor k. The nass

spect rc%ﬂFJn@Jmfﬂo%é ISR SorPapplcies BE feQlendtlzalg6rithh. Mbiotlr- pr ovi des dat a
representing the nsgésés spect rpp' etVPJcF?igﬁtq{faC . device 103 which
S

umto the. n
is coUﬁﬁ‘é'ﬁ"’tWBic'Eﬁé’“ﬁé‘t‘me%g‘m“‘?ﬁi“?n’a‘é‘f RS RO PEEY hr ough t he
net Worde phisell Ginpia aditibh) e Eadiet dnd othe tinoreohvtddecangolttive teplmiawts iy | nt er f ace 107 of
t he data, processi : knel Nt erface 107
isg b? tf%?psoy%g? rg@u?% tﬁ%’ '%L@emclgrge in tIleQnaE&BtQhwﬁ ﬁ;l-ﬁyr X %%;W‘?r[g e

provi dt he"main nenory | | 0 o the mass nenory 119
t hr ougkmuersiag B9, The microprocessor 113 then perforns various

procesgizpg et il erkemBdtinidni, Sutddénling casbeGledashelphtimiasionetsding net hods descri bed
by the present inventian. The processin e be a typical
corrput%‘?"’%‘&‘l‘g’f"é"i‘ht% ‘%gnﬂm rﬁﬁ&%"é%ﬁ%f%i%?@ﬁﬁ%491 as a gener al
pur posie: sighd itkambh the doclrpmen of aslpeneintion kemels Fhig spatopsp isslesBredrmed processi ng
syst e%lowqdltﬁig oRECHdideRadchih aplRsht s MGe Eviddmld RS sifed fitletagtr i Ng t he nass
spectrum data and determ n‘laélgefa se u_ancngfé&ng& at data. Note that while
Fi gur 4008221 | | ySHiPERSSBowF 2P £5 (S‘rﬂ?ﬁﬁg?‘f;’%m Pt er “system it is not

i Nt engegbrh the vajotsamdnds ofitdy prpsnttnvensibm r Tha meds sreettometerdnddespanner  of

| Nt 1 CORMELHI A LARCLATRAPSALE adtSuti el e loleh s Bkt g1 MaNE 10 L he
presentt I Avention. Tt = w |

7 | al so be appreciated ngt wor k conputers and
ot her chisged nqsrle Lihs Iheignsdn Bt Biele i P erat%gl{?g’e?"ébﬁe'\’miegl%%‘g% s or perhaps nore
CONMPOBERINS: IPBYGakiseambE Al tle wokd th caubrean pr-wwesvollisipmipdmedi on. The conput er

system of. Fi quke 19 cre S AR EraghifitsSok heterR gk st at i on. 1002241
As sh?ﬁ“ﬁtﬁm |°é|'?ﬁbgﬂgiw?#e9§raeta procesg}gi ngf;?a/stem 8 inc+ udes a bus 109

whi ch tiegprotein ipitodered ropahdhe srrillagi o Witk Bspurqefmenentption, thesg ghapged 1\ henpry 111,

whi ¢h saB¥entd 8xifthe sE)HRRIIZB afidunckinee siairash tmehwgepllDRMId 4RI a nass menory 119,
whi ch _nay .be g i r ' AANBRDET d ihgal drive or an

opt i cé{‘ih‘%f"feﬁté]% ngp%%?W6€a%¥eh%r lag:j:])?bes o?ﬁﬁr%ﬁ%r% éysterrs whi ch mai ntain
dat a ewpbe médasis wolbkmewn indhePERTH dRfap CHNIEIPES AN AR €KY cr opr ocessor 113 is

opt i 0QRLkMiRWstRh B stictm MA. ENtEnas? sekiRmeraibliaypiailydougedos edaadat a and  sof tware
F T U g hond Sch SREQEE B Bl ke oHHa bf'le b YUiLGESSOT 113 ey i ncl ude
[00223] Figure 6 shows an example of a data processing system 108 which is coupled
1o a mass spectrometer 101 through a network 105, which may be the Internet or a local area

network such as an Ethernet local area network. The mass spectrometer 101 includes a
detector plate 16 which provides data representing the mass spectrum to the network interface
device 103 which is coupled to the network 105. This data is transmitted through the
network interface 103 and the network 105 to the network interface 107 of the data
processing system 108. In turn, the network interface 107 provides this data to the main
memory 111 ot to the mass memory 119 through the bus 109. The microprocessor 113 then
performs various processing methods on this data, such as the processing methods described

by the present invention. The processing system 108 may be a typical computer system such



cache on the integrated circuit which is the mcroprocessor. Wiile Figure 6
shows that the nass nenory 119 is a | ocal device coupled di rectgjﬂt,@p I‘Ze
rest of the conponents of the data processing system it wll be

appreci ated that the present invention may utilize a non-volatile nenory
which is renote froma system such as a network storage device which is
coupled to the data processing systemthrough a network interface such as
nodem ofoatwdrsner net interface. The bus 109 nay imelosd@sne or nore busses
connected to each other through various bridges, controllers, and/or

adapt ensa greerd) purpoed dlgllklrpmmsmﬁysmeofaﬁRﬁClaﬂm@gﬁtﬂﬁle‘h@@eﬁ%g HHED coupl ed to 1/0
Controw%ﬂao&‘ie?mé!‘@dﬁh dsfH;QﬁUﬂHffKéan%ﬁnaJséQctﬂﬂl\ﬂaﬁeﬂd@:tlerﬂﬁkﬂﬁg/aou'[ put) 121, such

as a- nouse, board rinter, etc. Further, the data processing
systenﬁquRﬂFQf@é’éh%da‘ad ‘ﬁﬂ’&%}”*@%ﬁg% ¥lpsfrates yarions grepeas O devi ce 115 such as a
conventdngu@s syhdl ztﬁkrnoﬂnt&ddaubﬂpﬁgémsﬁ)qiarncudarwhlawre #OERBAf [t will be apparent

f this d t t hat : b
erbodi Bifearon ek peorRoray ¢ oy IATE e RARSBA BRI DD TEY

carri eﬂllbtsbb¢anpraclatqddwp!}t“@rkcsvm'é?th%t‘%’d?mﬁ%!’&wﬂ?%’é%@i ng systemin
r esponﬁﬁek@eﬂcﬁ,ﬁpﬂn&% s,moat&ﬂp@&t@myak&mwamﬂﬁwesemexecut i ng sequences

of COITpUt er Ogram | Nstr tio nt al | SUCh as nmai n
S Se ot e e B g e Ui e SER afion

menor yYepion, reno orage device. In various
enbodi wermp, has-.ehowﬁm(f:genelﬁohndatayromynmestml@ﬂmplndeeEMﬂ%t| on with software

59 1 9 ). i n@{. t | t th
presen}tvﬁ?hlr?\s/éoﬁg?do%@ 9‘%“’8%%&%“5 %ﬁﬁéggﬁfaﬁz% dhl&? ?ggﬂts o] gn;/npsgggln fic ©

conbi néimpripragdomtpsseememery RAN and 3 mags gerqsy b any particul ar source
for t hiagnétieHhrd i ioBagfote Guttitat drive yr anlopticalalrive qor DYBRAMg oligsst em (002261

'Flgure7 hows an (HP-TalYal =N y@eshi ch is a form of
o mRd %r %ﬁﬁi’&.g V{ﬂﬂdﬁ’a Qamﬁl-.llp‘é‘& Ry

a machPhe TEada used V\%th the ata processing system
accor dMistpprogessopHa i Sé’mﬂﬁﬂb'ﬁ@ﬁl"dﬁﬁlfﬁ zwgﬁﬁt‘” e ?"é‘?fﬁa%f‘f‘ The conput er
readabJoawsrefimesmwmﬂlawmmm@belsmmnmeaww ch when execut ed

in the data Cef;ém&{m &E&{:@rﬁ,&é&ﬂn&&o@vﬁmgmﬂésshg&mﬁaél ng system cause

the sy@F&N P6"PETTorm t he vari ous present invention. As
not ed misomemory HP&W@&Y‘%D?‘@“@B‘W‘JM? @“&ﬁd’fﬂa‘f“g“’ﬂ'ﬁ?‘s HfdhedBBr ed in vari ous
Pl AC e Sprbddinp st it wifl 64 apfréciiaaluas thé fresciDRWdtidrldayauiticamortvolatiass menory 119 or

in a renpte data storage devigc . ata processing
systeﬂ?‘?ﬁ?ﬂbﬁ'@%'sﬁwﬂﬁé&?gﬂ qu Tt Ace. @rt%&%%u%@ﬁ% QCOLQ%ft?V\/are and/ or data
nmay bethesdaarpad&smgW%&h@ﬂﬂf@éM@ﬁ%Q@mﬂj@VP&‘&E ePife nedia 151 may be,

for exgidilce Th bis'TBY thiy)nchuSonPMdrd tuSsesdbiinet tito B stheratamgly 119 whi ch serves as
vi rt ual

various bridges, controllers, and/or adapters as is well known in the art. The bus 109 is also
coupled to /O controllers 117 which support various IO devices (input/output) 121, such as
a mouse, or a keyboard, or a printer, etc. Further, the data processing system includes a
display controller and a display device 115 such as a conventional CRT or a liquid crystal
display. 7

[00225] It will be apparent from this description that aspects of the present invention
may be embodied at least in part in software. That is, the techniques may be carried out ina
computer system or other data processing system in response to its processor, such as a
microprocessor, executing sequences of computer program instructions contained it a
memory, such as main memory 111 and/or mass memory 1 19 or a remote storage device. In

various embodiments, hardwired circuitry may be used in combination with software
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menory for the data processing system The operating system 153 may be a
Uni x operating systemor a Wndows operating systemor a Maci htogdiPR 2005
operating systemas is well known in the art. The optional filtering
software 157 includes the executable conputer program instructions which
filter, in one enbodi nent, the periodic noise fromthe mass spectrum dat a;
Figure 8 shows an exanple of one nethod for performng this filtering

oper at i Gip.02d¢i®1 Sequence determ ning software 163 H'Cmtﬂsﬂwwl conput er program
instructions which perform one of the various rrq ‘fi f-or determ ning the
sequendetrofonsip impieaset the pispLiRvERIoRHT Thys. » B eges arepat Ropieq g% i cal |y a termi nal

por t i OfheSfic colBindlbdsrBirivard tirbuiryRabsoRefaindr lxey padmumtshara forsles | abel .  Figures
13, 14 and 188 i@d# exa Ies of the sequenci ng met hods whi ch nay be

per f or FEECHSYS PFFRte éiﬁ'CB “Ri ng software 163. The mz data 155 is a
set of [pdazsR Mmh?smpsasmmb%ﬂqgme'dmf@ﬁaﬁeméfas*b‘?h'éff"ﬁﬁg@lchar ge val ues for

am 10 AEhdk SARMENGRSBUSIY Bl OB LS EBRRGLGIR Wl es Tor al |

possi bl E™ expec agnent | abel ed t er mi nal @Fortl ons of all possible

pr ot ej memﬁﬂdl"?"*d’é’é‘apm'%@“%?E?Wﬁ‘éﬁrﬁ&b}?"’tef‘féfﬁ" Y and enpirical ly.
Fi gur eex@cu&h@%w&ewﬁ%laﬁmhe(eﬁhdimwaprMnmm dttesetipatt ed fragnents of

label ed term nal b o @1 RSt ihdiendata is used in
one enﬂﬁcd?%ﬁ'fe’f‘h conj uncg’l on%mg%i%he e%asgs spgct Fum dat a 161 which is

i Nput t Achofed drvea thismuesutahfssoftwarsend defe mapbe stoged ‘&Fﬁ“@‘l‘sﬁéf‘is\}‘é‘“‘?‘% storing all the
NecessSQf ¥adyiid, the BRARM l(lﬁmﬂlonﬁ&méﬂs’:khano%ﬁ))orzﬁa&nﬁﬁhﬁdstmﬂeﬁrﬁ the invention

determ nes the nece on t n Srdigeded basis). that
is, foyhichdsgoppledde, 'B%ﬁf? "tgrfy eénlﬁg &6 ‘E @% F%{}?ﬂ e mass spectrum dat a
f

(e g. @ﬁwmwpr@pmmmmwnyqnegfwm@ew pedisll MPCT/ US01/ 49491 351
of Fi f%r&.?fﬁ:l YW RAM 119 8ldak R Remddl 18 WhiaBseReedeituddasi s, al | possibl e
va

m z data es]for theﬁgl ve se uence Sﬁ aLt}“la%lmxo mqg Label -Al a-Tyr)
i ncl udPeipnt fprghedsia progessing §hte (Rxﬁg"’ the geequ nce and MAs for
t he vagyitenie aWihdoes @aﬁung@ysmhgppebfa(@osg op@hnmﬁem?s isoveiikngwnilngd M8 for the

vari oy D Swile 35 BSouadd thebexatulaBIE Bdfphiviprdgiamdescri bed further
bel ow'?nagtbg_&“{gnctl on Wit h guren 18. xOOZE%'lm;ﬁgga%rt i cal, enbodi nent which

uses tlh%m@emcéﬁ“?‘é&ﬂ’aﬂ@d%ﬁl'mﬁeﬂ?d‘ 4t ering software 157
perfOrmﬁrﬂsﬁédstaﬂéxaﬂgeemammﬂmpﬂfomegms‘lkeristpamaﬁmm%ta 161 to obtain

filtered da Thi ﬂ || I teS R OSRS 9 ash dnhe sequence
detern‘ie | §° gg&%%gzrﬂlﬁp\?g %rkﬁggﬂ"tésput of P‘i‘? otei n sequence which

is stmneeft@sfaw%mﬂb&daf%@?’m‘m&m‘ﬁ 11BPUNG 'exanpl e of a system
utili Zﬁﬁchww?can}exmummhmpmimmchmmmahemwmmass@wmi ng proteins. In

one € 1gud| [11? [MA nd 1t8B ehow e){ﬁﬂ;{els Hihe s@qudeﬁnE heth&ds %ﬁﬁﬁxaj geOMm a
performed by the sequence determining software 163. The m/z data 155 is a set of data
which represents a predetermined set of mass/charge values for amino acid sequences such as
all possible mass/charge values for all possible expected fragments of labeled terminal
portions of all possible proteins. This data may be detenmined both theoretically and
empirically. Figure 9 shows an example of the various possible expected fragments of
labeled terminal portions of all possible proteins. This data is used in one embodiment in
- conjunction with the mass spectrum data 161 which is inputted from a mass spectrometer. As
an alternative to storing all the necessary m/z data (e.g. as data 155), one embodiment of the
nvention de.termines the necessary m/z data on the fly (on an as-needed basis). that is, for

each sequence which is to be lcoked up in the mass spectrum data {¢.g. a lookup operation
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bi ol ogical material is obtained, and this tissue extract contai gs rrgw, 210
proteins (e.g. from100 to over 1,000 proteins). These protein gr AL
separated so that a mass spectroneter can anal yze each separated protein
by itself. The particul ar exanple shown in Figure 10 uses three

i ndependent nmethods (initial, internmediate, and final nmethods). The
particul ar types and nunber of nethods conducted can vary, although nost
typi caly¥oRlsci €aSt one el ectrophoretic separati eoTmstiiegt i s used. The
vari ous nethods whi.ch may be utilized in the s %ﬁem‘?hown_ in Figure 10 are
f ur t heas! dtRigure 1B&)a pracegser wehgnw.asveeﬁﬂétbma'm\ér Ut Serial No.

09/ 513,486 Wi v Waiendei(d £ DabEie Nk biAliayel 26s-TRDAAudiipdhe “BasieNt i t | ed " Pr ot ei n
Separation Via Miulti- D nensi %m Ertﬁg\ga{'iglpsg?ﬁ;r%glii&h" %?c‘p application is
her ebym9leselanysisht{MIY) of s wfigneg grd Y B IPE e Bro G IV 5gr aphy . et hods,
such ag pbeMeE H)ad MR SR thelPidousaliffeentcbargnstates SThisliereafivaiadesesibed onal |y used

[002291 Figure l1l. s wFideqeral overview of certain enbodiments of the
prese ﬂhefb%\l;’gﬁ'f‘fog]ﬁ'.mg%)\%r a’fglqon 201 represents the typical beginning of a

. pLca

met hod0®2a7)whi ch agypiseliembrdientyyhich pses e compylprrepdgble med °§?‘H‘E‘a, where this
ext r act me fitkiad DAwHDI5? phrloahs a ¥illing btatibiie: thehinesspecpumtia 8§ to are | abeled with a
coval ent  mass, | abel. 203 uch_as ri bed above. These
mass I%ﬁ@l@“ﬁ’r%ht ?ﬂ?%‘%W’fl?%%Qf"&r%%?%gggé%§+ﬁ§q§&l?ﬂ§%e mass whi ch can be
used tsofrvanias to deriveamoutpueof the grotemisepencevhichipsterptas the At s to which they are
attacnﬁtﬂzs In Oﬂgfr@fds%sgpémmﬂlbﬁa sysRRQliRGd RlindefiinmetAddeofa@par at ed. There are
vari ous cg‘lnve_ntl onal techni %u%% whi ch By be.  dss mﬁ%;r{} as
el ect rieysriop 0 jselating grojsins. g pi e E“egeogara’tl on-operati on. Figure 10 shows a
par t i Gibickicaleaersisisobaedaand diisctiswe ¢XOPFt oqptaing mpryrproteRiides- §p A% i on 207 det er mi nes
t he qu”merelt&oﬁ:row%. Pnede BREnsARAa et QANREHEE dpcbiohicliai4nd9A01  parti al

e fo

protein sedquence tor_ each separated, |abel ed tein by perform ng nmass

spect reathstparpted proteip By itselh H‘eﬁﬁ&{a%‘ﬁmer A lﬁ?rgéﬁ%sﬁs 4% the sanpl e shown in

Fi gur GndbpendeRQnsddds (it inemicdiate hodwnabmstoxds. Prepetiendr peseahnpl e according to

cer t al B, eBOMIENG et caf 16, HB6BE Rbst BKAD ! R bid oeérlpionckio det er mi ne a
guence

prot ei ) eration’ 251 1 abel’s ei&gar.o elns ar ol ypepti des and
i sol atw@%v%ﬁeﬁéd“ﬁ?’ﬁ?éﬁwﬂwswhﬂ%bﬂt ."t%“ésfyéfni'%ﬁ 53 perforns
col |'i §i fipuré HHORIEhet discRbidlisCe-pamitng UsBaént Appitatiyn $egrl Nach i sol ated protein
whi ch rp?gﬁeﬁgeﬁi%%%%ﬁ%mﬂﬁ%éﬁﬁdfs%ﬁ&“%ﬁ’@eﬁﬁa&ﬁ?ﬁﬁw&w data sanple is

trans F mass ~ spectroneter to a(&z%a gr cessing systemin

oper atDimensigBSElecHaphoresis SWiithapRlicatins i Agrepy incorpompipdhesep b l’ege"l”"é‘?‘mve peri odi ¢ noi se
i N OPGYiik LR hiatoprphy MUtHBASPUIRY o re@drseqphdse HPIAT orinige exethdiandnayke ch may be used in
operati on 657 I's shown in Figure 8. Finally, as shown in Figure 12,

oper at’Pialesd .

{00229} Figure 11 shows a general overview of certain embodiments of the present
invention. Operation 201 represents the typical beginming of a method in which a cellular or
tissue extract is obtained, where this extract contains more than 100 proteins. These proteins

are labeled with a covalent mass label 203, such as the mass labels described above. These
mass labels are typically designed to provide a unique mass _which can be used to impart a
unique mass signature to the fragments to which they are attached. In operation 205, the
labeled proteins are separated. There are various conventional techniques which may be
used, such as electrophoresis, to perform this separation operation. Figure 10 shows a

particular example of a separation operation. Then operation 207 determines the complete or

61



processes the filtered data on a data processing systemto obtamngapﬁRegﬁg
a portion of a protein sequence such as a protein sequence tag which nmay
be used to infer the conplete protein sequence. As is known in the art, if
a 4 or 5amno acid tag can be identified at a termnal portion of a
protein, it is then possible to infer the conplete' protein sequence from
the existing protein databases. [002311 Figure 9 illustrates how to
det er m @g Assgf Of mass/charge val ues for anino acwﬂmm@nuences This is
shown as operation 301 in Figure 13 Q% ortion 801 of a

pr ot ei- periia profeip SABRPEEi @@@ﬁ?*ﬁ%lﬁ?ﬁ'ﬂﬂi"&?ﬁﬁ‘&%? H‘P‘ége‘"ﬂ"‘?%a ¢ 802, 803, and 804
ina Cﬂslubﬂaiﬁhﬁﬁsssﬂe&ﬁﬂmld sibhaSicshnple owpiaFigae ied according to certain

enmbodi nent s of esent inventi nments 802, 803,
and 80K0338k| ud5’§“’5l S 2 MO ‘smtlféﬁ%gle cilg&%rlﬁatgfcermgﬁlﬁogmeg‘gscrl bed above. The

var i ous uskipkcse@t ieventioh irexgrivewn tgermin: eprotpin yeakrceo Bpartiea R he first three
051 QU Bl bbb TS o 1R RRNP RN BiminasEl SO shown i Fi gur e
the fir

9. artic resi c fragnents 807, 808,
and 80M°me¢1mﬁl§“q°?‘ag?1’é‘ﬁf”§“8@§’°mﬁ'ﬁb‘g ‘g‘ﬁ?‘i’Mp‘g{? lrfr'gggaés shown as 810.
Fr agmepdsiafbled. ﬁﬁﬂmSﬂeBﬂﬂngmmﬂhuntdhtesmlemmM&gm”émnsssgener ated from

collision i nduc di ssoci s IrROREL el thal dae @FHu@tAS two  am no
aci ds/ eyt ﬁgmées?nrgas%‘ 1°1n%an 812 Erpe?ve tta;gg1 sses shown as 813.

For thmvémgimqmlnhmwgﬁ?hmﬂéﬂﬁﬁé Eimf%‘éjl“ﬂ‘ﬂf here are two
pri rrar%m{ig BRI 557 B ltbwa RiFignR1ES Finkliycds stiavs n Fidoe 10pper@dn8iown as 816. These

massl charge” val ues are ysed to. de fped set which is
used i Prosses e a%“&'ﬁ‘f‘\’?ﬁf“f’ Gr 6 ?5%%‘6%%5?1!&%' g&r%eiﬂlfgfn?ﬁom one particul ar
met hodwammmummwmguhmbem%m“fﬂﬁ?eé e R PIBnt i on for

det er m.pl.ng. ﬂséﬁﬂ)\’l—ﬁﬂﬁﬁ‘eaRf:fMB%nﬁGh&l&agcﬁﬂmdeaﬁﬁeaatzﬂmﬁnﬂal ly | abel ed

portion a praotel, n 301 term QRtionally stores a
predetwm’“b‘fd’eﬂ%sf’ ! A’%ﬁ‘%ﬁ‘%” ‘5&5"‘6‘? g%%?ﬂ BCT uso1/ 49491

Masst CHatmgppritéit dadBasesThi s typically involves determ ning and/or storing all
possi b@&geﬂass %ﬂ@ﬁﬂﬁsﬂ@éﬂéﬁﬁo&%@édm@mm\%e%mﬁﬁﬁn&ragmi‘nts of the

| abel e rm nal _portions o 0sSsj.b ot.ei e 9 shows an
exanp| aidiseguencesg Fhipis f@“’ﬁ%f\??ﬁﬁ“’?é:‘hd‘f#] flrgen}giegrrnnmﬁ monéggy{m ami no acids,

and thxﬁaeﬁmpamﬁdedmanytpmdmnweﬁhgmmsoi 1663, exd$8¢ nagolfisiRgent s may be a

subset. }e}?clnﬁ fL AT Wc%taﬁ’d@nbb&n&n@%fﬁx@ﬁéseﬁthﬂ&nneﬁrtal n fragments are
not fo |n app C|ale uant|t|e3| % faﬁtss Operation 303

i nvol vEssh of thesrdfagmenist$83. 893, ﬁ IR PIRRES ermi ned fromthe mass
Spectrmﬁa&&&mmmwa@eﬁmmmmmmnp%@éwm ned set of

mass/ c ha&ugs f&amgr?nmus%’poi&ﬁp@%ﬁé A0 shoR in F@guf‘e'y' ﬂpaﬂﬁqﬂkl ng, such as
the first residue primarily produces fragments 807, 808, and 809, where the fragments 808
and 809 have the masses shown as 810. Fragments 811 and 812 represent the primary
fragments generated from collision induced dissociation for a fragment that contains two
amino acids/residues. These fragments 811 and 812 have the masses shown as 813. For
those fragments having three amino acid residues, there are two primary fragments 814 and
815 which have the masses shown as 816. These mass/charge values are nsed to determine
the predetermined set which is used in operation 301 in Figure 13.
[00232] Figure 13 shows one particular method according to one embodiment of the
present invention for determining a sequence of amino acids, such as a terminally labeled

portion of a protein. Operation 301 determines and optionally stores a predetermined set of
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a probability, is calcul ated based on the abundance val ues for geach
sequence of a set of amno acid sequences having a first nunbe%aoﬁfﬁn?Mﬁ
acids. Qperations 357 and 359 shown in Figures 14A and 14D respectively,
represent one particular nethod for performng the operation 305.
Operation 307 cal cul ates a second ranking, such as a probability, based on
the abundance val ues for each sequence of a set of am no acid sequences
havi ng @o%9&maf nunber of amino acids. It wll becappnaeswated that
typically the second nunber js differen t haz first nunber. QOperation

> [, th
357 an@assshyres maNgs- Qs opieally pevalvesSRBY °'ft8?“gé!ii’??ﬁﬁ§ti ng the second
r anki NgasdbiRrpe vikes PrapesGibRexpitdingamisdSthe Inbelel @rmied patimeofial t he second nunber
of am nqg.acids. _After, operati : ' r ing is perfornmed in
oper atWéﬁ(ib]%‘ﬁ’msng‘sm Sghﬁwrrg “éf%T\?ger}?fzﬁ%%’?"H%"“ﬁ@%@%ﬁgﬁéﬁ‘ﬂ%oth the first
r anki nagidamwe amine acidsgodilires At apids. difenoked thathreexperiod fiagmens B¥Paence of a set of

am N0 AGheh T AASREEReHAS R0 Bk k@RS lenlil RagmBROREhobfsiaar Of  ami no acids.
Qperation 361 of Figure 14B shows e.of a nmethod for performng

. ] h 30 .ex% ,
cunul aAPPRiabiegaafities i epgizicql fodty; | Qperagn SPHRVORERAIPARR V™fRki ng may be eval uat ed
t 0 det sidhnte vahlaés deteintided frork ik yass geummaciata Winéackhmizs/shatgh malirighest r anki ng (e. g.

a cumyl atlqy espe?&iwcx;gevkthew@&kiﬁﬂ&m B6E hiRtrSflink R 10t her et hods way

be taken | n to account to corroborate the sequence "determined as a result
of t hes reebrhility iy cplsulpterbrsespp theabpndance,vplyesfor eashaequensp pfgsg of @iPat a whi ch
speci famse Biviing A HEsLuTRbE oBanfio abilke Operdions 357 amN3sheoeompar ed agai nst the

determnl.ne e € ol detefm ne | 0 corroborate the
seque[?d%maéf‘%‘g'#i?%‘?l on Pés[ii%[pr?ae ro_r%gt e % w_rg'ﬁg\?% ranki ng. 1002331
Fi gur ewerdtibn 365 @paraion 30 selcutes a pecond rnkipg. susiyisdPerbatiiifabasedRmi®d according to an
embodi BRRincOfaiubd ¥6r dadhReRRice 4R ¥R Bt arid acidRGiendel BRingbdecdnaCl udes the | ookup

operation descrihed,. i.n operatign 303 .- 1lis,|lookup.swould typically be
per f or"f® f’%f""’é’ 'mlg'fe@%’é?cb&eed\%ﬁ écalll_ynthe?ﬁgd_‘b“rmgﬁ'el d'e%rf%ef'#led set stored in
oper atthao the B LrumBerc Queation 37 hnd 359 gherw  partivalpr smbediment fogpenlatngnt i on types and

diff ern%@&oﬁh%mgwi&ﬁﬁ@nﬁmb@oma&d&m%q&e&edﬁh@e&mMMfoper ation 353 for
each 63..1.9 APR 2u05 02/ 061661 .PCT/ HSOl/! 4949%0n%rtd'].cul ar sequence.

Thi s fRinpagidsc AfifFopsraiop }fd,f cympafve PEeBT S possibl e sequence at a
gi ven comfatizamskilgisigied upon beththe Gstanking enishe3&Pndrakingsal infineh are used to
per f Orgel i SeqlidnbeSde a WAGF 356 Aibschiités HAGRe A feadtind bbb hdmbed kN @ cumul ati ve

ranking 1s_ perforned in operation 361 and a seguence.nmay be selected with
t he hitgifeagids. m&%qlvg‘%ﬁéﬁgﬁ’wWW%&FB?@?@@T%MM Fi gure 15 shows

an ex aipnliveoiankinpe Thresultsfof theituniuflie rinking ingy tmeedrtil trglettming e
most likely sequence which has the highest ranking (e.g. a cumulative probability). It will be
appreciated that other methods may be taken in to account to corroborate the sequence
determined as a result of the comulative ranking. For exampie, electrbphoresis data which
specifies certain parameters of the protein may be compared against the determined sequence
or determined protein in order to corroborate the sequence determination resulting from the
cumulative ranking.

[00233] Figures 14A and 14B show a particular computational method according to an
.embodiment of the present invention. Operation 351 inciudes the lookup operation described
in operation 303. This lookup would typically be performed for each mass/charge value in
the predetermined set stored in operation 301. Because each fragment may include different

jon types and different charge states, a master count is determined in operation 353 for each
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embodi nent of the present invention. For exanple, operations 1108 APED3(0;
1105, 1107, 1109, and 1111 are simlar to the nethods shown in Figures 14A
and 14B for one | abel. Operations 1121, 1123,1125, 1127, 1129, and 1131
are simlar to operations shown in Figures 14A and 14B but they are
performed for a different |abel (shown as label 2 in Figure 15). A
resulting cunul ative ranking or probability for both | abels nay then be

cal cul afyg@rietssppPer ati on 1135, and the highest probabiskitgussequence may be
determned ftfromthe list of probabilities derived fromthe operation 1135.
[ 00235)  Fpagiseler seaustise Brisanapierceuntig thepr usoddensarh prBfular pastitde i ng the mass spectrum

data prigp eh&a?at W%l&&ﬂ%ﬁmm%ﬁ&dsmﬁukﬁmthe mass spectrum
dat a, andt ho

ﬁe i bed wWith reference to Figures 2,

3, 16 andP"If?’m ﬁﬁf"(alfi“ PIPe RMIRIS b asi cal Iy -t he nunber
of ions (Whmnsmmmmcdmmmemmmmme time at which the ions
strike the d %a ﬁlﬁa%ﬂ%germ nes the nass to charge (m-z) ratio of the
ion strikf ng e p %1 etector plate is calibrated with known nifz
nol ecul esl0pBfor Bewun I Lshrrsanerample pf the usqof amltiple lapelypscording 9P t he detector pl ate
I's then agsoaneHlofik ploéat Mtk For\ingR, opétiogOl1DE C103, I10MS$10K th 'z ratios of
a defined r e in siz S| d by each detector
bin vari e’swgg"%\ 131 EE' fbgg{ego%%f%n qﬁrﬁmdﬁﬁa{ﬂlgﬂ%ﬁ‘fﬁgﬁgﬁn (about 0.000707
amuO. 5) . omm,suzaams,tlw HBS ohd i1 anesiynilar 9i0pasytispsghpv@in decr eases with
'”Cfeas'“ﬁﬁdsmwﬁmm&h@ﬁmﬁtﬁmhmuammm%m to Rote_thalt _
noi se in Mass spectronet er al wa | erefore, the signal is
al ways ? BeyolS) h"%‘&!ﬂ’?gﬁ’i“}‘f““"f’ﬁ?“gm ?’\VE’@’?"F’S%‘@S'\@C%HW{’%% "feature" of the-
VS softmﬁ%mmmmmmwmmwmwemegmmw zero count data
that fall Wm& &%‘gjﬂo&@;%@&mbﬁata bi gger t han 3 consecutive

Zero coun nce have |ncor orat ed a B e of code that

rei nser t JO#238s E‘E“r%%m“ﬁﬂa%’c‘i‘gmﬁﬂ files are being
added or @thmbﬁﬁtdmmmhmm&nmmmdaWMMtlons can drift

bet ween ru%whlt ng 19alg@ahi les with a bin then
performt unlonoeratlonvm ‘each-al i ned b|n |nthe series_ 64 19
APR 2905 (5362 D6 186 e (igire Pigbpsiealy g eHPER B | ed | ook at a

sanpl e Magdke sm&bfpm (Thé G 2 wiiph thdiowsuikéuhé detebier plitendsiesisitiesi s not random
There i S @en aﬁptgro g&@e_?%okmﬁ{&l% tﬂ: We&gcmpectral n_oi se. This
"noi se" a e potent| al s &f ncreasi ng

f ragnent @plmethknownm!zmolecnlesbeforean wn:snm Each time period on

the detector plate is then assigned an average m/z value and collects ions with m/z

ratios of a defined range in sizes. -

[00237] The size range covered by each detector bin varies as the square root of the

m/z value of the bin (about 0.000707 amu0.5). This means that the absolute mass

precision of decreases with increasing m/z in the mass spectrometer. It is important to

note that noise in a mass spectrometer is always positive. Therefore, the signal is

always > zero in each bin. This gives rise to a built in “feature” of the MS software that

compresses the datafile by removing any zero count data that falls within a string of

zero count data bigger than 3 consecutive zero counts long. Hence, we have '

incorporated a piece of code that reinserts these zeros. This is only an issue when

datafiles are being added or subtracted from one another. Since bin calibrations can

drift between runs, it is important to align the datafiles with a bin then perform the

__union.operation with each aligned bin in the SEHES... ... - e e e
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conditions). 1002391 The spacing of this "noise" is slightly larger than 1
amu-as is evident froma overlay of all the peaks in the spectrjufn gpggazggj
anu spacing (Figure 3Y-and varies slightly fromprotein to protein i nce
the mass spectrumis calibrated based on a carbon =12. 000000 anu standard
and the scaling factor varies fromprotein to protein, we suspect that the
slight offset is due to the am no acid conposition in the protein

(di fferqoaepsibsd hydrogens, nitrogen, oxygen, and pwhkéirssdpr 1002401 The
spaci ng between peaks, however, is constant. Therefore, it is possible to
r escal €023k datAanWerttddwkatwﬁ%swmmwa@)ﬁgwwtmV| ding the mz

val ues« Joﬂéqmmﬂ%mame&qﬂn'aﬂﬂoxﬁr@ﬁﬁramu-ﬁ%dﬁ?%{KL-I dese@dd.i ng factor (1)
appears to vary from protein toﬁgﬂgote 02411 It is this characteristic

peak sWH’ﬁ)ém‘F%'st“HIé“Ppﬁﬁ?tébh‘ghf’W%e q’?é‘%{i"‘:f"*?)s“@ gHUBi%Pe or filter fromthe

mass saaditiehet afile. In order to define a characteristic peak shape

(decon I on the datafile, it
i's necéﬂsa#y tgﬁeﬁg{}'ﬂgh{tﬁ 9535%’%11%?@ Eacé@'[;nl_%qse%v{dgﬁnhnq%onal n. To do this
we def?Wyaf@k%mkﬁgﬂmwmwﬂdeméfmﬂw( igwedmapd Wyjesgligbhst ant val ue unti |
it hi t&:@ﬁoﬁﬂwpﬂﬂelmszmm&M@ssp&hmheamm&ameaaqummoowrrent M5 is at

t he | ow end, of z range nd | S. eefore we believe
t hat t3&s ?ﬁ‘&@l‘ﬂ%’%ﬁ?ﬂ?&%’ S L{e’ 6"'@‘5"?‘%“‘%% Me i's negligible
di fferﬁﬁas@m%smuﬂmmﬂgsmélswbt_em(tbﬁqrmmmdwnand 0. 001 anmu spaci ngs,

so 0. Qlyaau dndRRGRY. to be closetothe best value to use. Smaller
spaci ngs dramatlcal ly i ncre se the datafil ze_and ]sequenC| ng speed.
1002408928} c o o Thespaciphpefreeen EHERE sttty {Fnltg‘p%fﬁ’gﬁg’ ated wWith that nfz

val ue restsle thodataas mach Apgrfdet ipemispacing Brdividingttheonz phestbowphbhe cl osest adj acent

val ue Difese fols datedddie. (m/z,,, - mzl~)x
(Countss‘"“ﬁi%ﬁmmﬂ'él’??;’ sfﬁ"é}c’:’édﬁ{m %‘E ntﬁrgb&ﬁ\bm tugght-r‘dZI p,) 1002431 It is
possi dP@4that %EWWW P’d‘?l“‘?e"é’lﬁft‘@"t?ﬁﬁﬁ B¥e¥ned using a

nonl i e from thehifdOdpérl datafile. e bid@th dafieedhdrtetifie pakisegct eri stic peak shape.

[00243&3%“ i basefm ;%']n{ﬁ{) tﬁgda&ﬁ‘! Mﬁfﬁ&@y(ﬁ gures 1 and 2)

are t ase Ine shift prinari appears to be due
to t h@w@smwwwmmmSwmm Proedesgednt 49491

the m/z by a constant value until it hits an ending m/z value. The best precision of our

current MS is at the low end of the m/z range and is about 0.01 amu. Therefore, we believe
that the spacing should be <0.01 amu. We showed that there is negligible difference in the
sequencing results between 0.01 and 0.001 amu spacings, so 0.01 amu would appear to be
close 1o the best value to use. Smaller spacings dramatically increase the datafile size and

sequencing speed.
[00242]) Once a m/z value is calculated, the Counts associated with that m/z value are

obtained by linear interpolation between the closest adjacent values (bracketing that m/z) in
the original datafile.

(m  Zpew — M/ Zigy )X @"“mshugh ~Countd )

(mlzh,gh - mlz,w)
[00243] It is possible that better interpolation results might be obtained using a

Coun +Countd .,

nonlinear interpolation method based on the characteristic peak shape.
[00244] Some obvious characteristics of the MS datafile (Figures 1 and 2) are the
shifting baseline. The baseline shift primarily appears to be due to the presence of



unfragnented protein and/or larger protein fragnents. Since the quﬂﬁﬁcﬂ B,g
al gorithmranks sequence alternatives based on their relative i
hei ghts, it is desirable to renove background shifts in the baselines. It
can be noted in the mass spectrumthat there are both |ong range baseline
shifts and shorter range shifts. (00245] Again, the intrinsic periodicity
in the data is used to normalize the Count data. To do this we first find
the | ocgb offeidsim and maxi mum counts within a eachctusmad ock of MS data.
W then subtract the |ocal mni rrumféfomeach Cou unt . I%V\nthln t he sane |
amu bl eiRemeiedyiptein ORI pOte] ?“et“ﬁ e e SRR IR n it may be
betterseﬁ&ndéeliehﬁ@veabasdﬁloﬂthﬁuahbms@kih@ghtst1hned¢sm}eavbmwst|c peak shape rat her

thanasm al ue Vo Ragdul cul arly for smaller
peaks. T'@G’gﬂt’g&f&ﬁ‘f%bfohngs Htg’fl{e%eigﬁg}hﬁ%r%néﬁ zecsiﬁ?&erfs possi ble to determ ne
t he chlangatgebasding shifts puaborteringeshifighi ch wi || becone the deconvol ution kernel .

S' nce ﬁ@ﬁgj peaKga*flrf'i&eﬁﬂ;é&ﬁé&%:nﬂh@h@ﬂbmﬁ&%ﬂm%&&momw i ne correction),

ssar to rescale the Count data fhin 1. amu bl ock between

the m'Fﬁ fraddhe Jpra] wyinimpm and meximum; cpuats ka8 gqch, T o nor %5Fized data this is
accon'p&ﬂlvﬂ;fm Wy thefNabtrt tied@al nEBonm Gom eaklaZouM valu¢ withinghdeam¢ Count s] - Courdsj )

Ker nel 1o tyoioh Bl honbalihidPrelolutine. Afhi RAUPcbliRs 568 Of the average

deconvd('ﬂ Vi on termn as -a_functjon of he strength of the

L
pr ot ei minimuemgreedndhe chatactepiig peak Byare rthen 131 asgls valpe e ey 4R 5 471 Qbvi ously, the
avera%,sgmrﬁwmmon the factor used for rescaling the data. Ve
optim he S‘ﬁ'f“hﬁgméﬂ R%/Eﬁm g]bkltgl&%tﬁémm sicandard devi ations
é‘%ﬁ%’ e

(Error rnel . Nor mal i zedCountst 1 Y_
Nor m|mwpmmmmwomeﬂ$d%w§uww%wweﬁhmwﬁ dferfor = L (total # of

bl OGk%engﬂt)(evedaﬁbabQéhieQ&%&ia) Mnhescayformsemthemmﬂqamwmﬁm&t o deternine the
opti mum scal in ctor. sex:tu}mqvaue %Qﬂ%ﬁﬂmwt hods The

bi sectFYRHHS %5’8’3 one in-on
this is accomplished by:
Normalized Counts; ;
. X Max Min
jblocks (Counlsj —Counts;
Kemel; = a1 # of blocks

Figure 16 shows the shape of the average deconvolution kemel determined as a function of
the strength of the protein fragmentation conditions (nozzle potential).

[00247) Obviously, the average kemnel shape depends on the factor used for rescaling
the data. We optimize the scaling factor by minimizing the sum of standard deviations
(Exror) over all the bins of the kernel.

I Normalized Counts; ; ]2
I Normalized Counts; ; ]2 | iblocks {Counts}'™ —Counts}™ ) I
# i bl)o:cksL(COunts_,Ma" — Counts; “‘)} total # of blocks
or= ié:ns (total # of blocks -1}
[00248] We have tried two approaches to determine the optimum scaling factor:

bisection and Newton-Raphson methods. The bisection approach appears to hone in on the
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] bl oocksL(CountsMax -CountsMn)} total # of blocks 66 A 9 APR 20&% ﬁ%{g) .
02/ 061661 PCT/ 0S01/49491 optinmum scaling factor nore robustly th tAreR 200!
Newt on- Raphson net hod. There appears to be | ots of shallow | ocal mnima

t hat causes the New on- Raphson nethod to get trapped. Fortunately, the

gl obal m nima appears to be very sharp at the higher fragnentation
conditions (nozzle potentials) that are of the nost concern (Figure 17).

1002491W5L,%{6§§ | SA and 18B show a particul ar cowpaustiamal nethod in
whi ch, “according to a preferred enbodi nent, the entire mass spectrum data
i s | oaofsichuin stelingdavtor More rohesHthanthedNerropRgpisercctiod ThERAPPEAT 9 ¢ he necessary

val uesyqj s%ﬂﬁll&?foca%in%%%ﬁseé&ﬁd NeSonTHaphsorxadifol teakadpead used on an
as-neet()jped asls and stored in the L2 ?glcggl}f{ hi s isondone to avoid
accessl"%'@“a&’ﬂ%?é@’"d%??‘é‘afwaé“w’ﬁvéﬁséﬁﬂ e Ut hossible mz val ues. It
has begrditicielnbiRpnaialt)iat arsifti imog cabdém FagesilBl e nr/z values in RAM or a hard
arive Weshd " CRilGaR Y s8 hou dpHARKI StpRliond AEAGG, BRAFS. AcCeSSIng such a

data f in a Aar rrve and over a conputer's bus takes considerably
nor et dcpdidghampreferred enbodimeny, thyentig mass spretpgfeitapdedd iptaankdy 7 values in  order
0 per f,oHe 3t 4 hiroprORibRndRS  theine@REry RBuet 6K skthre e avalucaadccor di ngl y, the

met hods_shown_, in Figures.]8A and 18 I .1 cul ar weight of a
part i citlculpted and psge, e 48 &5 %"(s)ﬁ’%esltﬁm& 'é’?}eﬁlgé%g%ia%géﬁ@%bigmggnputi ng a basic
Mol ec Udcaksiniallatge\dsth Gie whiok woukdsopain all possiblam/zvlpge desbesl  t hen adj usting the
wei ght Q%{m-&i ﬁmﬁh\mi | ViRETERAM RS el dritswsltitediné svepper at i on 453 and
by adj‘{fs mghgtg e wel é’g{g{b{fqﬁtﬁh‘uch r State, ad] ustnents J'Gns operation 455 to
deri veglab%ﬁfﬂ“é&gési’“?et"‘wgf‘}‘iga%@gﬁ"e‘ﬂ?%‘g‘a—%%@v“ Feh s then tenporarily
saved fubialp eonsilidradly mbbetinienban ralduBtingion brj as-neededfasis Ofbpo/fs vaduek Bokup operation is
per f or med :gé‘r{og.ﬁﬁé%w Y debtSibddBerb €Al cbiAing]G MeGhtidds@Bbwa Z val ues to
€ nass

| ookup™1n spectrum dat a infthe, 2 cache the abundance val ues for
the cdrFiewpsdftpmlfshraloulaetheamolecuiar weicht of dpariculprresidue equence gRAN |\ - ont set of m z
val ueSsinfedQbasth conjthgibasidmdlecalaribaecplve filr the patialal sauetygandr i t i ng new current
nr/z data, Operatl i {nBnt £AM3 & ndwiiGa dpbrdtion @bk at i ons for the
next p@’é‘gﬁlﬂ%‘; eﬁefég?gé‘gg%%%%h?_ ormecj in order td(i);,éléerfokm t he | ookup

oper attiyedjustipgsthervdight with ugmepfs jn Qgpinn S RAFYC A toPREr t han storing all
POSSi hkGor tifchrentredbste whickis had tehnebrarily@aved inioperaton #57iead2ypr Lle. g. DRAM), the

val ues are cal cul ated .on an - hsnpRCusblaRiifch t enporarily in the
L2 cachde TR ST g?gé?g%gag'?]gﬁaﬁr a0 ‘jlu possi bl e terninal
sequenwesalugptolcokup infe:the masg steetipdpa pithed Ficarhe e pyadance alyes L8 7 51 o aci ds.

Thus  thie.RREmLEhE AR viie MRRRoprteniet e duatint tencf nfaaluedipergiper at i on 451 for
each subsequent  S&AUENGS Pndww Bkttt ade WPbibkioRheARINRIACT dS.

which the m/z calculations for the next possible sequence are performed in ordg:r_ to perfonn

the 160]:::11} operations as'sociated with those m/z values. Thus, rather than storing all possible

m/z values in a hard drive or in main memory (e.g. DRAM), the values are calculated on an

as-needed basis and stored temporarily in the L2 cache. These operations are repeated for ali

" possible terminal sequences up to a desired length of amino acids, such as 7 amino acids.

Thus the operation from operation 463 returns back to operation 451 for each subsequent

sequence up to a given length of amino acids.

[00250} The methods shown in Figures 18A and 18B greatly increase the speed of the

computation overall, even though the microprocessor must perform the necessary m/z
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100250) The nethods shown in Figures 18A and 18B greatly increase the speed
of the conputation overall, even though the m croprocessor rrust?pﬁarAf%R 7005
the necessary mlz 67 1 9 APR 2005 WD 02/ 061661 PCT/ US01/ 49491 cal cul ati ons
repeatedly rather than retrieving previously cal cul ated values froma
storage device. 1002511 Figure 19 shows .a nmethod for mnimzing the
storage required for the internediate results. In this nethod, the mz

val ues @pGidagd twice to retrieve the abundance vet/usesasan two different

| ookup operations. Thus, the operations depicted in Figures 18A and | 8B
woul d wuhmpsaneaeﬂlxmh%&a# @F’BWPFPV@E"‘EYSM]G‘P'“‘P“(YG]RT?}?%}3é‘f"éﬁ ons. The first set
of |ookyp. operations is performed in operati ons 501 and 503 in which a
count sum.and a count squared sum argg%ccu u or_thelt can be seen that
these P¥5Hles cHEunE shovsagythed forpimipizing 8m%§eq( S"E™0i 11 only be 4 sum

val uesmtem.eaxhtemﬁmsenmmmbd;aemmlmamluengmtwstmveélmamdaaeq ds and 4 sum
U o0 3k B Sy Ak lon bELRA oL BUAEREN S 10RERRL o0 Tor

possi bY® e eration nput es mean standard devi ation

whi ch lsﬂmﬁéheméeﬂmﬁe@pW‘F%GWP%““ﬁé@%ﬁ‘Fﬁ Qﬂf’?’i‘é"rankl ng. Operation

507 'So&%ﬁﬁﬁﬁaﬁ\e@ﬁMMU%dBd}en%vmaimpummfaadammuagtal n conputing the

m z val'ues on the 0 e Fi gures 18A and 18B
e e q‘.“ﬁ“‘g?‘gﬁmhﬁ*”ws‘%ﬁ% %

in a pHBFEPFRGUR € ran each possi sequence i s saved
in or danompbemmmetcavewmmwme qn&h!él“ﬁ@%‘“éfé“sd@s‘ﬁ'?‘bed above. 1002521

Figure, R Phiothchfoo Q»baitﬁwﬁrilmossm&wgvanwd tiple labels to
prowd%ﬁﬁ% ets which can Y

used t.Q r mass spectrum dat a
1901 |W€P@ﬂé‘§5°°'af’“&6ﬂ‘5f“§‘tn deyipfjon which ?"élﬁe % esen% true data while the
Si gnaldeehnﬁemaiddﬁgl G;Qﬁﬂom597i&albseeondp$hﬂ@“ﬂ§hd@t‘mmﬁ§faml ng the distance

whi ch sh gmn%mms@awmﬁgﬂmmﬂgmmr t he di stance in
the data n par t'he eak at .| ocation [FINe conpared to the

abundah&ﬁefe‘mda‘nmd“ﬂeﬁ‘cﬁqwni each ol eifef‘“efc?sd%v e’r“r(r’lr Fed that no peak exists
at 19%3@&1&&::@&% adnkiflgd @deicsibegisbees a rank of 0 which causes this noise to

On ¢ hOWiETler NP R e en TR BE L By RADUIRY  oved Tromthe

%ﬁga]b%ged fromthe
pr edetm#ﬂfe'dlﬂelwh‘b‘?@?W“aﬁ@@eé'ﬁﬁmasf%m%é%ﬁ and this causes
t he f|J&m¢m;;a{dgwslvmhm\fmﬁte&agrﬂmmlettlmesugvahn!qbatmné%msqaf a signal which

is gi V@gﬁz‘}er a%h’"fé‘(ﬂ &'F vﬁﬂéﬁs ltv)gg, afdblbieBi@Ey MBSS spectrum dat a
shown ﬁ‘ﬂ B tO T6taln t e pea at _location 1 04 as shown in
Fi gur eedddBg 68the dlstance in the data. In particular, the peak at location 1902 1s compare

the abundance data at location 1903; when it is determined that no peak exists at 1903, the

peak at 1902 is given a rank of 0 which causes this noise to be removed from the signal or

mass spectrum shown as 1906 in Figure 20B. On the other hand, the peak at m/z value 1504

is separated from the predetermined doublet distance shown by the location 1905, and this

causes the filtering algorithm to recognize the valid presence of a signal which is piven a rank

of 1, thereby, causing the filtered mass spectrum data shown as signal 1906 to retain the peak

at location 1904 as shown in Figure 20B.
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1 9 APR 200! WD 02/ 061661 PCTNSOLl 49491 EXAMPLES EXAMPLEL [OOZSSL In th| s
exanpl e a hi gh mannose type ol igosaccharide is sequenced using th 9

of this invention. In a nodification of the nmethod described by Parekh et
al (US Patent 5667984) the mass defect |abel 2-am no-6-iodo-pyridine
(Label 1) is conjugated to the reducing term nus of the oligosaccharide in
t he presence of sodi um cyanoborohydrin (NaBH3CN). This incorporates a
singl e yBSswstkef ect element (1) into the parent obtgosaenbaride. The

addi tion of the mass defect elenent allows the |abeled oligosaccharide
fragments to be distinguished fromunlabeled fragnents and matrix ions in
the maEXAMBEESrum 100254) The Label | conjugated ol i gosaccharide is then
al l quoted to reaction tubes containing different saccbarases (as descri bed
in TabggaMBLBONd 3) in appropriate reaction buffers. The reactions are

al | owepo150] pr obekislextopicohighl neniosttypelghigssacehoridslicsequarsed ye fieact i on  product s

are Subago%?am f h&%&ﬂﬂaﬁﬁoﬁm%&%@mmwmmmwm fragments generat ed

reacti on mass_ defect . | abel s @?%w each .enzyme (Table 3) in
the pr@é@?ﬁ?@%ﬂ‘)ﬂ‘e%ﬁﬂﬁm@gféﬁmm‘ﬂ?mﬂm 'stcﬁ’@'ég@e beI s contain
di ffer%ﬂ%ﬁﬁfﬂob%&mﬁ&fﬂémﬁemmcyamorelwwst fragnents may be
distin ram the te riginal oligosaccbaride_
Tabl e nzyng]‘ P‘i{éﬁ{i%ﬁﬁ% SAI T aelngha mannosi dase | 2Jack
beana &@Omm I Theaiditan tha tnbss defebéltnpitaliprrtheteholadeligopeshare  4Jack
beanbe {n - hgs %@Wgh%@g @mssatgdg%@owg,s%m dase 6Achati na

era

licab AMaNNosI reptococcus neunpnaeN acetyl beta-hexosam ni dase
8Hel i xmwa-tlabeta nmannosi dase Ai dsaccharase Enzymes 69 .1 9 APR 2005
[00254) The Label 1 conjugated oligosaccharide is then aliquoted to reaction tubes

containing different saccharases (as described in Tables 2 and 3) in appropriate reaction
buffers. The reactions are ailowed to proceed to completion. Upon completion the reaction
products are subsequently conjugated at the reducing ends of the fragments generated by
reaction with the mass defect labels shown for each enzyme (Table 3) in the presence of '
sodium cyanoborohydrin. Since these labels contain different numbers of mass defect
elements, the digest fragments may be distinguished from the termimal fragment of the

original oligosaccharide.
Table 2
Oligdsaccharase Enzymes

ENZYME SPECIES Enzyme
#
I | ASPERGILLUS SAITOI | alpha-mannosidase I
2 Jack bean alpha-mannosidase
3 Achatina saitoi ) alpha-mannosidase 11
4 Jack bean beta-hexosaminidase
5 Prevotella sp. beta-hexosaminidase
6 | Achatina fulica beta-mannosidase
7 Streptococcus pneumonae N-acetyl beta-hexosaminidase
8 Helix pomatia beta-mannosidase
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WO 02/ 061661 PCT/ USQ /49491 Enzyne*Acti onMass Defect Label Used ggﬁgggng}
Label I H\ / 1C eaves 1 a 2 nmannoses at any site H94 / |abel 2 e [5
a 3, 6 mannoses to any site Cleaves | a 3 nmaonoses when |inked to a
branched sugar H2N Label 3 ' Enzyne nunber corresponds to the description in
Tabl e 2 1002551 An aliquot of the Label 3 conjugated reaction m xture
(i.e., digested with Enzynme #3) is further digested with Enzynme 1. The
reacti ogolhfsiugi N sugar termni generated by thi gcreseasan are
subsequent|ly conjugated to. Label 2 as previously described. (00256(
Aliquots fromall these reactiT8¥83are-t hen ni xed, acidified by the addition
of a 50%\v/v_nixture Bepctionanddobel Combimations, oy hangl and subjected to nass
spect r aEnamal j/AMe®  Because of the | Befeplahed Usedr + hd acetal conjugate in
aci d sQNuwicei onsNemass spectral analysfis .nmust b 'conducted'innediately after
acidifijcationf Alternatively, a diffferent j-abgl series |that incorporates a
hard charge (p.g., an Nal kyl -i odo-Jpyri di L#&=)l may] be subjected to
mass g$pectral anal ysis without acid#TTH The resul'ti ng mass spectrum
i s decpnvolved to renove all chemical hat does |not contain a nass
def ect iabeie' DRaR D manibees Hanyd@s 0f  This ipvention. The resulting
deconvel ved npss defect spectrumis| then ithmcal lly searched by the
nmet hod$ of thjs invention by predicting g e possi blle ol i gosacchari de
sequences that could be attached to ra ] &ggt | gbel used. (002571
- The seprch alpgorithm cal cul ates the S branch conbi nati on of

hexose| (Hex),| and N-acetyl am nohexgse (HexNAC),. Each Hgx nononer unit adds
a Tabl g 3 Reaction and Libel Conbinatiaons 1
3 "{ Cleaves 1 & 3, 6 mamnoses to any site !
Cleaves | ¢ 3 mamnoses when N
linked to a branched sugar

*Enzyme number corresponds to the description in Table 2

[00255] An aliquot of the Label 3 conjugated reaction mixture (i.e., digested with
Enzyme #3) is further digested with Enzyme 1. The reaction reducing sugar termini
generated by this reaction are subsequently conjugated to Label 2 as previously described.
[00256] Aliquots from all these reactions are then mixed, acidified by the addition of a
50% v/v mixture of 2% acetic acid in methanol and subjected to mass spectral analysis.
Because of the low stability of the acetal conjugate in acid solutions mass spectral analysis
mnust be conducted immediately after acidification. Alternatively, a different label series that
incorporates a hard charge (e.g., an N-alkyl-iodo-pyridium series) may be subjected to mass
spectral analysis without acidification. The resulting mass spectrum is deconvolved to
remove all chernical noise that does not contain a mass defect labeled peak by the methods of
this invention. The resulting deconvolved mass defect spectrum is then algorithmically
searched by the methods of this invention by predicting all the possible oligosaccharide
se;luences that could be attached to each mass defect label used.

[00257) The search algorithm calculates the mass for every branch combination of

hexose (Hex), and N-acetylaminohexose (HexNAC). Each Hex monomer l{ni; addsa} o
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70 1 9 APR 2005 WO 02/ 061661 PCT/ US01/49491 nonoi sotopic mass unit of

179. 055565 amu to the weight of the estinmated fragnent nass. Ea&hgl;{\Ne\Guﬂﬁ
nononer unit adds a nonoi sotopi ¢ nass of 220.082114 anu to the estimated
fragnent mass. There is a net loss of (n-1) tinmesl7.00274 anu for each
sugar (n).contained in the fragnent. The oligosacchari de conposition of
the peaks matching the search criteria for Labels 1, 2, and 3 are shown in
Fi gur es walpnada and 23, respectively. The nunber ofcrnsexeses and

N- acet yl am nohexoses corresponding to these peaks are shown in Table 4.

Tabl e 4nchhisotopic rassainiflof 79.06556 Hemnos s weighit of the ptinkited fingment k.  and Peaks PeakCom
081 1 0%, NG il 2 i 3 BB Hlamb s egadder for med 11 om

t he fragnents conj ugat e est that the ouﬁier nost sugars
nust bdragmenioess mg?ﬁeeﬁtloﬁé'fﬁr@m{"%’é‘s’;‘“‘f‘f"é@“ﬁ%ﬁ‘ﬁ“é‘ﬁﬁ?"%‘ﬁ ed to | abel 1 nust

corresﬁ}m@hafgﬂe&hﬂwﬂ%@%&éé&@&&ﬁﬁbﬁﬁdp@ﬁsmﬁtﬁﬁ@mwﬁ&duce that the 4
hexose mass | t he, f abel fragnment nust
corresﬁ%r‘rﬂ’e'f'é’% E}ﬁ’ %‘ggfeﬁ%:] b g #rwsﬁemw‘ %&gﬁgyne 3 only cleave
a- nannh&essanSNmeylpémﬁe@eswntwdmmoyhmﬂsarzshowm'ﬁa@a‘!e match in Figure 22,
we can deduce that 4 of the outernost sugars fromthe reducing term nus
are | a 2 |linked mannoses and that there are no internal | a 2 nmannoses.
100259) The next fragment in t¥Blefabel | nass | adder (Figure 21, Peak A
differs by an addltlonuhmﬂerlammeafm:mthe previ ous fragment. This mnust
correspond to a sa ¢ Eiglure 1) Peak8. The only matching | abel 3
conj ugat ed fragnmentBeakFilgur e Lemppesitionf (5 hexose fragnent), F (a 2
hexose fragnent) a G (la BNAE, 0de fanman ). Since peaks F and G total 5
) hexoses, we can deduch tlhat ?m‘ | dast dne of these fragnents nust contain a
| at 2

2

] 11 o]l [o]]-)
W [ e | e | A |

[00258) The mass ladder formed from the fragments conjugated to Label 1 suggest that
the outer most sugars must be hexoses. Since the highest mass fragment conjugated to label

1 must correspond to the parent oligosaccharide, then we can deduce that the 4 hexose mass
difference to the first label 1 conjugated fragmqnt must corzespond to 4 ¢-mannoses since
both enzyme 1 and enzyme 3 only cleave a-mannoses. Since peak D is the only labet 2
COII_]llgate match in Figure 22, we can deduce that 4 of the outermost sugars from the
reducing terminus are 1 2 linked mannoses and that there are no internal 1 & 2 mannoses.

B (00259} The next fragment in the label 1 mass ladder (Figure 21, Peak A) differs by an
" ) additional 4 hexoses from the previous fragment. This must correspond to a sample digested
with enzyme 3. The only matching label 3 conjugated fragments (Figure 23)are E{a 1
hexose fragment), F (a 2 hexose fragment) and G (a 3 hexose fragment). Since peaks F and
G total 5 hexoses, we can deduce that at least one of these fragments must containa 1 . 2
linked mannose. Since enzyme 3 only cleaves 1 &t 3 and 1 o 6 linkages, therefore, we can

further deduce that there must be at least two separatel o 3 and/or 1 o 6 linked mannoses in
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therefore, we can further deduce that there nust be at |east t

a 3 and/or | a 6 linked mannoses in 71 .1 9 APR 2005 WD 02/ 061661

PCT/ US01/ 49491 the structure and that these mannoses nust be interior to
the 4 1 a 2 |inked mannoses. From this informati on we can deduce the
follow ng partial sequence: (Man4-1 a 2)-{Hex2, Mang-l a 3, 6}-{HexNAC2,
Hexl }-woWigic: r i ndicates the reducing end of thecousgeseccharide. [002601
This process is repeated with different enzynmes-from Table 2 until the
conpl ethesteageiaddet these tanesesmiuaihd intefionto x4 hi R inkediingpeeses §FP"i t h enzyne 3

fol | owgd. 4 I Ak L.hation that the initial sequence
is: %IH£W%Q%¥%@?4CQ%@ a seqﬂ%nce of the reducing end of the

ol i gosaccharide is determ ned by reaction with enzyne 3 followed by enzyne
7. EXAVPLEZ [ 0026 jpkar,D 1 lah2h-S (B3 WRne—Y& 3536 {(hbavarpIRx daf ect | abel for the
identification of the fatty acird conposition and arrangenent in |ipids,

whi ch we herein define as |ipid sequencing. The present exanple is |imted

to phoﬁﬂﬂ@ﬁn\ﬂcﬂé&'ﬂﬁ%éﬁ%‘%d&T@é’%ﬂg%ﬁacchhﬁde.sh0U| d be apparent to those skilled
inthe art that with aé%?ﬁrxﬁqa&'hgﬁggﬁgar at i on.. t#&ﬂﬁhe spot, and |ipase

sel ectiPBAY t halhigmegessss (s BESETTEE 1 BER of the saponifiable

| i pi dscompletelehicneds deymiveinfongemple, digestioiwithestymg 3 follewedlyy NY, 1975)). [002621 A
l'ipid extr s She BREE: i i@n of an E. coli K-12 cell pellet by
t he r?egfyﬁ?ggg%otyjs&gnsonl%%%i?%%ﬁ%lﬁ%:lpwanual of nmethods for general

bact eri ol ogy, p328, (Aner. Soc. Mcrobiol., Washington, DC, 1981)). The

et her was renoved bwa.evapar—gHNaG;}rand the |lipid pellet resuspended in a
65: 25: 5 et hanol : chl orof orm form c g%;gd, ol vent. s stem.th(cont aining 0.1%
but y| &ihe il paarnenaf he redusing epd of fhe pligpage Fﬁi?‘f’ﬁ‘ﬁ’? FUEREy ol une was spott ed
i N eachzyat 3 fonewdddpesymd7.a scribed silica HL plate (Altech, Deerfield, IL)
and allowed to dry. The lipids were separated using the sane sol vent
system by the nethod described by Waters and Huestis (Anphi pathic

i nter ZNAMME i t h erythrocytes a |l atel ets. . Doctoral. Dissertation

( St anflofRét] Uni \}éﬂgﬁef‘?‘}l’“’sfea'ﬁﬁl Tppss ?‘Q”Bg'ﬁ?'.““’df"h‘t%eﬁﬁ‘g{‘%yf? 1992)). This

Pr OC e S6id Sfpaditivh @sl airgemdni ip lipids, Whichvescddreigdefinp as livdsequbnging Thas renoved and

exposed to |odi. 3. BSwel St shbfid 1R e} f@@mbdkei ons of each of the
senf i 2 Ao ARG et s Rl

l'ipid e silica majrix S scraped
P skilled in the art that with alternative separation methods, spot, an:{ hpase selections fhatat‘i%

| i nked mannose. Since enzynme 3 only cleaves | a 3 and 1 a 6 Iin\iyg@J
arfie1

techniques can be applied to any of the saponifiable lipids as defined by Lehninger
(Biochemistry (Worth, NY, 1975)).

[00262) A lipid extract is made by ether extraction of an E. coli K-12 cell pellet by the
method of Hanson and Phillips (In: Manual of methods for general bacteriology, p328,
(Amer. Soc. Microbiol., Washington, DC, 1981)). The ether was removed by evaporation
and the lipid pellet resuspended in a 65:25:5 methanol:chloroform: formic acid solvent system
(containing 0.1% butylated hydroxytoluene to inhibit oxidation. Half the volume was spotted
in each of two lanes of a scribed silica HL plate (Altech, Deerfield, 1L) and ailowed to dry.
The lipids were separated using the same solvent system by the method described by Waters
and Huestis (Amphipathic Interactions with erythrocytes and platelets, Doctoral Dissertation
(Stanford Un-iversity, Stanford, CA, Dept. of Chemistry, 1992)). This process separates the
lipids by head groups. One lane was removed and exposed to todine vapor to determine the
relative positions of each of the lipid fractions (Figure 24). The silica matrix was scraped
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72 1 9 APR 2005 WD 02/ 061661 PCTI US01/49491 fromthe region in the

undevel oped | ane corresponding to the phosphatidyl choline spot j p@‘?gﬂ

pl aced into a m crofuge tube. [002631 The silica pellet was resusp‘g $n
100 1d of phospholipase reaction buffer (100 pl) as described by Cottrell
(Meth. Enzynol ogy, 71:698 (1981)) and vortexed vigorously. An aliquot (50
pl) of the silica suspension was renoved,to a second m crofuge tube. The

first ayépeissivas treated by the addition of 1 IUpO‘E‘m@Imthol i pase A2 from
Apis nellifera Si ma- Al drich, St, Lo ﬁ ‘% gyh Iectlvely

hydr ol fereke regien i ﬁ%ﬁ&?ﬁf&éﬁp‘a@mmﬂ@g%‘w erphafioyich Pewafsa“ reated by the

addi t |,,ngpmedimdatﬁnaf,ﬁlmbezyne 871 (SI gnma- Al drich, St. Louis, MY, which

sel ectively hy t he C3 eri des. Both

r eact |[8'ﬁ2 xt uﬂ@’lhglﬂepf “Vﬁ&ﬁﬁsﬁ?ﬂ ?lggofﬁh S@ﬁ%}g g‘p)gg%f\y)egr ni ght. 1002641 The
react i(oo® pmaxdesmﬁeibv@pmlb(m&oﬁimgr,dl &Mlﬁ@éﬁﬂlﬂwmﬁmd\/acuum and resuspended
in apm#zsggﬁﬁ @%&ﬁs@g) &h.egths‘am.sgéngmziamvedwés%c&lemmggabe| | (2-am no-5-

i odo luti o %I chl ororret hane) to the
phosp H‘éheyT*lféi‘?t aliggot F"é“é@f‘?"d’ﬂf “1‘?1“9513‘{??‘ 1 Wé’ggh"ﬂ’@?lﬁ’ﬁsf’

(2-am g%a(élgmadmmﬂy Bi. dduBﬂQIO)Nahclesdldenlel( Bablyzafthed2 fdttyhmrbol ution in

di chl e to t - al i quot (20 pl

of a I Palf gt M cyc exyfgg‘?%%(ﬁ%? oﬂa“\}\(g‘sh’ﬁen added to both

t ubes Lawigl Mo)mw@gvemmmm@ fawd%;%fﬂ’b‘&h%'mea Bl yzed the

conj U%Edoﬁﬂnﬁfres%ﬁnﬁmﬁmr&oknbeﬁp%ﬁﬂov&ﬂgﬁ,y aci ds to the mass defect |abels.

The reac xtures were aC|d|f| % formc acid (v/v)
and mit%a l q&r %%ro *arlc anal sis by m crospray

on an mmxmebpﬁﬂzﬁééﬂmﬂ’eﬂ?e agapferi betsk! @amingteconvol ved from t he
resul t.ddagﬁm@wm SETLA M Bifutionth gRhlbrbkétBand) o ﬂx&lﬁm@h&ﬁ&at i nvention,

| eavi g& convol V%ga@»f épect r_,’g_mpovm | wasa%}édg The identities
and r SPZPFIPR T Mt HEPan Prl&2 and 3 on the
phospthsoduylbmhdﬂchlmdﬂ:am)wﬂya‘tmmesmma@%mm%quwss addition to each
| abel ¢, @ﬁdhﬁﬂghgb%%&mﬂ ca%&;m:&bwisaﬂewdde&ﬂodo&&béssn@ccur in multiples of

ei ther - 31300 aral%ed‘éea é‘%G 01 'L?unlts The mass of
one HW&“%%%@“&W%”%H‘@ W“%P‘g'd’f étﬁy'"%al ength to conplete
the sy adidsithd shass defecttibels.t Bre miartinh mixbids yere gridiligd by additiomefi®&d fatty aci ds can
not b Qﬁﬂif:h&% % thdfdpbbraRHi RS am@%.g e loss of one
hydrogoe%wfs’éﬂﬁ'\gyﬁg nmass at % gﬂdanch point is re%éc;)kegred y)ht he extra H needed
to compieARd Maripgg MS}t oj chi onetry at the terminus of the new branch.

[00265] The chemical noise was deconvolved from the resulting mass spectrum by the

algorithms of the present invention, leaving the deconvolved mass spectra shown in Figure
24. The identities and relati'\l{e abundances of the various fatty acids at C2 and C3 on the

" phosphatidylcholin lipid backbone were determined by mass addition to each label. The
lengths of the natural fatty acid tails occur in muliiples of either —CHyCHy— {28.031300

amu) or —CH=CH— (26.015650) units. The mass of one H (1 .007825 amu) is added to
each predicted chain length to complete the stoichiometry of the terminal methyl group.
Branched fatty acids can not be distinguished from single chain analogs because the loss of
one hydrogen from the mass at a branch point is recovered by the extra H needed to complete
the stoichiometry at the terminus of the new branch. ‘

[00266) The relative abundance of the various fatty acids at the C2 position can be
estimated from the monoisotopic peak heights for the various Label 1 conjugated peaks
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[ 00266) The rel ative abundance of the various fatty acids at the C
position can be estimated from the nonoi sot opi ¢ peak hei ghts fiog hﬁﬁ
various Label | conjugated peaks 73 A 9 APR 2005 WD 02/ 061661 2605
PCT/ US01/ 49491 (Al->FI, Figure 25). The rel ative abundance of the vari ous
fatty acids at the C3 position of phosphatidylcholine can be estinmated
fromthe nonoi sotopic peak heights for the various Label 2 conjugated
peaks (%‘ﬁ%ﬁ?&a Figure 24). Therefore, the averagersegseane of the
phOSphatlgy choline ofE coli is shown in Table 5. 1002671 It is obvious to
those gdqitiFgdFighie 26)n Bhearelative htandatog of thetariqus fBitvecide e (3@o9t98 i ution  may be

obtained thro t he use of .a C ol M ARk oar aphy di nensi on or

ot her P@M&’[ﬂ% %‘a‘}‘ﬁ%‘a’ te% %%ﬁig’é'ﬁ“gg?@yﬁ%‘lr”o o%{l;@fit of the fatty acids

i S US elabbI coftpated alts (Mp— Foighe 205dberefpre. tegvarage sequencelof ¢ § Res. | 7,:717-732

(1966)). Table d.l.eholi. ne. nce Conposition PeakE. Coli Phoshati

ApproxPW@‘dﬂb}HﬁH&ﬁ%éo@éf}Pan&??@y& (Label 2C2 abell An-dodecanoi c2010

Bn- t et paxkek anokdRbEos GRhdwnskillod inithe art thet fiherlipid sepenstiBel8P35 EQ ei - 2

F”'OCt&gﬁﬁ%{;&h&%@&%égg%cﬁﬁtﬁhima?&aﬂ&ma&imbﬂymﬁ&ﬂmoirahdrudes as an appendi x
re I'ist

a soft I ng and . associ at ed f.il.es i y be used to perform
one entsprsttiapwethads “‘ﬂl}l@hﬂ‘ﬁ@@ﬁﬂ“’h‘r‘i‘.“y ?fr?gea%&ﬁ'ﬁllséms%%mgo%g%uencer code is

I ncl udgmis\de Morms e DLIpR Red, BIHTAAMENL of the sequencing algorithms. A
filtering code is also included,fgr performng the filtering algorithm

according to onegeah3ibiE@ylchiint SGuinbiCiipodiiion The appendi x al so i ncl udes
or sequencer [TpEUtT 7 OUFRHT Acid> PEC] TApprkimat Abanduacesp@c| fies the inputs and

out puts assofci atefl with the sequarsqesber)d¢ Ga(@labell) |
A n-dodecanoic 20 10
B | n-tetradecanoic 20 30
C | Palmitoleic — 2
D n-hexadecanoic 37 35
E Oleic — 2
F | n-octadecanoic n 20

[00268] The present application includes as an appendix a software listing and
associated data files which may be used to perform one embodiment of the invention. In
particular, a sequencer code is included which performs one embodiment of the sequencing
algorithms. A filtering code is also inciuded for performing the filtering algorithm according
to one embodiment of the invention. The appendix also includes 4 sequencer ?nputloutput
specification which specifies the inputs and outputs associated with the sequencer code and
also includes certain example files which indicate data files which are used in conjunction
with the sequencer code.

[00269}] In the foregoing specification, the invention has been described with reference
to specific exemplary embodiments thereof. It will be evident that various modifications may
be made thereto without departing from the broader spirit and scope of the invention as set
forth in the following claims. The specification and drawings are, accordingly, to be

regarded in an illustrative sense rather than a restrictive sense.
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al so includes certain exanple files which indicate data files which are
used in conjunction wth the sequencer code. 1002691 In the f?rggﬁg gg
specification, the invention has been described with reference g ﬁ5| C
exenpl ary enbodi nents thereof. It will be evident that various

nodi fications may be nade thereto without departing fromthe broader
spirit and scope of the invention as set forth in the follow ng clains.
The speghbigsaki on and drawi ngs are, accordingly, torisnassegarded in an
illustrative sense rather than a restrictive sense. 74 1 9 APR 2005 WO
02/ O61BBAMPIH 3 USOL/ 49491 EXA11PLE3 1002701 Exenplified is one enbodi nent

of thegppar at;le%mﬁﬁ :sBMSdnﬁ@vmegrem&; oﬂﬂﬁ&t@cehvablahmbs of the brom nated
or |od| nat ed gfﬁ'}é et her v %%%l uch. ﬁabg]smu t‘ﬁftﬂnj for quantifying
the r efiefeet lapels afffie bepspinated or '13?" *BE ? g, nuc el ¢ acids, proteins, or
et aboh&ﬁt@ﬁﬂgtﬁebﬂiﬂvmynmwbmm@ecmﬁp Bi ltuclblgwdsmn@mmon or detection

of 11 C1 e6L o) b rbD SIS ASE hOh Fieeckferitestohihis | abel serves as a

sur r og3t s conjugate bionolecule in the nmass spectroneter.
Var i at spestremeaidt. fﬂq@aiséFfﬁﬁthhqlwﬁﬁWW?“ﬂ?Wﬁé‘ U for attachment to

Pr i MBI oAl in the wadsBectrordeter. aﬁdatﬁﬁrobmmeimml chemisiygoevidaimednsg  bi onol ecul es.

The inclusion of .the nmass ¢clq &l | l;Eﬁ aRetw! | ows the label to
be unalftAARIBES oprmary ERRs, o’m eV bg giﬂdr?gnc enqlcaF noi se that nmay be

pr esemmlm&mf&améefam#mem%ahb!@bm ¢ labpl 9 hreunanbiewessly when dif f er ent
nunber s 0f4 fRcverBGiSe ng%ﬁyﬁﬁr&&ﬁﬁﬂwmﬁdmﬂﬁio@arﬁm | abel s. [002711

The synthesi s starts vmth como, ter thylsilyl)-
pheny| By e gower mﬁ‘?“%‘ %reé’mmg‘%edsl%?l ed by Schm dt et

al . [\Aﬂeﬁ.9/32501 (July 1 1999)) Thi s startlng material is mxed with one

of th re &gg},%@é @¥.Qérh Myﬁﬂﬂ)- or i odo- phenol s shown

I n Taglpﬁqg gﬂ% reacted by the u’?h ga‘ijﬁ dt et al. [WD
99/ SZH@@Y("S’B‘FM(FH%Q‘)"]““F@“PW %E'B B oM nat ed or iodinated
MasS d@ies 1995 bnﬁssaﬁﬁgmmtsmnhdwﬂwn@me@usew@m @wnmc@}y- et al. [WO

99/ 32501 : m b
msertéﬂla'f)lé?]'mxogiﬁdf%g%%pmé’w%t? a?%?%ﬂﬁgwn%fmﬁg%@%ﬁ:?ﬁ?ngagryf group

t hr ougiehmitieet s dWIOIOEE50h fuly k. SR IpEope fhe periyspe Hydr oqui none or
4, 4" - didashe® s iarempel prehdsas. Tvis bbviossomesymeidt, et KO PYRSPIon of the termi nal
phe”O'(J.ﬁyf P4 S a5 Bl ey Pline PrsrR BRI AR Erie Pocbirelir 168 i fhes by the same met hod

used terminal mass defect containing aryl group through the addition of the commercially-
available hydroquinone or 4,4’-dihyroxydiphenyl ether with subsequent reactivation of the
terminal phenol througli creation of 2 phenolboronic acid terminus by the same method used
to create FT106. Similarly, branched aryl ethers may be created by addition and reactivation
of the mMmy-awﬂabk 1,2 4-benzenetriol.
[00272] The test-butyl-dimethyl silane protecting group of the mass defect label
precursor (MDP1 through MDP5, Table 3.1) is removed with a molar excess of
trimethylsulfonium fluoride in methylene chloride or other suitable means generally known
in the art. The corresponding deprotected phenol is further reacted with an appropriately-
blocked amino linker [See GB 9815163.2 (July 13, 1998)] which is subsequently converted
to the primary amine as described by Schmidt et al. [WO 99/32501 (July 1, 1999)]. The
amine is further reacted with any appropriate pheny! viny! sulfone. Examples of appropriate

pheny! vinyl sulfones include, but are not limited to those with blocked primary amine (e.g., 2



to create FT106. Simlarly, branched aryl ethers may be created by addition
and reactivation of the commercially-available 1,2, 4-benzenet (1 d APROGZTE2]
The tert-butyl-dinethyl silane protecting group of the mass defect | abel
precursor (MDPI through MDPS, Table 3.1) is renoved with a nolar excess of
trinmethyl sul foniumfluoride in nethylene chloride or other suitable neans
generally known in the art. The correspondi ng deprotected phenol is
furtherypemmiced W th an appropriately- bl ocked anpapuomker [ See GB
9815163. 2 (July 13, 1998%#7‘2\/\hi ch i s subse uentlg_c nvert%d to.the primry
ani ne wito glowp dhei chreibsagpenty lhfiedicedde anifine). EiRpYgo I8 e B/ MIUPIRSAE  1990)]. The

am ne éstser)fou{h}o 33 J(ﬁ&ﬁ’}tdg e} s bsﬁﬂyqn%pﬁﬁ% 18%he ’Im_gﬁfh‘ﬁiino\gkcEl%| sul fone.
Exanpl €s™ot a Fbprl ate phenyl vinyl sulfones include ut are not limted
to t hosféhelinietis wm%mmﬁﬁwha?ﬁhwdf@.ﬂ@?“?ﬂ%"‘?‘@“ﬂ"@?‘ PR 2005 WO 02/ 061661
PCT/ USQlARASY é,hamegabgrmmy,m{aatocmmg&tﬁb&mmnj ingthddegenaraliyced to aniline),
carboxylic aci e.o. ,.trifluoroacetate - thiol (e.g., a

di sul fiEgpanized Qé?”d%fﬁf’g?tﬁeﬁ‘fay%ﬁm%ngfsﬁgnjlgﬁtg%%ﬁ{oiefu#}egﬁ} The 20 ami no group of
t he | imicomoldilellizagh the fiatamie, sarbdxylicrapifl) on hihgrenpiby anyipiable de or net hane

sul pho ' gmge O a8 ds 1 18d ) Rt Rimmed Rewakl e. Finally, the

bl ocki%%émzli] (%%1 s °r°éﬁ%3‘éd by rﬁe’?ho s generally refggni zed in the art and
t he preovegetedmolemiee nass tag is conjugated to nolecul e or macronol ecul e
through the free am ne, carboxylic acid, or thiol group by any suitable,
general |y recogni zed, conjugafige methods to yield a photocl eavabl e nass

defect tag- conj m@imjﬁﬁu 1€ BrohiaDinfd 16dehawvly t ued Phenol CodeMass Def ect
Label w%“&u Miss Defdet Bathol Frétuaer phenol T eR- But yl |

. di met &2, 4, D enoxy) .\benzyl oxyl -silane ft
) 4-1 odjo- pheRol tart-Bu}i[ 4- 4> o-‘phepoxy) - henzyl oxy]

t hylt-si | ans

terl-Butyl-dimethyl-14-(2,4 6-trilodo-phenoxy)-benzyloxy)-sitane

MDP

OO

tert-Butyl-J4-{4-lodo-phenoxy)-benzyloxyl-dimethyl-silane

OO0

D | |

3-Bromo-phenol [4-(3-Bromo-phenoxy)-benzyloxy-tert-butyl-dimethyl-silane
MDP \ \ B,
4 .
- O
Bf
Br (4-nitro-{2,6-dibromo-phenoxy)-benzyioxyl- tert-butyk-dimethylsilane

2,6-Dibromo-4-nitrophenel
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r MDP r HO 63_0 -

33 Br or no- phenol [ 4- ( 3- Br onp- phenoxy) - benzyl oxyl -tart - but yl - di rrét%yﬂpf%l]ﬂ[}%e
-- )-NO2MDP® Br LO-ND2 Br Br

2, 6Di brmo- 4-ni tropherw [ 4-ni tro- (2, 6-di bronb- phenoxy} benzyi oxy}tart - but Adi m

ethyl silane erci Conm Avail abl e Bronp- and | odo-Phenols 76 E1 9 APR 2005

WO 02/ 061661 4-Bronp-2-nitrophend DV 5 PCT/ CS01/ 49491

| 2- ni t r QoldeciisP - phenoxyybenr ybxyl -t or t but VI - di metivytaidsene EXAVPLE4

1002731 This exanpl e denonstrates how the present invention can be

i ncor por &d into afffdM¥ {ysco pI ed nMass | abel s Hgr the rapid and

quant it ati vg_anal ysi §3of af f hni e | abhel ed conpounds

fferent sh Ies (Se o 00/ 11208 (Match

2, 20069 . exanpl e pses proteins, [ ous tlo those skilled
in the art |t gan be extended to t anal ysi or conparison of any
nol ecul es, co- pté?p iofd frpm [zimtfof(e:mbhe@a.m&hml terf{bm%msﬁiﬁhe synt hesi s of
the | &bdrod® heioL apy-sui-table—heterobi-Hrettonatr—aryt~ brom de or

i odi de (such as the commerciall y-avail abl e exanpl es shown in Table 7). NDP4
and MDPS (Table 6) provide additional exanples. The aniline precursors are
react egikawiblE £ Stoichionetric excess of an N-hydroxysucci m de (NHS) ester

of an Bt YR comBElk A 1 BER ARBREFabd cdd 8l € NS i mi nobi ot n
or bio | ecul €s "I'n anhydrous acetonitri

affinity-coupled mass labels for the ramd and quantitative analysis of affinity purified mass

defect labeled compounds obtained from different samples (See Acbersold et al. WO

00/11208 (March 2, 2600)).. This example uses ‘proteins, but it is obvious to those skilled in

the art that it can be extended to the analysis for comparison of any molecules co-purified

from different samples. .
[00274] The synthesis of the label starts with any suitable heterobifunctional aryl

bromide or iodide (such as the commercialty-available examples shown in Table 7). MDP4
and MDPS (Table 6) provide additional examples. The aniline precursors are reacted with a
stoichiometric excess of an N-hydroxysuccimide (NHS) ester of an affinity reagent, such as
the commercially-available NHS-iminobiotin or biotin melecules in anhydrous acetonitrile.
The reaction mixture is incubated for at least 2h before the addition of water to hydrolyze any
unreacted NHS-ester. The solvent is evaporated to dryness.

[00275]  The nitrophenyl functionality is then reduced to the primary amine using by
methods generally recognized in the art, such as dilute HCl with SnCl, added as a catalyst.
The reaction product (Formula I) is purified by affinity chromatography and evaporated to
dryness. The second aniline group {produced by reduction of the nitrophenol) is then reacted
with another suitable crosslinker (e.g., iodoacetic anhydride) or may be used directly for
linkage to carboxylic acid containing target molecules using carbodiimide chemistry. Itis
obvious to those skilled in the art that many such linkage chemistries are possible to primary
amines.

[00276] Optionatly, the second aniline terminus can be extended by reaction with
hydrogenated and ‘perdeuterated polyethylene glycols, as described by Aebersold etal. {WO
ﬁOl 11208 (March 2, 2000)] to produce a series of isotopically-distinct mass defect tags for
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The reaction mxture is incubated for at |east 2h before the addition of
wat er to hydrolyze any unreacted NHS-ester. The solvent is evaﬂo@a&%{i Xib6
dryness. [002751 The nitrophenyl functionality is then reduced to the
primary am ne using by nmethods generally recognized in the art, such as
dilute HO wth SnCl2 added as a catalyst. The reaction product (Fornula
1) is purified by affinity chromatography and evaporated to dryness. The
second %8'95165 ygroup (produced by reduction of thecnusnaphbenol) is then
react ed anot her suitable crosslinker (e.g., iodoacetic anhydride) or
may be USQﬁ‘feﬂ:hﬁaﬁﬁlﬁehgg. Bmﬂmlylsalépwgmmawhwmm:@damscont ai ni ng target

nol ecul es u |;Hgm‘,§:%e se(ﬂm ls&g&[po o Yffinibyltagh Sirec@OVi OUS to those skilled in

the art thg I nkage chem stries are possible to primary am nes.
[ 002761 Malﬂowﬂﬂlﬂbst@@tms%Ffﬁ“'l‘?‘ﬁ'é“‘t“%‘?‘?ﬁ“ﬁﬁ-@‘%%w'ﬁﬁ’ xt ended by reaction

Wi th hydrogenat G assh déeatqsls %@&Mrmheyeﬁm#:men gmoobs, as descri bed by

Aebersold et al. [VWO 00/ 08, Wrch %W%angg gg‘%&? a series of
i sot opi calof passfeleet elemen I8 ¢ pan WD. 02/ 061661
PCT/ US01/ 4&4935 deiddtifﬁﬁtyemlpleatagtoatbutermglwu@ marnak# weludeawlingpi cal |y pure aryl

brom de or., %%Ig th@&@ esisel)lad gener at e

i sot ope-cou ‘f Ini dlrectl Owg‘l‘_lForrmlal illustrates a
mass def eeqdoﬂcmﬂe(bebWP?”rPf&Plf'lcﬁ‘?‘f‘ ‘I“g’@ Wi [ epresents a nass
def ect el enentpoffalad., bromine or iodine) and n represents the nunber of

mass defect el enentyy The Linker is any linkage chemi stry that can be used
to attach the masg} defect affinity-coupled tag to a target nol ecul e.

Exanpl es include afl line (which can be linked to carboxylic acids through
-~. carbodiimde chgpst ¥31 and iodoacet am oben(for med by reaction of aniline
) wi th iodoacetic anhydyide). Formula I Nd J- (Cvb~-F Table 7 Exanples of
Affinity-Coupl ed Def ect Label s Het ero | functi onal CodeAffinity-Coupled
Mass Def ect Label brom de or i

( -

Table 7 _
Examples of Affinity-Coupled Mass Defect Labels
Heterobifunctional Code Affinity-Coupled Mass Defect Label
afyl bromide or jodide o

MDAl

Br
2-bromo-4-nitroanitine ﬁ\% NH,
S
0
Br
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020- MDAI

Br -

2-brorrw4-nitroanilineHaT r>wz \ / 0O Br

78 1 9 ARRy;2
02/ 061661 PCT/ US01/ 49491 BrMDA2 OyN\ / NH2 4 Br(CNiq S O I?Rg Rﬁf? éﬁﬁl

2,6-di bronpb-4-nitroanilin Br

sanpl

separate m crofuge tubes.
macr onol ecul es
a finalywgengepiration of 10% wiv and
The preC|p|tate i s pel

m n.
super
resus

cont a
hydr oCii
| sot opi
i nkef .

added

es (I

MDA3C14 ~ |

\ /

to amcro yge

2 6-dibromo-4-nitroaniling

qL he tr

P a

. 1% w v tris(2-carboxyet
cubat ed over ni®
are prepared \

-NR= O 1002781 Bl ood pl asna
m) are obtained fromeach of two patients and placed into
Each tube is treated as follows. The

are precipitated by the addition of trichloroacetic acid to
t he tubes argThREWsAied on ice for
et.ed by centrifugation
I's dried under .vacuum The
qgf a suitable tryptic digest

(14,000 g) and the
dried pellet
i on buffer
hyl ) phosphi ne
ght at 37 ¢ 1002791

an i odoacet am de

estNHzof sanple 1 is

2,6-diiodo-4-nitroaniline

MDA3

(CHoly

NH,

 [00278)

Blood plasma samples (1 mi) are obtained from each of two patients and
placed into separate microfuge tubes. Each tube is treated as follows. The macromolecules

are precipitated by the addition of trichloroacetic acid to a final concentration of 10% w/v and
the tubes are incubated on ice for 20 min. The precipitate is pelleted by centrifugation
(14,000 g) and the supernatant removed. The pellet is dried under vacoum. The dried pellet

is resuspended in 100 microliters of a suitable tryptic digestion buffer containing 100 TU of

trypsin and 0.1% w/v tris(2-carboxyethyl) phosphine hydrochloride. The solution is

incubated overnight at 37 C.
[00279)

linker. An aliquot (50 microliters) of the tryptic digest of sample 1 is added to a microfuge

Isotdpicatly pure aliquots of MDA1 are prepared with an iodoacetamide

tube containing 10 mg of [79Br]-MDA1. A similar 50 microliter aliquot of the tryptic digest
of sample 2 is added to 2 microfuge tabe containing 10 mg of [81Br]-MDAL Both tubes are

incubated for 3 h prior to mixing the contents together. The affinity-labeled molecules are

_ purified by chromatography through a streptavidin-agarose affinity column (Sigma-Aldrich,
St. Louis, MO) following the manufacturer’s recommended procedure. The recovered tagged

peptide mixture is analyzed by mass spectrometer with the mass defect peaks deconvolved
from the chemical noise generated from unlabeled peptides by the metheds of the present

79
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l\.—/

tube containing 10 ng of [79Br]-MDAI. A simlar 50 mcroliter aliquot of
the tryptic digest of sanple 2 is added to a mcrofirge tube containing 10
ng of [glBrJ-MDAI. Both tubes are incubated for 3 h prior to m iR 1805
contents together. The affinity-|abeled nolecules are purified by
chromat ogr aphy through a streptavidi n-agarose affinity colum
(Sigma-Aldrich, St Louis, MO follow ng the manufacturer's reconmended
procedu&gﬂmﬂgml recovered tagged pepti de m xture pervasiampzied by nass
spectronmeter . with the mass defect peaks deconvolved from the chem cal
Noi se gRAGhAARAnhinRgissiticainedisia:t papbdl plis woy qaitfiedor hodslatiye t he present 79 1
9 APR 2005 WD 02/061661 PCT/ US01/49491 invention. Al renai.ning
i sotopt §-distinct pairs of peaks were quantified for their relative
abundance. EXAMPLE5 [002801 Ness et al. (US 6027890 (February22, 2000))
descri ass of photocleavable mass tags, based on

ot €

2-am n ni tr hen aci ds oi ¢ _or,. pbenylacetic acid), that
provi deo28y aI tﬂ?sﬁﬁ %@Nﬂgg%??dﬂggesfrﬁfe 8%8t e 3, for surrogate :
anal ysdh&omavabammgmmmmmmm@mwmm bengoicaphi | e Ness et al. allow

the incorparat de Q01 18846 sedpdest er conponent  of
t he Iéﬁfﬂy“% JI) a"a] AVQE’%L?&E%(‘@S?@%m%nentS including C, N, 0, H,

F, S aam:hslafngh@yd?cale#bﬂms%%weteﬁemﬂiﬂ‘ﬁ% owlle j odine as a mass def ect
el erreﬁ}.mrpﬁgﬁ&.loﬂo&aédauﬂmbbigﬁhah@ﬁe;hst&b@ﬂpoidmdﬁheandadpaabﬁmadded as a neans to

S et Sk LAY R 52 U B IaRe Wb Wmicplige 20 ustrent o et y

1% 881 i nat e potential mass defect
el enmenifpdineish ras dofec slemet. Snetificalys thaytearh . B, #dd p1589%4458n into their mass

}\ggs bn? gsg ‘,Sﬁ:eﬁéy%ﬁﬁil?én_ﬁn@mniaksglalgmaingéﬂjusmﬁﬁtame@ofsot ope abundances.
ss a

al mthag "it-is rel ati v d i stinguish tags
by nasf@"é‘ﬁ@&&' Mf‘r@%ﬂ‘ﬂ’“{”ﬁ&’ﬁmfﬂg&s |fﬁ°§g¥'ﬁeo%'sa e %o Oallﬁat have nore than
one |e&a§.mﬁa)rmormr@mhto¢lanmwhtm@éh&efmlelw‘l‘HU'a% he met hods of the
present ik s&%&l&h&@m}é‘& RRSGLE LGAaY.. *:n@&ramryalfﬁcumcﬁsmgieﬁect el enents, such
e

as brom n europium into the V\Blgﬁe gav?e q_lurster conponent of t he

phot 0d4es BXAIss PeqFRReTyPRERhore L ES RErR gomE At € mass defect provided

by t hgsfype @bigahahtatatidnests us to deconvol ve mass defect labels fromthe

cherm GiaflO! S CugGHeIALES oﬁagﬁwan@%omas&malmcm@m hat may be present
I's

inth 1tron Hg{g‘gng& V\?. howtlpe Jpse of peak pairing
decon\ﬂeﬁeﬂﬁmwaﬁugltﬂsppﬁﬁmddmw’ hHEF DPERETREPS furt her qualify

| ow s|mmﬁmd@&mmmmmmdefdwmdmw@vmt s with high

natur alements allows us to deconvolve mass defect labels from the chemical noise generated from

other organic melecules that may be present in the sample. In addition, this example shows
how the use of peak pairing deconvolution algorithms, described herein, allows us to further
qualify low signal peaks in the spectrum when mass defect elements with high natural
abundances of stable isotopes are used.
[00282] The synthesis is exactly as described in Example 5 of Ness et al. (US 6027850
(February 22, 2000)) with the exception that the R}.36 compounds added at step H consist of
bromophenylamide derivatives of amino acids with varying chain lengths. The
bromophenylamide derivatives are prepared as follows. About 5g of 3-Bromobenzoic acid
and 5g of 1,3-dicyclohexylcarbodiimide is dissolved in 100 ml of dry toluene. About 10 ml
of this solution is atiquoted into each of10 reaction vials. To each 10 m] aliquot a

_ stoichiometric quantity of one of the tert-butyl esters of the amino acids in Table 8 is added
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abundances of stable isotopes are used. [002821 The synthesis i?ﬁxactly as
described in Exanple 5 of Ness et at. (US 6027890 (February 22§ 200%R)7005
with the exception that the Rl1-36 conpounds added at step H consist of
br omophenyl am de derivatives of am no acids with varying chain | engths. The
br onophenyl at ni de derivatives are prepared as follows. About 5g of
3-Bronobenzoic acid and 5g of 1, 3-dicycl ohexylcarbodiimde is dissolved in
100 M @i o8liciest Ol uene. About 10 ml .of this sol utiromus@ssbdt quoted into each
ofIOreaction vials. To each 10 nl aljiquot a stoichienetric quantity of one
of t he relasive to e brpiobsnepis peid. off different apipasid byl sterivaddeddo gch s added 80 1 0 APR
2005 WQip02/40 Bhe6d eRE hrk praaied SPMGHods dofinaiily Mdwh B thehag. Tieonobenzoi ¢ acid. A
different am po acid ts:rt-%gtgl e%ﬁ%isaﬁd%ﬁ% tlo each tube. The ten-butyl
est er s aftion §rlayst R ErorRyd HYETIREIFL TR e ISR OP ST HE 4P he reaction is
al 1 owe 8y thoadditiaof eiflucrozeetia hgid) t ThasolveB derozabecwporaton adiiitle t ert - butyl ester is
renmoved. b . i 1d 4 L L frok. solvent is renoved by
evaporg’t%‘%%"&%%’@%%ﬁ%&%%ﬂﬁﬂe{%g%@@geg%r%e\cygﬁgglsc%9% purified by
pr epar gvireehssecheqmatogranty with ppdimtelitien.ng  r ever se- phase chromat ogr aphy with
gr adi efjosd] Ut i ORe bréPRAMImidd RriRERIRP ligslyddand deond@ghphed isings ar e di ssol ved
and chr 0 hed using .a bran r : tiL,gnary phase
(di mn%%&&%‘?ﬁﬁ“ﬁ%@’@%y ’ %s%ﬁgm%ogghgh%&a gradi ent nobile
phase ¢nIAYbsdaghdicitiobiledhdsycondistiag iniiallyof emiakreat etionkitensd@ and/ or  net hanol
with water i.n.a 5Q/ 50 ratiqg: f rat. . ) s adj usted by the
anal ys{”etga@?'lw'?'W&msl‘b%gﬁoi'%'o’g}ogn‘%&%{g%{lg’%ﬁg%‘gﬁ?ﬂvati \}%Fﬁxl'he wat er phase nay
opt i ontek spgeifindromephenylasidedgrivativen The wtcppbase gy eptiongfinbsiredifiedteet at e,
di et hylain'0Q molaf inthdRinABEEE diethlandie i fihylummitey @ abbriten hytoxiad d i n sol ubility of
the anal yte jn.the nmohile phase in cases ailing or peak

a%ld] sw& htes 85&11’.,3';1:3&21 Mebbite d»'hase {1 3ases Y}%@%ﬂ&m@ﬁl&? dic

br oadefi e ordanic portion nay optronally be nodified in
st r englrbadering hasodaiimery The-ofz90i¢ brytiop anay,prEynally bejmogifipdip firength Wb hol |, di i sopr opyl
onat | L o e ot on” of the. desi r ed
constituents in the .ana m xLure. a Qq. ation o e desire
br omp?f@ﬁﬁ?ﬂﬁﬂfﬂﬂgwglﬁ (e ﬁ%ﬁ?ﬁﬂeﬁﬁﬁ%ﬁ?ﬁ%e gradi ent is
i pl enissMtiedlofithe desired tyormmphenylemitdeinbe| mateshb fomtits inpueivest Fhegfadientis- 50% or gani ¢ ( by
vol UW@@@WH&%&%WQ%&&WW&M&}@nﬁwvsmmgﬁo 10 to 20 minutes.

nt o

Sol vertonet KEHBT e Greafraniy . Beres RrEsent oM B ach derivative as
woul d pheseaistityentsdlost e inisial apd Bnabioivert singtss, anfh gradient velocittsirnt ed  fracti ons of
the degid adedh RERRIEE WoAFhHRaFRE &inb B ondidneeAMiaACHoaad evaporated prior to

fractions of the desired bromophenylamide material are combined and evaporated prior to

incorporation into the mass tag. .

[00284] This procedure generates a series of iabels with the general composition show

in Figure 25, which can be reacted with any primary amine containing target molecule(s)

through the tetrafiuorophenyl-blocked acid moiety as described by Ness et al.
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~-OH H
Lsol eucl neAspar agi ne i f CO

I ncorporation into the mass tag.
| abel s with the general
reacted with any primary am ne containing target nolecul e(s)
tetrafl uorophenyl - bl ocked aci d noi ety

APR 2005 WO 02/ 061661 PCT/ US01/ 49491 |
H G OHOH CH3 d yci neal anin 4-am nobutyric acid e Q C I {
r CH230 32- Ami r r ooetmosiesssci dNH2 Leuci ne or

%OJT(&%ME]— G |

Amino Acids for Use in Preparation of Group V1

1 H215nD .

" Table8

conposi tion show

as described by Ness et al.
H2N- (CHI - "~ H2N- HH OHH2N-
H2N OHI

Variable Weight Components for Mass Tags

HZN——TH——C—OH

HgN—-—TH—C——OH

HZN——(CHZ)Q—Z

OH

H CHj
Glycine alanine 4-aminobutyric acid
H 2N——TH—H-——0H HzN-——?—H——OH HaN——GH—C—OH
T**'C”a (Tﬁz)s He
CHa CHs —0
Leucine or Isolencine Asparagine .
I .|
H,N—TH—C—OH HZN—TH—C-—-OH HZN————T H
T"‘i Hz «iﬁm
CHj

2-aminoheptanoic acid

NH
Glutamine Phenylalanine
5 0
H . H |
HoN—— OH HN=——CH—C——0H HaN— OH
(TH:z)r H—CHs (T“?Js
CH; CHa CHa
. L Valine L
2-Aminodecanoic acid 2-Aminopelargonic acid
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~-OHHH2N -OHH2N- H Hp- | H ~ H2(HZ)4 CH3 O 2- am nohept anoi ¢ add NH2
d ut am nePhenyl al ani ne OO H H2N-H OHH2N- CH C- OHOH H2N- (7H2) 7} H_CF431 H216

CH3CH3CH3 2- Am nodecanoi ¢ aci dVal i ne2- Am nopel argoni ¢ acid Tabl e % %@ Q
Acids for Use in Preparation of Goup VI Variable Wi ght OorrponeL , (‘gi]tﬂ%
Mass Tags 82 1 9 APR 2005 WO 02/061661 PCT/ US01/ 49491 EXAMPLE6 1002851
This exanple shows the utility of the photocl eavabl e nass defect | abels

gener at@g odgtidgxanpl e 5. In this exanple the 3-browebesdade acid and al anine
conjugate nmmss tag label is attached to the N-term nus of the peptide
br adykKEXAMPLES6 ng net hods generally recognized in the art. The | abel ed

pe‘p“dﬁoiaﬁ di | ?ﬂ;?élmﬁ;ﬁesﬂmeuhm;agftﬂeeﬂhotaaléaﬁakmhs%efec&mse& a 50:50:1 by vol une
acetonltrile:water..triethylam ne solut|0113 esolutlon was injected at

about $en?ﬁ‘@r'bﬁaﬂe'?5ﬂéﬂ"%ﬂﬂeéh‘i3rﬁ'@‘°3ﬂ’z%’ﬁ PR aBne Sy Mar i ner ESI - TOF
NBSS  sReed hRNR kthe@d thePethins bfhcpheidshraipides dingimethodpr ay head and run in

PO SRR 40, Ly BT B St | 10 v opti m zed
into 2 50:50:1 by volume acctonitrile:water:triethylamine solution. The solution was injected
at about 1 microliter per minute into an Applied Biosystems Mariner ESI-TOF mass
spectrometer equipped with the standard microspray head and run in negative ion mode. The
spray and mass spectrometer settings were optimized for the highest relative abundance of

the 3- charge state of the oligonucleotide dTg that could be achieved with a peak resolution

greater than 5000. An Ar-pumped stand_ing wave dye laser (Coherent), which was tuned to
350 nm, was directed at the gap between the spray tip and the nozzle of the mass
spectrometer, such that the sample spray would be fuily exposed to the laser light fo cleave
the mass tag.
[00286} The mass tag labeled Smnp!e was analyzed by accomulating 30 scans of 3
seconds duration. The chemical noise in the mass spectrum was deconvolved using the

_ algorithms of the current invention, leaving the mass defect label peaks (Figure 26).
[00287] ‘These deconvolved peaks were further qualified by the relative abundances of

their isotope pairs using the algorithm:

[(Counts ,M-s-Counts[..m lCoun e Countsl..ﬂ,]l
2 | lCounts,,m+Counts{..Bﬂ)

The relative abundance of the lower mass peak was replaced with the f-factor from this
calculation. The resulting deconvolved and peak-qualified mass spectra of the mass tag
region are shown in Figure 27. Finally, the isotope series in the B-Factor spectram (Figure
28) was further deconvolved to a single monoisotopic peak using algorithms generally known
irs the art as implemented in the BioSpec Data Explorer software (version 4.0, Applied

.Biosystems, Framingham, MA).
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the 3- charge state of the oligonucleotide dT6 that could be achi eved with
a peak resolution greater than 5000. An Ar-punped standing wavé H R ga
(Coherent), which was tuned to 350 nm was directed at the gap betmeen e
spray tip and the nozzle of the mass spectroneter, such that the sanple
spray would be fully exposed to the laser light to cleave the nass tag.
1002861 The nass tag | abel ed sanpl e was anal yzed by accumnul ating 30 scans
of 3 sqeeskssgur ati on. The chem cal noise in the pragsngpHCt r um was
deconvol.ved using the algorithnms.-of the current invention, |eaving the
nmass defBXAMPIBE| peaks (Figure 26). [002871 These deconvol ved peaks were

further 1] foMletMIEuMb@EdnjﬁSanabbmda&QBm%cl thd?ei r i sotope pairs using
the al gorithm ((Counts, Counts, " Br,

L+
Count s, "hY?‘“"VEBﬁ‘HHPId"(NHs?“‘Fﬁ% ?‘FQ?B‘“&‘B‘EF‘F?&W%?’B*"E{] %’eu\fl Bher mass peak was
repl aceqomsg]h Mt se(padingQiade) (Cax BARGTI, Schrompmmictinicatid GrBNANEar%esul t i ng

deconvolﬁg‘gagr e"@g‘%?&“@%h%g%bﬁ ﬂ?ﬁ&z@&ﬁh&@(&{#ﬁd&ﬂ)%@s tag region are

shown i e 1 sot ope series in the (3-Factor spectrum
(Figure pugByedyrge Sizma Alsich 131 st SyPplind. ABhydrows diprtIsHRRISE sot opi ¢ peak usi ng

al gor i t hpRs@RER%2bieY), KRRMA.(3-difethyinispiopyscabbfilnirbydreblodde t he Bi oSpec Dat a

o PR 208V DaPab it sl R BT 8 0T il s %

iIIustraﬁ;@Eedt he COI’IJ ugati on of a mass-defect |abel, the N
hydroxysg; LoD s 9RA Sas flp Brsmmsmdgrme n@emalml o horse

aponyoglobin (Mo (00289] Ci r a9 #A8673) ,
5- bronor??%@ﬂ”&# Wd % %yelg’ﬁé’ﬂ%g) %’f odecyl sulfate
(SDS) ( God bath s&:ﬁﬁﬁﬁ):qmﬂd)dhssm\@all(hsaﬂxd# mmwmmm%ed from

Si gma- Al ,ﬁy,ggal RGN0 05 hnviRida Yt b Oxi de  (DVBO)
(Cat # Zg‘géff?“fw 4rret r%?%% nogrogyl ) - car bodi i m de hydrochl ori de

(SO (C@FN&#IBQZ‘FS’U}S‘?‘“ ) were purchased from Pierce and
used as [mppluﬁwémmﬁmm&s%mn@fawm&%r epared in arm by

di ssol vi %2 05‘§ (m M@ﬁs solution. After cooling to ambient temperature, Myo
was diluted to 1.07 mg/mL in 80 mM sodium phosphate buffer, pH 7.0, containing final
concentrations of 1% (w/v) SDS and 6.4 M urea. Myo was labeled with NHS-5-BINA by
adding 0.353 mL (50 micromoles) NHS-5-BINA prepared as described above to 2 mL
(2.14 mg) of the denatured myoglobin. The sample was incubated overnight at ambient
teraperature in the dark. The sample was then extensively dialyzed with 50% (v/v)
aqueous acetic acid to remove urea and SDS, which has a deleterious effect on
electrospray mass spectral analysis. Loss of protein was evident during the extensive
dialysis but was not quantified. After the final dialysis, the sample was dried to
completion in a speed vac (Savant).

EXAMPLE 8
[00292] ‘This example illustrates the generation of sequencing mass spectral fragment
jon species from 5-BrNA labeled myoglobin by IMLS that are shifted from the periodic
chemical noise.
[00293] A sample was prepared for mass spectrometry by dissolving the dried 5-BrNA
labeled myoglobin in 0.1 mL of a 50% aqueous acetonitrile solution confaining 1% by
__volume.acetic acid._The Jabeled protein was.subjected to-in-source fragmentationim-an. . - s
electrospray-time-of-flight mass spectrometer (MarinerT™, PE Biosystems, Inc.) as
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52.7 nmg NHS, and 154.1 ng EDC in 0.657 nL DVMSO. The sanple was briefly
sonicated in a bath sonicatorto quickly dissolve all the soli qs lg')%g

m xture was i ncubated overnight at 4C Mass spectral analysis o$ 2005
resulting mxture indicated 93% conversion of the 5- BrNA into the NHS
ester (NHS-5-BrNA) by standard addition. [00291] Myo was denatured by
heating at 95C for 20 mn at a concentration of 5.35 ng/nL in 5% (W V)
aqueousySS«R@ Ution. After cooling to anbient tewpeustarser, Mo was
diluted to 1.07 ng/nL in 80 mM sodi um phosphate buffer, pH 7.0, containing
final dessibadnsdhadidenss. GO W3E8H Qck. 262800x nihe Masy sPeFtpMEisr seiles was | abel ed with

NHS- 5- Br NA..b ' . A RIRL& S i Be B prepared as
descr i BEHPE oveaﬁ?’gé@&#@%§?%s%£&%g;nméf atﬁg denlg%ﬁ;ﬁgqeﬂiray%gl obi n. The sanpl e
was i naserditzdetheypasntagieers ingructinsn TR tample gagafsed GEMOEN TR Har t The sanpl e was

then exfgm %@}iﬁbﬁt&&@é}é&&&ﬁnﬂo{u& #0B%e(f 1 MYminateotd: eesil wasaci d to renove

urea and SDS, whi ch has _a del etegious eff dSlfshs@spray mass spectral
anal ysﬁe'saﬂoﬂars‘%‘“ﬂﬁ“'ﬂiﬁ?}?‘?@i&ﬁ%%m@v%p gtﬁtwcéfﬁ?cﬁlﬁ%lattg e extensive dialysis but

Was Ned4s slinaitrangd of 60-2000 thass-tecdbagdunital  di al ysis,. the sanple was dried to
conpl ebi8R 1 N BuSRGRH ofiiak maY §odih) dala SAMWE LIEDevidea29Rd sidgh- s exanpl e

il lustrates the generation of _se@iuench% ﬂﬁﬂ?s ?ﬁe tral fragnment ion
speci echarged driypsioppie Ipbsljiss HmopAsgigrie B %4 S%Ph&t are shifted fromthe
per i 0Cipfroxifdldy0. Sainu Raheleh of pRRABIE dre parordthe peiodia chepcalpaieed f or mass
spectronetry b .d'ﬁﬁl{o@alytﬂﬁuﬁﬁé&dzgﬁﬁg]\dé,ﬁgcah,eslp@gtggryogl obinin 0.1 nL of
a 50%“3%%“&'%“%33‘! ontrile solution.containin 10(’?153%’8 .-.vol une
acet | canibortRbly theappepme phaderard Pt L9 QAUPR EPEEPR - TBur ce
s B e s e ADR 20aD o) 061661

riner OFE Bi qsyst e i .
PUNSM%W”wB%%%%{? TH ol neciites of _(\/0\3 00/ 63683, Oct: 26, 2000).
The megsvasperiectnpaicappradpadhylgknanpb ptundiprehirouee 201eP%t HE™ nst r unent was
N b e Ht HS R R ANUOUS LY Vi & & 50
pml. Iﬁ?‘gd’&ﬁpﬂ%ﬂﬁtﬁf ﬁ%@""%‘f“é"&f"?‘g?%?a‘% g\sé‘g%ﬁege a? ﬁ?a n‘rggplééhof Il Umn. The

nozz| erdraimgsddiofdienents thatsle notgxhitdgong mags dpfed) dume ML ce fragnent at'i on.
Spect rgnikfaaccunul ated and summed for 345 s in the range of 50-2000

TS, Lond BB b VRS ALl bl afi RS Spectral Gt
that correspond 1o fragment ions of the myoglobin N-terminus. The singly-charged 2, ion
doublet (glycine) is apparent at 212.97 and 214.96 m/z (Figure 30). Furthermore, a doublet
corresponding to the calculated masses of the d, ion (glycine-leucine) (284.05 and 286.05
m/z) is apparent (Figure 31). Thus, some sequencing ions are ggnerated. The generally low
abundance of sequencing ion peaks observed with this label is a result of the high intensity of
the ion generated of the label itself which is highly stabilized by conjugation of the label
carbonyl with the pydridyl ring (Figure 29). Asis obvious to those trained in the art, the
generation of this highly conjugated species will lead to preferential cleavage of the label
amide linkage over the protein amide backbone, teading to a loss of significant sequencing
jons. Therefore, it would be preferable to separate the label carbonyl from the aromatic ring

by one or more methylenes to make the label amide linkage of similar bond energy to that of

the protein amide backbone.



charged b-type ion of the |label itself (nonoisotopic mass 183.94) that is
shifted approximately 0.15 anu to the left of peaks that are drd APR t2965
periodi c chem cal noise appearing on a period of approximately | anu
(Figure 29). The identity of this peak is corroborated by the appearance
of a second peak (185.94) that is approximately 2 amu upstream of the
first peak, which corresponds to the | abel fragnent ion that incorporates
the higheseitess 1 sotope of bromine (s18r). The recHUSweHIntensities of
these two peaks are nearly equivalent, reflecting the approximately 1:1
nat ur akXaM#hBance of brom ne isotopes. Thus, the feasibility of generatlng

'babe' 9%@1'“CTM&&m&tlusm&%elcaﬁ@amwmaagdem&eméHct elements (e.g.
romn

ere) that can be_resol yed. . fromch gener at ed from
pr ot ei hrdrogygpreisimide (NILS) 86‘??]3{)%'%‘8“"6%’@@% ac'dﬁ%%a‘l(f‘bﬂ% O?Séxhl bit strong nass
def ect phmpbglobinMyjohl. S i s denpnstrated. [002951 The spectral data were
exam NihonC!  CYpUSRER (@l MBS ket b sk ke b tka cOT T espond to

fragne ons 0 nus. The S|n harged al ion
doubl eetss(pgheﬁcMme()scqp@mW)éﬁﬂ #é§672>1320'9w doecyl ikfate (5B )(ﬁf‘% (Fi gure 30).

Furth Gt @ead @Mbkﬁ&al)w uRSRE] Wb Bigriaca lirek amlaked s Mpitigd. nasses of the d2
ion (glycine-|euc 3 gnt (Figure 31).
Thus @'ﬂﬁ'g Pféde%ﬁﬁgo)e{?aet%ggsner’gf&’aﬂﬁath}elﬁgm% | ow abundance of
sequem&@m:@mymmm&%ﬂnﬂﬁ@)hawCcaﬁélﬂsq% of the high

i nt ensi Iag}%:an&:@&ds pegnerated of the | abel |tself whlch i's highly
stabilize y con I on_o rbon t e pydridyl ring

( Fi gurlBoz9g) W%a?"-{%ﬁ*‘gﬁggpﬁ? a?‘&@ Wm&fwﬁt he  generation of
this mlgmlygnaﬁ)gthM‘pemgﬂﬂsmﬂIZSWBQQ%ﬁbPMﬁi)i Fe | eavage of the

| abel ami de | i BkAGE 20K Hambil eliphhiie h i lagieMiackban@alydinadi ng to a | oss of

si gni fTCant sequenci I ons referable to separate
t he | ahespsulting BWMWWWW@“&?BH&‘{%CSO#&@M%%%% atg)(rﬁ 0%Dr e nmethyl enes to
make tdiyRe bohagdionavis Ghendai dotopletionafidiginstiNHS(7. DogldndBRE (RS m@dwethat of the protein
am de ggél.,?k “em%?? ﬂm%ﬁPRNEQQ&cM@AQ&m%lEm.M%m EXAVPLE 9

[ 0029 SC)E ustrates the conJ ugati on. of a nmass-defect | abel,

t he NMHWW%WW‘T’I%W‘E?FE‘P t8e W52 pyri dyl acetic acid
(5- Br - o2 mmwmnmmw@wmpw«mm}o@m 3-PAA (Cat #

13579) Was P L«gg ‘&%&ﬁ% MRbReS | 8o ADGk IvBRe in S supplied. Mo
(seque"ﬁl‘f?‘f’i‘d% a?“('&a Wsodl um dodecyl SPM 35§m£SDS) (Cat #

mM sodium phosphate buffer, pH 7.0, was added to the sample. NHS-5-Br-3 {

approx. 19 mM final concentration) was added to the denatured myoglobin. The sample was

incubated overnight at ambient temperature in the dark. The reaction mixture was spin

dialyzed against 25 mM Tris, pH 8.3 buffer containing 0.1% (w/v) SDS to remove urea and

NHS-5-Br-3-PAA reaction by-products. The final retentate (~0.6 mL) containing the labeled

rayoglobin was subjected to a chloroform extraction procedure to remove bound SDS

(Puchades et al. (1999), Rap. Comm. Mass. Spec. 13, 344-349). To the sample, 2.4 mL

methanol, 0.6 mL chloroform, and 1.8 mL water were added. The sample was mixed by

inverting the tube once. The sample was centrifuged (3743g, 20 min, ambient temperature)

to aid in phase separation, and most of the top layer was discarded. Methanol (1.8 mL) was

added to the remaining lower phase and the protein that had precipitated at the interface. The

tube was vortexed vigorously and the precipitated protein was pelleted by centrifugation

(3743g, 40 min, ambient temperature). The supematant was decanted and discarded and the
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L6026), and urea (Cat # U0631) were purchased from Si gma- Al dri f*lg aA].gR Lﬁ&d
as supplied. Anhydrous dimethyl sul foxide (DVMSO) (Cat # 20864)if

1- et hyl - 3- (3-di net hyl am nopropyl )- carbodiim de hydrochloride (EDC) (Cat #
22980) ), and NHS (Cat # 24500) were purchased from Pierce and used as
supplied. 1002981 The NHS-ester of 5-Br-3-PAA (NHS-5-Br-3-PAA) was prepared
in situ by dissolving 12.7 ng 5-Br-3-PAA, 7.4 ng NHS, and 12.5 ng EDC in
0.235 ndobMetdsy The m xture was incubated for 24 peetsoambsient tenperature
in the dark. Mass spectral analysis of the resulting m xture indicated 53%
conver &kmtmtemmeﬁmm&wMum@niamm B diiedilabpled MBt WaSe conver si on was

not near, ComRleld AMaR hhQRalsiR il FprfkoRRlinlidn 5 D) were  added

and |n5°f|"5%1eP oran spectral analysis of the resulting

M Xt ur @ Gakg/ak) was Mpasureddy BRY asspyusineRI At 2 pN9Ed i ndi cat ed 93% conversion of
the starting material. [00299] Myo was denatured by heating 1.89 ng in 0.54
L 5% vv/vE agueous SDS solution at 95C for 20 mn After cooling to

anbi en tur n. of...9 i : i phosphat e buffer,

pH 7. of“ﬂm é“i'sﬁge me“sﬁ(’fﬂle%(lﬁé{ Eﬂﬁ&%g‘%’ﬁg%éé@%c#? approx. 19 nM

final ﬂgmdmbfm!myom@da@d@dmlﬂél*Waeﬁﬂfaﬁfﬁrl’é’ﬁ“ﬁﬂfﬁl obin. The sanple was

' nCUbaﬂ.ﬁ&gﬂ’ﬁ%ﬁﬁeﬂQ&m@&m&%QﬁTGﬁ%&M&rhsﬂieich&dd&ﬁrk The reaction

m xture di al g%ged aegﬁu nst 25 m\/l Trh% 'ﬁ&i&‘% uf fer contai ni ng

0. 1% (#3981 S '%‘bd’Pé‘FFG reactl on by-products. The

final mwwma@nﬁm)mmmmongfmmabwwdemmﬁobu n was subj ected

to ac f %EEIE G %ggg;g@,,;ge M@&Hﬂﬁnm (Puchades et al.

(1999), "hg'g wc(gb tﬂeh&%@% 13, 344-3 E‘ﬂ . npte, 2.4 n

met hanbﬂloo&"'éa'% l&ﬁﬁﬁ‘f“(‘]‘?"ﬁ‘?‘ﬁf“ﬁﬁﬁgﬁ“ﬁ‘% r“"\% d'%ed The sanpl e was

m xed &ﬁmfoawmmmmehubmmwme’mw Rasslingngmeptisf uged (37438, 20
\%l ent . terrg&agﬁ% Sﬁaqmbmcm%ﬁsmﬁt&,g and nost of the top

Iayer ano

.0 the remai ni ng | ower

dde
phase ab:acmémpvsbfvewﬁaqmmh‘&&f @éi’ i \A?"é‘dm% % ¥4 nterface. The tube was
VOr t eXGbkeitieRilpRUSY witkitle THaBRqresia Phy @ hetifymast defert (Brrontpaihtlet ed by
centrif atl fd?’? }ve%%a%@g%;gﬂ%g%gﬁmrwﬂo mPe supernatant was

decant car 02/ 061661 PCT/ US01/ 49491 resi dual
pr ot ei ﬁBﬂMﬁlmva@) e eeepiting £ -hfc fleds hea grpessied RFUBRBR P HIES™ The dri ed. | abel ed
M0 Wagde shewiis B8 Bperdix, WitliheAra N-1dfalmybgiibineqoess &5-BricekAs aci d sol ution. The

protein nt ratl on rilg‘ EJFB R dmlay 1aksay using BSA as a
standa@dg %’éﬁ%ﬂf S exa fEIFe HEFust rsat es the use of the
aut ommmmwwmmawﬁe&mmww of b-ions. :

[00302] When the "sequencer” code is run to determine the sequence of the first five

residues, the sequence GLSDW, which yields a theoretical mass of 756.1993 overlaps
(Figure 33) the peak-corresponﬂing to the mass defect position of the sixth residue of the true
sequence (GLSDGE at 756.1840). This resuits in GLSDW being the top ranked sequence at
five residues. However, when "sequencer” is run through six residues the true sequence
GLSDGE becomes top ranked again because GLSDW fails to propagate a competing
sequence at the sixth residue. This shows the advantage of a cumulative probability

algorithm.

EXAMPLE 11
[00303] This example illustrates the synthesis of a generic mass-defect label that

mcoxporates a mass-defect ¢} element of this invention (i.e. , broming), an ionizable group Ge,
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al gorithms of this invention to find the N-term nal sequence of i %W@fﬁ
| abel ed nyogl obin fragnented in-source in an ESI-TOF nass spectro ‘ér
descri bed above. 1003011 The raw data used to generate the nass spectrum
is exported in ASCII format fromthe data acquisition system The natural
period of the chemcal noise is determined fromthis raw data using the
"deconvol ver" code shown in the appendix and is determned to be 1.000575
amu. Usy@abokfakss natural period the spectrumis basetrusvegpsfiout put file

*.bsl) to correct .for _instrunment_error, i is al s positive in M

(Fi gur@yridg)and B“&?é?ﬁaﬁ?yﬁﬁdeﬁﬁlﬁ%m’%fﬁ{m?cﬁ@ewmﬁ? %W’H‘E'f‘ 81\,\%7 ue in each 1.000575
anmu b|dbﬁ{édpﬁmad}edr&cmﬁarﬁdjnmgraqhofmpomfpodetnyothssqmwsa@thnstgem hr ough every data
poi nt ‘i?d%af%m?%mgﬂ?a&nohﬁmga;@dmﬁvemavm,&ﬂ; s subsequently

proces as’ a wa ual 1ty mass def ect
(Br- coq!mmranm@cwnﬂpm@smwwp %aclh'aeleAaalﬁlﬁ’em ng [s1Br] peak

1. 9979ﬁ440§ﬂ1b5¢?§605)eﬁ@cie5%5£%neﬁmahﬂﬂeﬁferéoﬁipﬁwce 32). The resulting

* bfc f1le is then_ processed il‘roucg gncter code shawn in the
appen ciliphaticfaromatis sperics Fanbe readily syprhesie SHPh LR ERe (5- Br- 3- PAA- GLSDGE)

bei ng ibrikable gpups ea1k oh), sabsudbien pletdats @Big HBro, hadafqoresuccmtyth@m dues. In this

exarrple code vvas I|mted search for the first charge state
by IEIARRER. [o

_of b-i®Nh uencer" code is run_to _determ ne the

sequerleBo4; AsorTplay bytgtexciyses BT eyt elpRi aneEbBEBE whi ch yiel ds a
theOL%&Heﬁaforﬂﬁﬁﬁbf 19&A75ﬁnﬂ(ﬁ9313@)\&u]hﬁ@ﬂefec(ﬁbegmlﬁmﬂ@;-pmldﬂ peak correspondi ng
to the mass true sequence

( GLSDE* ?@2@%#%)%@@5Hﬁgﬂé&%gggﬁ\/%%g%gmg{nﬁ%%op ranked sequence
at f|eﬂrendre§wmgﬂeOMWY%W%QEWJ“W@WWPH‘%W si x residues
the t rdifonfiftid 8@ tionilomedtal GRMMS inla®pkic salificadf @it thbézause GLSDW fails to
propa ate C et i spoedyenc at. the s I gms shows t he
advant gl?‘ %"M |veﬂg’ro E‘f)mfl?’{ea%d'%gﬁ%ﬁrﬁ& %@A LE 11 [003031 This
exarrplm:hla*M&@w@h‘vwwgeﬁﬂ'ﬂwmg’&a@mweﬁ&@dﬂef ect |abel that

| NCOr RAkeRl FeredPRisSw eﬁonefcombﬁm]walmbon (i e., bromne), an

i oni zabl e groug ? ]38"'%{ % r"’i “)11&)]9.%4“(}6 G&BPCT/ USQ / 49491

pyri dPrm |ng m)ley or attachnment to the
N-ter mmmmmmhﬂhansdwmwmmtybm@mﬁ@awl dh¢ no group of a

pol yp?&%}h Eaﬁh&%ﬁcﬂ@&b&ﬁmd:h&a&mlmdﬁmmﬂiya@ma hat succi nic

anhydr i and ost enS| b e | Vv react th nearly quantitative
ef fi cieasiderktotbefien %&F?‘a‘ge é‘Fﬁ""r%“ @ tﬁB’§ 'ifilvI ach et al., Anal. Chem

carboxyhic acid by standard oxidizing agents (e.g., Ag’), and the synthesis is completed by
cyclization and dehydration of the two generated carboxylic acid groups to form the desired
succininic anhydride detivative.

\

EXAMPLE 12 -
[00305] This example illustrates the use of mass defect labels in DNA sequencing

applications. The scheme presented (Figure 36) represents an exemplary sequéncing
technique using the method of Sanger; however, similar methodology could be applied to
other DNA sequencing strategies such as Maxam-Gilbert or PCR or other strategies known to
those skilled in the art.

[00306] An M13 plasmid carrying a cloned unknown DNA sequence (e.£.,
d(GTTACAGGAAAT)) is initially hybridized with an M13 origin of replication primer
(d(AGTCACGACGACG’I"I‘GT)rA) that is labeled at the 3' end wnth rA to make the pnmer
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S

72:40474057(2000)). It is clear to those skilled in the art that ,ofher
conparabl e aliphatic/aromatic species can be readily synthesi zed hAPR 200%
contain any conbi nation of ionizable groups (Al ....An), nass defect
elements (BlI.... Bn), and a core succinic anhydride reactive noiety (SA)
(Figure 34). 1003041 As an exenplary but not exclusive strategy, Figure 35
outlines an overall synthetic schene for a plausible [(A....An)-(BI....
Bn) - SA] woaseiddef ect | abel . 5-brono-3-pyridyl acetrcarvamrshe( Lancast er, Cat
#13579) is initially converted to the ethyl ester by reaction with ethanol

in the Qra3RERavEble BYRRAi(N t’%HDNA TechrdlogRE A ICottfvillbilons). The resul ting

ester is then a-brom nated reaction wth elenental bromne in a basic

sol uti o'ﬁ‘eé?“%dP‘HWF&dmﬂ?fiH@alfﬁ“d‘@Pﬁ%ﬁélmtw?ﬁ‘é’ef)rlﬂﬁ?"rfﬁ'feed a-carbon is then
sel ect i yBimirkeS @TTRAGTP, aian@&mwcpu&mrmmpm@ie\aem and SUGTP*as

tetrahydrofuran with the or ocu rous rorm‘acet al dehyde
di met hy(Figee dTB) ayecadiqd a?@“’\ﬁﬁp ?gﬁ% #B?WQ%P"(I&%

commer (Hd@i'b’yﬁi:fgm%lﬂ@lheddml{mg\ﬁeim)dﬁw&e Themédified divERsatownAl dri ch, Cat
#24250Q) _w t |th|umtofo mthe  or ﬁollthld?g C|e I at i's converted

into t ARFigwEATA-D FRexpmelay TEHRTe '8y product is treated
W t h aqugoMenistpit DNA ProbeDechridves, asmtlahic PesscNew Aok (1992 Beller.e t he ester back

to the h a d he correspondin

car boxﬁ#@gmwtm%%ksgxm ﬁ?ﬂléq@rﬁ@g% %ﬁeoi“ ,tsand t he sSnt hesigs

is g 0 nmlio@é skilledd jn thecans mamyadtheomodificit W@Wﬁplamwlmn@heg pmeg!ﬁh Sr ag ed

car boxyl I ¢ .ac i ride

deri va¥’ %M@%ﬁ@%ﬂe ﬁﬁ%ﬁgﬂg@é&&? # ust rugtagasr&?hg use of nass

def ect moﬁmmm&fmm@mgﬁwﬂ%mmmmmm’é°§1ttherre presented (Figure

36) reg&,ﬁﬁ&% gﬁe% itz A% MR DN AblynleRdsd HaG ﬁdoﬂﬂmtehe met hod of
owever, simlar

Sanger net hodol ogy coul d be appli e% ot her DNA
sequenmtmﬁewm@gwtsm%‘%RW@%%%‘W‘”B’P“F’@? Yot her strategies

known §aubatibiPst 87°€K Mdsedderd by bmaaaﬂnaammampamdmarryu ng a

cl'oned .unknown sequenq nitially
hybr i dfcRatragipn 'H‘d q'taep‘f“%gg ﬁ%’&& the chai
( d( AGT fehtitrited prbefnot ol the A)nprateahdﬁmﬂmlpﬂmmhabmueeelemv&énumﬁh rA to make the

pr i mar ﬁ‘["‘lg‘f‘ﬁ‘% %&%g%%g" e WWE 10 H,]gel y cleavabl e by
ogi es, Inc al vi | The reaction

voI u rrebufff:r ehdfloshedn i ESEIOF mestspeqtanisterin pegativedon merde; Maksl n one t ube,

corresponding to a series of multiply-charged ions for each fragment are deconvolved

using standard algorithms supplied by the instrument manufacturer (Applied Biosystems)

10 generatc spectra containing only the zero-charge masses. The zero-charge spectra are

subsequently centroided also using the instrument supplier’s algorithms.

[00307]) The mass spectral data are analyzed as follows. The spectrum from the ddA*-

and ddG*-containing sample is deconvolved and chemical noise is eliminated, leaving

only peaks that have incorporated bromine or iodine atoms (Figure 38). The spectrum

from the ddT*- and ddC*-containing sample is similarly treated (Figure 39). Looking at

both deconvolved spectra, the highest mass fragment is found (4114.733) in the

ddA*/ddG* spectrom (Figure 38). It can be further deduced that this fragment contains an

iodine mass element as there is no isotopic pair; therefore, the last nucleotide in the
*unknown" sequence is A. The mass fragment with the next lower mass is a doublet at

- -3695:611-and 3697-609 which is found in the ddT*/ddC* spectrum (Figure 39). The "~
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pol ymerase, dNTPs, dGIP, and nmass-defect-| abel ed ddATP* (Fi gur g §7@pRag@§
ddGTP* (Figure 37B) are added. To the other tube, polynerase,

mass- def ect -1 abel ed ddATP* (Figure 37C) and ddCTP* (Figure 37D) are added.
The nodi fied ddNTPs shown in Figure 37A-D are exenplary and are prepared
according to standard procedures (Kricka, LL, "Nonisotopic DNA Probe
Techni ques, " Academ c Press, New York (1992); Keller, dL and Manak, MM,
"DNA PrwéesostesiSt ockt on, New York (1989)). As is obeT/osm/seel t hose skilled
in the art, many other nodified ddNTPs are pl ausi bl e containing purine and
pyrim dioﬁﬂetlimﬁx:assnd@rpombn afecbronind eiopa sd, thefefre, theaprdmudlestidtipes and separ at ed
by a | ass nt_of . #équ r ngt hs and/ or
corrpos;aié'qu(‘.’S‘i’{l mee Olretrlr(;;% mcessm r%ér%nrﬁ;{;%st ﬂh&f ﬁ'latrﬁg&af%l:egognl zed by the DNA
pol yersinglet alcat @mswmnhmidﬁ'p’dd@'t spebtruin nommméngmmfwg ¢ Eadletsent . DNA
replicati on..an itiated by incubation at 37C. Mass

| adder s are: prgﬁéﬁﬁﬁéﬁgﬁeﬁtﬁdﬁgtl on with the ddNTPs. A denaturation
and cl eavage step with RNAse at the end of the reaction renoves. the chain-
term nated product fromthe tenplate and frees the priner that can be
selectively renoved by hybridization. The DNA fragnents are dissolved in a
mass spectroneter-conpatible buffer and flown in an ESI-TOF mass
spectroneter in negative ion node. The peaks corresponding to a series of
mul tiply-charged ions for each fragnent are deconvol ved using standard

al gorithns supplied by the instrument manufacturer (Applied Biosystens) to
generate spectra containing only the zero-charge nasses. The zero-charge
spectra are subsequently centroided al so using the instrunent supplier's
al gorithnms. [00307] The nmass spectral data are analyzed as follows. The
spectrum fromthe ddA*- and ddG-contai ni ng sanple is deconvol ved and

chem cal noise is elimnated, |leaving only peaks that have incorporated
brom ne or iodine atonms (Figure 38). The spectrum fromthe ddT*- and
ddCtcontaining sanple is simlarly treated (Figure 39). Looking at both
deconvol ved spectra, the highest mass fragnment is found (4114.733) in the
ddA*/ ddG* spectrum (Figure 38). It can be further deduced that this
fragnent contains an iodine nmass elenent as there is no isotopic pair;
therefore, the last nucleotide in the "unknown" sequence is A The nass
fragment with the next |ower mass is a doubl et at

3695: 61- 1- and- 3697. 609-whi ch-is found in the ddT*/ddC* spectrum(Fl gure
39). The 89 APR 2095 WD 02/ 061661 PCT/ US01/ 49491 doubl et indicates
incorporation of a brom ne atom and, therefore, the next nucleotide in

90



the sequence is T. This process is repeated until the |ast peak is found,
inthis case, a singlet peak at 748.1850 in the ddT*/ddC* spectrgn’APR 2005
correspondi ng, therefore, to C. Thus, the sequence ATTTCCTGIAA

determ ned, and 90 1 9 APR 2005 WO 02/ 061661 PCT/ USOL/ 49491 when rever sed
and the nucl eotide conpl enents are substituted, the "unknown" sequence
GTTACAGGAAAT i s determ ned. [000308) In this exanple, a DNA segnment of
appr oxi welgbessff 000 MV i s sequenced which is W|th| n the speci fications for
this invention. Since the ability to distinguish ect species

i ncor por awhwgewmdafnmmg&m%gi@da&, Ak &,95 over 5000, larger

DNA segneghsnde g&m [e ented here can be sequenced by either
usi ng norégqnaslstﬁg‘}\?e € e the term nating ddNTPs, or,

al ternat i 83951  Enshisexample, 2 DN sepein othppioxitainely 4000 MW R Geqinbad®! - " Wth the
"rolling. pityTeWithid B PREcatidns TR i enuOﬁegi%%eaﬁL%Eode sg%s red DNA to be

sequenced |s %lgt ai hed- usi ng- t he above proce new pri-nmer is nmade
fromthis™ W@gﬁae%h@qqu{@ﬂs@sfwnnmagmlmﬁ@m he |arger DNA

st rand. Ilwg@wAecmhm&Mtﬁdm&ﬁpwpmﬁdn&amaﬁ ,%I d end-to-end to
LE: I3 [00309] In this exanple

reveal tfiges GO nknown.
we use the magrgﬂlgs?a Jl#e F%teée"ﬁf‘“"g%%%a‘mé d¥usisgovi ne ubi quitin
(Si gma- Al °E,hﬁ7°f"!9b1"ﬂmﬁwf vv&éthﬂubellwprim"meho@awr ocedure described

above fomemgfﬁ%ﬁrwpngme m%cflfs F%L@p el ing step was conducted in
100% di mgf, ;an OXI d The | abel ed ubi trn's was prepared and
i nt roduce to"an - @%ﬁ&%e?‘amw%eqmm above. The

resultin Wmthmmmmammamsﬁnuemee@ﬁ descri bed

descri bethe sdqitdebbPthe dilifownDAR_ UbQuUi tin N-term nal sequence (MJ PVI{, obtained
from GenBank) was correctly determ ned when "sequencer” was run to two,
three, and four residues. The correct sequence ranked second out of 19

conpet i NEXAMBEERY | ities at the first residue. The correct sequence was

al so ra”MﬁeﬁQﬂﬁex%ﬂeWsE@méLdJﬁQﬁaﬁl é_tﬂ;apgi due 00311] This
applicatjion i.s al ﬁg rel ated_t o co-pendi Application Seri al

No. (At tSyReshiquia é’hmﬂewmmmemm on October 19, 2001,
by the s‘&mbﬂﬂhMeformmhblmremﬁattheﬁotaﬁabdhﬁﬁtdp%coﬂ&h@te@ﬂt't'ed "Mass Def ect

100% dimethylsulfoxide. The labeled ubilquitin sample was prepared and introduced
A to an ESI-TOF mass spectrometer as described above. The resuiting mass spectrum

was deconvolved and sequenced as described described.

{00310]  The true ubquitin N-terminal sequence (MQIFVK, obtained from GenBank)
was correctly determined when “sequencer” was run to two, three, and four residues.
The correct sequence ranked second out of 19 competing possibilities at the first
residue. The correct sequence was also ranked second (to MQIFR) at t;he fifth residue.
[00311] This application is also related to co-pending U.S. Patent Application Serial
No. (Attorney Docket No.. 20444-000800US/PCT), filed on October
19, 2001, by the same three inventors as this application, and entitled “Mass Defect
Labelling for Determination of Oligomc; Sequences”, and this co-pending application
is hereby incorporated herein by reference in its entirety for all purposes.
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Labelling for Determ nation of Oigonmes Sequences", and this co-pendin
application is hereby incorporated herein by reference in its prtifARR gﬁﬁﬁor
all purposes. 91 .i 9 APR 2005. WHAT IS CLAIMED IS: 1 1. A machine

i npl enented net hod for deriving a sequence of at |east a portion of 2 an
ol igomer froma nmass spectrumdata of fragments of said oligoner, said

met hod 3 conprising: 4 calculating a set of mass/charge (nmfz) values for

mnomrm@%mﬁ% 5 producing a cal cul ated set of nass/charge
(mz) v : i1 ng an abundance val ue from said mass spectrum data
for each (mz 7 value in said calculated set, thereby produci g)g a
plurality of spbuscdasteplvatitedmetioddbroderiringrgseguétioe of atrlgask p RPTOBM ed on sai d

plurality of abundance val ues, for ch ence f ragnent
sequénc s ohigomagiremeaj pags SPﬁ?HB@r‘I%af OM%‘%%%@ oggf)%lg{’ 5@92‘3&%&% econd

ranki3ng,00%ﬁ§ﬂ on said plurality of abundance values, for 11 each sequence
of a“set 0 rggnent sequences having a second nunber of nopongrs; 12
cal cyl ati ng aakubtihgt setefnmsichgge (alzkrlen fonmanemerseqyenses tBHE%ai d second

13 ranking, for each s epce of a set of fragnent sequences having at
| east sAPHECEER cu?a&e‘ﬁ%ﬁﬁg?’aﬁ%hﬁ%g%zrgyalﬂész A nethod as in claim1l

wher gi n said c%{e&ﬁﬁﬂi?g arl SHuB8ARS Wee e fias spectniin dhtia doruach éuiz) de,
e

ol i gosacchari i pid, and polyner of synthetic I?éé in. 1 3. Anethod as

in clai mammw&hdcslated splothierebpi Perdus g Iﬂ}niab‘ﬁ’n‘éfrab 25Ce }éfflﬂ?shal_ 2 portion
Po o3 d por t eaputagngd 5o kiG St o tafd sl FABLRIRCvARclor oBlAl t ached

to s&id porti as inc rein said | abel is
covalgentdeydieRdesisd of fagem|stgenes halingri fost tumbgentmandmerssai d nass

spectrum data and wherein said Sss spectrymgdata |s transfo d froman
out p@t of a @@@1@%&&?@@6@4@@%%6%’9%‘& pigraﬁﬁ °€f|ah\“h‘f)a%"%ag?eér %’rlrgai d

ol i gﬁgﬁ[eg!:ﬁ s%%%%%%gt cﬂ?ﬁ(f%ﬂleh{ sl%gﬁéhcgs hAGHES Secdh & s@EbadfaRbbmegigner at e

fra o rrsing said-port which are then 3 accelerated toward a
det got or pl atealcultige enmutisaraikingsbassp en said dirsfaeng and said sacofck hod as in

claim3 wherein sajd oligomer [s.fra nted t i, nts;
conpBi siTARKIBSifar 56 F?‘B‘ﬁ?gﬁsgjf?fé%ﬁngegp%qélﬁ%% ggﬁﬁgﬁﬁﬁ%ﬁgaalgégﬁ)gra ated toward
3 a et eff¥er BF @borh&sgenerate said nmass spectrum data.

I 2. A method as in claim 1 wherein said oligomer is selected from protein,

2 oligonucleotide, oligosaccharide, lipid, and polymer of synthetic origin.

1 3. A method as in claim 1 wherein said portion of said oligomer is a terminal

2 portion of said oligomer.
1 4 A method as in claim 3 wherein a label is attached to said portion.

1 5. A method as in claim 4 wherein said label is covalently bonded to said oligomer
2 prior to generating said mass spectrum data and wherein said mass spectrum data is

3 transformed from an output of a detector plate.

1 6. A method as in claim 5 wherein said oligomer is fragmented by collision-
2 induced dissociation to generate fragments, comprising said portion, which are then

3 accelerated toward a detector plate to gencrate said mass spectrum data.

1 7 A method as in claim 3 wherein said oligomer is fragmented to generate

2 fragments; comprising said portion, wherein said fragments are then accelerated toward

3 adetector plate to generate said mass spectrum data.
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92 1 9 APR 2005 1 8. A nethod as in claim2 wherein said oligoner is
isolated fromother oligoners 2 extracted froma sanple and wherein said
machi ne which inplenments said method 3 conprises a digital proc?ag&]siAW EH%
system whi ch executes conputer programmng 4 instructions. 1 9. A nmachine
i npl enented nethod for deriving a sequence of at |east a portion of 2 an
ol igoner froma nmass spectrum data, said nethod conprising: 3 calculating a

set pf gass/ ﬁhﬁé‘[ﬁf’d %ﬂf&) M3 WESeih QFid BHROMES isSetuted from @batvlighmers whi ch
conprises a nass [ abe tahereby_prpduci ng a cal cu| ated set o% Lﬂgss/charge
(M 22) efracakidan aGardpic endrivherein said mbeanbichimpleaentsoridiaeiotass spectra

data_for each nmlz value in said .gal ¢ produci ng a
pl urali F?anseéﬂlﬁliﬁi@ﬁ?é?c‘?ﬁéﬁnﬁégﬁw% Wé'é(f culva t?%lgoqnaﬁ’ﬁ |érrpsr¥)£ r anglﬁ%g, based on said
plurali h%trﬁgﬁoﬁp_undance val ues, for each 9 sequence of a set of nononer

sequences having a first nunber of nononers. 1 10. A nmethod as in claim?9

wherein said oligoner is selected fromprotein, 2 iioI il%lopucl ot i de,
ol i gbsabchar Adeachiniegmplensgntpdgpethosfor deriuips pReReRco Pt Filkst 4P &Y et hod as

in claim9.wherein sai | .k SsoWineh is different 2 than a
massiof an, QligPIcy ﬁ%?g’agr%%%ﬁt@?‘h??\!ﬁﬁ?‘gﬁlg%@f rlionorgrer sequences. 1 12. A
met hpd as i Negb@higda s 6f Bhss/chaiod (mis svdladsdbr inpemerssequenseyeash s s

signature 2 to each sequence of sajd.set of one 13. A
et hod abidheopipaises magdaes thesshy promicinec e wlale] & %%ﬁ“agsq%h%?@ﬁgﬁz %f said 2
olig rrer?lul_14. A method as in claim13 wherein said nmass | abel is

y

coval entV“bBonded to said 2 terninal portion prior to generating said mass

specg r ugedahiainganbundinnevilodfram seid rohssispecia EPRFIBZ I BOMEr i s
fragnented in_a mass, 2 spectroneter. t ener agnents, conprising said
por t 7 oncalgypisd sgfy e’EeI]‘f&l?r%@@é‘E@rﬁ't‘rggtyOgagomrgégalﬁéesf ector plate to generate
sai dg MBSS SpeALiWRLRtiAL rahkib; baedBh bad phsality of aimiadd: viessefon eaci d
oligoner is isolated fromother oligonmers., 2 extracted froma sanple and
wher i n sepicocene@rtene’ mpnagherispgileasrsheEing s fis OHHIOROYERPR 2005 3
conprises a digital processing system which executes conputer progranm ng
1 10. A method as in claim 9 wherein said oligomer is selected from protein,

2 oligonucleotide, oligosaccharide, lipid, and polymer of synthetic origin.

1 11 A method as in claim 9 wherein said mass labe] has a mass which is different

2 than a mass of each possible monomer in said set of monomer sequences.

1 12 A method as in claim 9 wherein said mass label imparts a unique mass signature

2 to each sequence of said set of monomer sequences.

1 13. A method as in claim 9 wherein said portion is a terminal portion of said

2 oligomer.

i 14. A method as in claim 13 wherein said mass label is covalently bonded to said

2 terminal portion prior to generating said mass spectrum data.

1 15. A method as in claim 14 wherein said oligomer is fragmented in a mass
2 spectrometer to generate fragments, comprising said portion, which are then accelerated

3 toward a detector plate to generate said mass spectrum data.

1 16. A method as in claim 16 wherein said oligomer is isolated from other oligomers

2 exiracted from a sample and wherein said machine which implements said method
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4 instructions. 1 17. A nethod as in claim2 wherein said nethod is
performed for each oligonmer in 2 a set of oligoners extracted fqognfgp 005
bi ol ogi cal material and wherein said set of 3 oligoners is nore than 1%(?
different oligoners. 1 18. A nethod as in claim 10 wherein said nethod is
performed for each oligomer in 2 a set of oligomers extracted froma

bi ol qgi cal i & gﬂfg L3 nS@hidh $84cus c8nPlicg progianmingnor e t han 100
di ffgrer?f)mgﬁlgégsgan%giélwﬁf . Aspy'snachi ne readabl em@madi um cont ai ni ng execut abl e
conpyt ernngwfuegsm 2 i nstructions, which when executed by a processing system

cause sai d processing system 3 to performa nethod for deriving a sequence

of at least a portion, of an,oligoner. fr bBedthdt idata, said
met hdd ddnpr iAPREedss inglaig) 470G 1%sa§%{ne§1$dﬁsag%fcﬁa§gfe %z?gval ues for

m)noger ass%gy@l@%ﬁlehf&m&m B4 Bidlipidatmateeial aud whereinseid sef ofrass/ char ge (nl z
) values; et'erm ni ng an abundance val ue from said nmass spectrum data for

each 3( matgom8rsvisinees than 60 diffsedné oligareisset , thereby producing a plurality
of abundance val ues; 9 calculating a first ranking, based on said plurality

of aﬁ;”g nce VaHES: L0050 0w IRiP e ARABAN pdictRied 86 dubRanBSHhersaquences

havi irﬁmr‘? mononers,; 11 calculating a second ranking, based
on sai d JletsBdlidowheds cxlacted foaea bialagis] matrial gl whohinsegiehel of a set of

fragment sequences having a econF nunber of nononers; 13 calculating a
currul3atid@OMﬁMBﬁ@Fe%%égogﬁf%%tﬂlg‘?‘P?ﬁ rang and said second 14 ranki ng,

for each sequence of a set of fragnment sequences having at |east said

second (b5 nuﬂgﬁ'& AL (B Reqiund caflainfgrBrediitatte caapadl wogmdi um as in claim
i o‘|1| g I %

19 wherei'n sa onmer Is selected fromprotein, oligonucleotide,

ol i g@sadasarctiohss, whighi whenarrdoyed Yyre PrasessigRYBERY QU $4ff ArocqSSBE SYRCMachi ne
readabl e nmedi um as i | ai m.20_wher ej ' E o0 SRbother &ofd 4 goner is
a tePm ﬁame%m ?8}?05{& fféﬁ&ﬂ”&ﬁg %%er@re.éel%%gl.egs,&%%%ﬁ% rea%gbleé medi um as in
cl ai mp 214, 1aQp&IHA i iARShid Hethbd ashpdsihg said 2 portion. 94 1 9 APR 2005 1
23. A machi ne readabl e nedi um as iEmFI [ wherein said |

2 bel, i
covalsent|y Xalsotetiog atset ofanass/sbires Zb?’I?‘IE}nPS %’6 n&é‘ﬂ@rﬁﬁf‘?qﬁﬁms‘?g?htf?e#gls: spect rum

idgt g 1 pzrgduc'ia‘ngn?ga%qute& SA42 RS/ ORALM MRS vhRes! @l M 23 wherein said ol i gomer
7 determining an abundance value from said mass spectrum data for each (m/z)

8  value in said calculated set, thereby producing a plurality of abundance values;

9 calculating a first ranking, based on said plurality of abundance values, for each
10 sequence of a set of fragment sequences having a first number of monomers;
11 calculating a second ranking, based on said plurality of abundance values, for
12 each sequence of a set of fragment sequences having a second number of monomers;
13 calculating a cumulative ranking, based on said first rang and said second

14  ranking, for each sequence of a set of fragment sequences having at least said second

15 number of monomers.

i 20. A machine readable medium as in claim 19 wherein said oligomer is selected

2 from protein, oligonucleotide, oligosaccharide, lipid, and polymer of synthetic origin.

1 21. A machine readable medium as in claim 20 wherein said portion of said

2 oligomer is a terminal portion of said oligomer.

i 22, A machine readable medium as in claim 21 wherein a label is attached to said

2 portion.
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2 fragnented to generate fragnents, conprising said portion, which are then
accelerated 3 toward a detector plate to generate said mass speg'ﬁ]%um)igag%%
1 25. A machine readable mediumas in claim?21 wherein said olig rév) i
fragnented to generate fragnments, conprising said portion, where are then
accelerated 3 toward a detector plate to generate said nass spectrum data.
1 26. A machi ne readable nmediumas in claim20 wherein said oligoner is

| sol p egd; 2 fr@&@hﬂ{eﬁ%{ldaeieirﬁ&ﬁﬁh%s%élai@sgmhéfemm@ Rbeips eovaledtlpher ei n sai d
machi ne“whi cﬁ I'npl'enents said nmethod conprises a digital processing
system wshiadet t@x:&@pbleimpﬁontwrgaucreﬁngﬁwbﬂﬁﬁ&ﬁmgmﬁﬁgﬁaucti ons. 1 27. A machine
readabl e nedi um cont ai ni ng execut abl e conputer program 2 instructions,

whi ch when executed on rocessi ng s : B8l essing system 3
to pkrfétm a‘yz‘n‘Ei‘ ‘F%qa%lfperp?cﬁ\nﬁéisé&%%ﬁgﬁc@gg%w gdtl&?%%snfg rgscporti on of an

ol i gL b oM. dto AnBRESHERRSIS, bbmpAdiag sadpdrtives Whidh enrher wicplgratsl

cal cul ating a set of mass/charge (nfz) values for nononmer sequences each of
6 whi chioompeidsestonpltesie geegdsate smﬁ@paéw%%’au%%g a cal cul ated set of
mass/charge (nmz ) 7 values; 8 determ ning an abundance val ue from said
mass. spgetra data.fo AR LN Elain? 21 WwreAidlseidbBgdndréd set, thereby
prodhci 25 a 6‘1ﬂ?%l?et%a%??%gaﬁggnagéyglging%gI;%VH%Q cal culgae"ti ng a first ranking,
basegl Ofagihte®toigaktaty/ rafmainndmpusing sdidpertionowhers &r then accgletlétte of a set
of nonomer sequences having a first nurrbirg_‘ oé Jmononers. 1 28. A machi ne

r eadabl eowsdpgdaies®r PRicgeRsate Saifdress PSR G gomer is selected 2 from
protein, oligonucleotide, oligosaccharide, |ipid, and polyner of synthetic
or i 9}1 N. 2% 295 ARGl EREdReasTR diaimasvlicrein baiil nlig@netiefselatedsai d mass

| abel has  a mass 2 ichis different than a. nmass of .eacﬂ. ossi bl e nmononer
i n sai dfoat othér aﬁmme)@ras@é@@ﬁt@%@mlﬁsa@qwberﬂmag)@%c}ﬂn%ﬁ YA machi ne

r eadabl e di um in,claim?2 - e L lab&l e ts a 2 uni que
mass? si gﬁH‘reBtstsgi%éﬁe[L}hoi%Od%hsgsex\@%@gﬂaé%gggg?ﬁ fr?r%lr‘{%ﬁer sequences. 1 31. A

machine cB&ﬁQ@Pb&g’f@dﬂﬂ@iﬂﬁmbﬁo@l aim 28 wherein said portion is a term nal
2 portion of said oligoner. 1 32. A machine readable nmediumas in claim31l

T e ine Db bS5y SRt SRR LRl G el porton

2 instructions, which when executed on a processing system cause said processing system

3 to perform a method for deriving a sequence of at least a portion of an oligomer from a
4  mass spectrum data, said method comprising:
5 calculating a set of mass/charge (m/z ) values for monomer sequences each of
6  which comprises a mass label thereby producing a calculated set of mass/charge (m/z )
7  values;
8 determining an abundance value from said mass specira data for each m/z value
9 in said calculated set, thereby producing a plurality of abundance values;

10 calculating a first ranking, based on said plurality of abundance values, for each

11  sequence of a set of monomer sequences having a first number of monomers.

1 28. A machine readable medium as in claim 27 wherein said oligomer is sclected

2 from protein, oligonucleotide, oligosaccharide, lipid, and polymer of synthetic origin.

1 29. A machine readable medium as in claim 28 wherein said mass label has a mass

9 which is different than a mass of each possible monomer in said set of monomer

3  sequences.
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1 33. A machine readable nmediumas in claim32 wherein said oligpner zﬂs 2
fragnmented in a nmass spectroneter to generate fragnents, conpri Si g’ﬂsjj 4003
portion, 3 which are then accelerated toward a detector plate to generate
said mass spectrumdata. 1 34. A machine readable nmediumas in claim 34
wherein said oligoner is isolated 2 fromother oligoners extracted froma
sanpl e and wherein said machine which 3 inplenents said nethod conprises a
di gi {al ;procgss] ki Eldin© 38 wheidid BiasPiabe impaitsg

[ nst;uc??‘onsgﬁé%&fgaﬂﬁ?h%ﬁ@eﬁggbl e mediumas in claim20 wherein said
met hpd usiqpefdasy sightur? td eachseqiened ¢igeiveset pimanayeer s§AUBLFyoner ext ract ed
froma biological material and wherein 3 said set of oligoners is nore

than_ 100 different oli rs,. 1 : e, negidi@as in claim
28 wher éln s&W %Sﬁ&%gflﬂg?l%a%g%ngwhggeéigg??g%ﬁngrl in a set of

ol i g@neﬁ)gnﬁ}gtorfgﬁg%g §h&m a biological material and 3 wherein said set of
oligoners Is nore t%an 100 different oligonmers. 1 37. A nethod for

processing noi se in a mass spectruym datg of, a.fra mantﬁg 1.2 ol i goner, said
met hbd 82npr Asipgrinereadabls medilpgsan slapa oL Shemip EEAHEPE BBl ock of noise in
a mgs spect Iy ' i R0 36 S&leStibishil thiss gpEiiusn ddta.an

olig rreFg‘fagerﬁlyggé)ﬂg%ﬁgrs;ﬁldgg@f@ r?t}%lrlgaird guﬁst atr%tsi ally periodic block of

noi se from said mass spectrumdata. 1 38. A nethod as in claim 37 wherein
sai d] ol BgONEA machisd eadable fedinmpsan elahm 32 vhsrdin it Oligoneide,

ol i gosaccharide, l|ipid, and polyner of nt.het | ko 0. A nmet hod as
in clai ﬁagﬁle’(ﬁﬁ‘z e Wagsdffpﬁ"tﬁ‘?rﬁ‘?t@i% %ﬁeerﬁtgﬁ&%‘ﬁ%‘%& éogngﬁégﬁltgée%lmlﬁm’z col i sion

i nduged g 550¢ itlﬁ:hiae&ler%d 10WardRReR9RB plale ¥Qendarahhidaaspestrunt datan 39
wherein a nmass [abel is attached to said oligonmer on a 2 termnal portion
of said oligonmer. 1 41. A nethod as jn c¢lai.m40 eiiei n said aﬁl igoner is
fragirenBdd afi maching wageblemediumpsdp clain ¢ deprn sgig o EPTgeT I8 Psplates portion. 1
42. t hod, as in clai ' Lol IRSSirsReChhthd@hrhi S obt ai ned
fro ag%"?l ?tﬁers%lﬁoglgrsﬁ%ﬂﬁgéég\#éﬁ%%?%? and wher ei n sai d ol i goner is

r andgn ymplea@aBRbiddnéthod eommpriss i digaliprocesvag sygpaortighetespics 1 43, A net hod

as in claim4l wherein said substantially periodic block of noise is 2
subs#antcPEPHigT PIOSERERBEAPSIBICUPRS e

1 35, A machine readable medium as in claim 20 wherein said method is performed
2 for each oligomer in a set of oligomer extracted from a biological material and wherein

3 said set of oligomers is more than 100 different oligomers.

1  36. A machine readable medium as in claim 28 wherein said method is performed
2 for each oligomer in a set of oligomers extracted from a biological material and

3 wherein said set of oligomers is more than 100 different oligomers.

37. A method for processing noise in a mass spectrum data of a fragmented

oligomer, said method comprising:

determining a substantially periodic block of noise in a mass spectrum data

generated from accelerating fragments of an oligomer to a detector;

L W N

filtering said substantially periodic block of noise from said mass spectrum data.

38 A method as in claim 37 wherein said oligomer is selected from protein,

[a—

2 oligonucleotide, oligosaccharide, lipid, and polymer of synthetic origin.

1 5. A method as in claim 38 wherein said protein is randomly fragmented with

2 collision induced dissociation.
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1 44. A nmethod as in claimd4l wherein said nmass spectrum dat a, a%ﬁﬁ’ sai d
filtering, is 2 used to identify nononer sequence of said olido PR 12085.
A nmethod as in claim44 wherein said nononer sequence is identified by 2
determ ni ng nononer sequence of said termnal oligomer. 1 46. A nethod as
in claim4l wherein said nass |abel is covalently bonded to said 2
termnal oligoner. 1 47. A nethod as in claim4l wherein said oligoner is

i sol ateg,f romhrﬁétﬁgﬁa | ARFETSwhetciR alhas 14d] fsatrirdho edidgligahersarpl e and
wherei n a nachi ne, Ich inplenents said 3 nethod, conprises a digital

pr ocess tengimy poreion whsadh okganart es conputer progranmming 4 instructions. 1
48. A nethod as in claim47 wherein over 100 oligoners are extracted from
said, 2 biolqgical, sample L: t I.S: ai€a@ks of said 100
ol i gbrref‘i—. 13’4'9?t%53\d %Wi%%@?w%gklgrsgnﬁn@%gmgggﬁ%&%@fe@%ﬁ% fa)l% | east one

por t § oniff RAnMHg&TRid cBnfvabportiess spectrum data, said method conpri sing:
3 reading nmass spectrumdata 1n a first reading operation froma

non-vol atile 4 storage device to a tenporary volatile, cac ry to

obt ai n 4Bundénwethodpiiasclam 4 Whef%tsaﬁfr}gﬁaég‘%/%“@ %é% gs/oé}ﬁ%?e'éﬁff‘%%) val ues
fromsaid te I ' ERe IR BlidbmeR i PREdsialyClideatdnngl ihisnigt

abun an%soﬁ%@%ﬁggﬁd@b@%gﬁ?gﬁabundancegbval ues; 97 1 9 APR 2005 7 reading
sai d3 mgss@peahisdRpetadbomeien. a second readi ng operation, following said 8
first reading operation, fromsaid tenporary volatile cache nenory to
obtain said 9 abundance .val yes, at. sai f Il A ¥k wes, and

det et mi APng é’i“ﬁ%‘R&ﬁfﬁn o W&ﬁe%lnsalsdgslug&g%t%r%l&rg)%?g&va?oues, "For each

sequence, RianfaifindepedOn@TRImeS equences having a 11 first nunmber of
m)no?rer sl.1 1an58§}?5\1 erl}st hod as in claim49 wherein said oligoner is selected

fromprotein, 2 oligonucleotide, oligosaccharid lipid.. .pol.ymer of
synt het #4. or iAginathod agin laimet hiyhergn 2 ‘E‘f‘%isﬁ?%r’i‘/\ﬁ%t?’eﬁlfﬁr E%’l‘ligiﬂ?{lrétlyabundance
par ageters, an ' ' feLaigalish@@ch sequence are stored in said
tenp raPﬁe(\/%Ilg?n?%églggéﬁéﬂr%é{rlr%?; 1a152.1Q0A nmet hod as in claim50 wherein said
set of possible mlz values is calculated as 2 needed rather than stored on
sai d1nomsyol at inkthod ke irgemiéd whereinsaBBmopomer ssaeenss 1S Mentffigdiys 1 wher ei n

Zghﬁa;ﬁggtiegg. for g&éﬁg&fﬂq@g&%oi%%%nc%ai Slidonfigt ermned fromsaid first

ce vdtues obtained in

1  46. A method as in claim 41 wherein said mass label is covalently bonded to said

terminal oligomer.

1 47. A method as in claim 41 wherein said oligomer is isolated from other oligomers
2 extracted from a biological sample and wherein a machine, which implements said

3 method, comprises a digital processing system which executes computer programming
4  instructions.

1  48. A method as in claim 47 wherein over 100 oligomers are extracted from said

2 biological sample and said method is performed for each of said 100 oligomers.

49, A method for determining a sequence of at least one portion of an oligomer
from mass spectrum data, said method comprising: -

reading mass spectrum data in a first reading operation from a non-volatile
storage device to a temporary volatile cache memory to obtain abundance values at a

set of possible mass/charge (m/z) values from said temporary volatile cache memory

= N B S s

and calculating first abundance parameters from said abundance values;
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3 said second readi ng operation, and wherein said tenporar i
nmenory 4 conprises at |east one of an LI and an L2 cggheao%/ \;Ol aqlge‘quf?cjﬂﬁﬁ
m croprocessor. 1 54. A nachine inplenmented nethod for determ ning a
sequence of at least one 2 portion of an oligoner from mass spectrum data
said nmethod conprising: 3 determining a first nolecular weight for a first’
MoNoJrEr Sequ?egﬁﬁg sédql‘?z{s%%@cﬂ'hﬁgia% H8tseBdndveadiig opsthtital, fotlotdng mid possi bl e
ion types of sal Irs mononer sequence; 6 determ ning a.set of charge
statg adiysdadBiatdpefation foss sbi ecnoranmyeobatide eashe megwryto ootHBSAMp e i on types;

8 calculating a set of mz val ues for said fi i
Firer huoneisdiees A oLET Tt bdn o e SN e SR EREE et of

chayge 31 ali§ abChd@fid AR Yod each sequenfe FE4 §Rdf a®nomerieai e B '
. ! _ eguencbthapimer i n sai d
ol i gonmer is sﬂé"]g’ect ed from protei ﬁu 2 oligonucl eotide, oligosacchari de,

l'i pid, #rdnpobymeEmefongynt hetic origin. 1 56. A nethod as in claim55
wherein said set of mz values are used to perform 2 | ookup operation into

a maps spect L um dah & Lo ahl4) MhalHdangsoat 1esiend ithepeldn 08 .1 9 APR

1
2005' 3 s are not retained in a non-volatile storage

devi g€ fRpoRERBASe, bllg@cchirialuipitiraé polyinee of gokheticopgimati on. 1 57. A net hod
as in claimb56 wherern said set of nmlz values is stored in a tenporary 2

vol ati|l e cache nenory when needed. a i d f
bperhti 6ns | h mebeaRYIn B ge B A 15 SRR heRpr S S, | OORCE o i

clai g‘ ﬁgﬁf&%h%@@hﬂ sg@?eancé B%%Hré’cmndﬁi@tegrgoﬁﬁﬁ{fﬁdﬁlie Radrimlem&@yt enpor ary

cach od as in claim wherein said tenporary volatile

cache conprises at 2 least one of an LI or L2 cache of .a m croproces
60. A mshod Aamecihnd b i ehait Hthwherein sgmwtﬁ%wsi?b‘e@&r‘@meﬁés‘@ﬁn%‘ﬁﬁf By fi |S? re'reé

to 2 mnimze spectral .noi se pri [ rm ni ng said abundance
val ué. 2 @fﬁhﬁfgﬁﬂbﬁ%‘fé BB Bhae P Dl ddaky providing of sai d
predetermned set is one 2 of (a) storing said predeterm ned set or (b)

gg'sf?g' atls'B.gg @ﬁﬁ%@ﬁ @gﬁt $18iRS5 Divharaintsal yankide tferaach efisaid sequpncgns as- needed

iS. : met hod_as in clai [ [ ' i

col | 2si dnteimingd &@m said first abundanclerBa}amV\éQ&g Ghd'sa Iagun%lalll&omes 'oﬁtaﬁleﬁ‘}){ed by
3 said second reading operation, and wherein said temporary volatile cache memory

4  comprises at least one of an L1 and an L.2 cache of a microprocessor.

54. A machine implemented method for determining a sequence of at least one
portion of an oligomer from mass spectrum data, said method comprising:
determining a first molecular weight for a first monomer sequence;
determining a set of weight adjustments for possible ion types of said first
monomer Sequence;
determining a set of charge state adjustments for possible charge states of said
possible ion types;

calculating a set of m/z values for said first monomer sequence from said first

[X=T - B B R Y - ™ )

molecular weight, said set of weight adjustments and said set of charge state

ks
o

adjustments.

1 55. A method as in claim 54 wherein said oligomer is selected from protein,

2 oligonucleotide, oligosaccharide, lipid, and polymer of synthetic origin.

1 56. A method as in claim 55 wherein said set of m/z values are used to perform

2 lookup operation into a mass spectrum data to obtain abundance values and wherein
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2 dissociation, either in-source or in a collision cell to geneldt PR 7005
fragnments which are then 3 accelerated toward a detector plate. 1 63. A
machi ne i npl enented net hod for deriving a sequence of at |east the |abel ed
2 terminal portion of an oligonmer froma mass spectrum data, said method
conprising: 3 labeling the oligoner with at | east two |abels that differ in

MBSS, f 1 oM, €3G EFB% DGes dte H%jt Rlaide8as b ndn-ABMtilHtSaEEdevidRi fogadches isah  of
(0 Z) 'va

nass?chgat‘lge ues for possible contiguous |abeled 6 oligoner
f r agmrengburiidaade valgHbokupsapetatibnom r andom cl eavages of the ol i goner backbone;
7 determ ning an abundance value from said nmass spectrumdata for each mz

value in_8 said predetern n et.. ther r F k@rhd f
abundanéé vaﬁf@%‘%oga%@ic(lﬂiﬁfqdﬁgerghfs ?llragsg F&e/{?{% %gﬁ%'f@% ﬁgdgggé?f% (;edrsygquences

for %he SRERMEAAREhoAtwiRRCHReddDandnnerarsd foendiséquent Iphleir ofrerdtEnpg Ue
abundances, based on said plurality of abundance 11 values; 99 1 9 APR 2005

12 cal cshidtiérmgprarysebtitacacheiriengrof t he possi bl e sequences for the second
| abel at each 13 nononer length by their relative abundances, based on
sai d, pl ygal ity of abundance Al URSmast Ip&ciuatidad isiebrad Bogahd ned r anki ng
for bac E;*seqt’f‘e‘f‘?ﬁ%‘oﬁfl/yﬁc(;illagglr570‘3:)7&%}5naStii%onaofpthe 16 first and second

r anky N serdfor@Cachioanen®ry. | ength; and 17 cal cul ating a cunul ative ranking
for the maxi mnum nononer | ength based on a 18 linear conbination of said

conbi ned ranki ngs for, each noner | th of r seqguences

of Che. 8l mividbet peis SERbTEr A enge vy foRl el SuPRSATRT V83

wher gi nlesagi;ﬂiergf%ﬁﬂlqﬂqu%a@@é/ﬁmmod&ﬁ@h are 2 different than a mass of
SI

each”pos e nononmer 1 n said set of nonomer sequences. 1 65. A nethod as

in claim®63 wherein said mass | abel inparts a unique signature to
eachlseglence withediaslisdainb} whersdhisid BadPREEET 1 d @@%ﬁﬁ%?cﬁtgd as in claim

63 wherei.n. said | abel s are dift Sthakka ic,ﬁﬁga%@glgé_ the 2 same
cheﬁ?calmlglﬁl@@ &“&% Bre pﬂoﬁgci%a&g&%%&qlﬁl EI aim 1 wherein said ol i goner is a
ol i gosaccharide. 1 68. A nethod as in claim®67 wherein said portion of said

ol i gpsagehar idmcinedas irlclhier iwhateipsnd ponidig elsail prdgersieehst ISRE® 1 69. A
et hgd %?‘ (a;)r;to(;ilnglsg?d%% ete?‘{ll?rlle s%ta (I)r b} ga{’lgl}lﬁ%llg r%%&éd ;9(91161?5 & sﬁﬁduc' ng termnus.

3 predetermined set on an as-needed basis.

1  62. A method as in claim 1 wherein said oligomer is cleaved by collision induced

2 dissociation, either in-source or in a collision cell to gencrate fragments which are then

3 accelerated toward a detector plate.

63. A machine implemented method for deriving a sequence of at least the labeled
terminal portion of an oligomer from a mass spectrum data, said method comprising:
labeling the oligomer with at least two labels that differ in mass from each other
by at least 1 amu;
determining the set of mass/charge (m/z) values for possible contiguous labeled
oligomer fragments that might result from random cleavages of the oligomer backbone;
determining an abundance value from said mass spectrum data for each m/z value in

said predetermined set, thereby producing a plurality of abundance values;

N - B R R T o

calculating a first ranking of the possible sequences for the second label at each

-
foe)

monomer length by their relative abundances, based on said plurality of abundance

—_
—_

values;
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1 70. A nethod as in claim68 wherein a label is attached to sdif APR 2005
ol i gosaccharide. 1 71. A nethod as in claim70 wherein said |abel is
covalently bonded to said portion 2 prior to generating said nmass spectrum
data and wherein said mass spectrumdata is 3 transfornmed from an out put of
a detector plate. 1 72. A nethod as in claim67 wherein said

ol i gosa i de | A90B 12 sdBlReE@icBcesZof thagemnt $abet angach si ng sai d
por??on?ﬁ\?\ﬂ%{é%e%%%oéien agtggﬁlgr%tsed to(ailae?d a detector pl.at 3 to generate
sai @3 nagmnsmecienginbyabar relativg abundapeesdepsad on faid phyralty o PBFesai d ol i gomer
is anucleic acid. 100 1 9 APR 200 1 74. A nethod as in claim73 wherein
sai d4poM#ieh of said nucleic is a terminal 2 portion of said nucleic acid.
i A h@«%cﬁaiﬁgh SRR AnMRg T6H dach Séqilehaertyi limhr onbinaionief 18t er mi nus.
1 76, Anmethod as In claim74 wherein a |label is attached to said portion.
1 716 Afirsttihdsecasd iankiigaphears monemer lkngh; #0d abel is coval ently bonded to
said_portion 2 prior to.generaf:l i @nsh aherein

sai d’ mass spé%lf?lgﬁlﬁ%flgmiﬂgu r{a@éﬂﬁg?oorﬁﬁ% rom gﬁﬁgﬁgﬁﬁ?gﬁb@% det ect or

pl ayg. IindB-coMbifRiibREf @sd édinsihal nmGagyfie cetnmesdreriendtepta sdiod i s
fragnented to generate 2 fragnments,, conpri sSi aid portion, which are then
accé?ermmnmbmp@lcﬁsQﬁﬂiééﬁaéﬁmﬁpéjﬁé‘redgnn&?‘ﬁ‘gﬁ%}%'e sai d mass spectrum dat a.
1 79. A nmethod for processing nmass spectrumdata to extract specific

I abel[l ed d,ons Aoﬁleth%dgghe%%ﬁ{ 3 whdEin BRI Asks AR KaSe RGissos wiktlesrsl ni ng a
substantial ly perrodic ock of noise in a nmass spectrumdata 4 generated
f r onp ac gekeemtthancy madsatfehdopdssibls moncanatde said 69t;of JIMPMERFIINGNEE d
substantially periodic block of noise fromsaid mass spectrumdata. 1 80. A
method as in claj

m,79. wher ej he. | ' eSuPig Risshore el enent s
2 with & at Mﬁthﬂﬁﬂﬁ&mg%‘&%gherf@ Sandljng%ngﬁ%ﬁg%ﬁﬁ et hod 1 or processi ng
MBS S ) SPRLILAIR @aheh Queideloftdid ke fmelmiriey seqbneedances 2 of two or nore
differentially labeled ions fromdifferent sanples, said nmethod 3

conprising: 4 determning a substanti erj.qdi c bl.ock of sj |l in a
mass 1spé6ét r urh wgthed as inydaer 63 l_é@erﬁmﬁé%éls gﬁﬁadf‘ﬁ% g S_g%bge g8 Onge%ﬂ@mgt h one
I abezI ”?sszeEHerﬂiaglﬁSégﬁéé?r; 6 filtering said substantially periodic block of

Si gn m sal SS spectrum
1  67. A method as in claim 1 wherein said oligomer is a oligosaccharide.
1  68. A method as in claim 67 wherein said portion of said oligosaccharide is a

2 terminal portion of said oligosaccharide.
1  69. A method as in claim 68 wherein said terminal portion is a reducing terminus.
1 70. A method as in claim 68 wherein a label is attached to said oligosaccharide.

{  71. A method as in claim 70 wherein said label is covalently bonded to said portion
2 prior to generating said mass spectrum data and wherein said mass spectrum data is

3 transformed from an output of a detector plate.

1 72. A method as in claim 67 wherein said oligosaccharide is fragmented to generate

2 fragments, comprising said portion, which are then accelerated toward a detector plate

3 to generate said mass spectrum data.

1 73 A method as in claim 1 wherein said oligomer is a nucleic acid.
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7 data to generate a |label 4=filtered nmass spectrum 8 deternini&bﬁfﬁ 2005
substantially periodic block of signal in a nass spectrumdata 9 generated
fromaccelerating ions | abeled with a second | abel nmass to a detector; 10
filtering said substantially periodic block of signal fromsaid nmass
spectrum 11 data to generate a |label 2 filtered mass spectrum 101 1 9 APR
2005 1 82. A nmethod as in claim81l wherein |label 1 and |abel 2 contain

di fff:regg nuﬁggé‘rﬁodgsfﬂfclz{ﬁsﬂ Wieheif said|port of swidiruchic atdenunalunber bet ween
13 and 59. 1 . A method as in claim82 wherein the nass defect elenments
of the batvieh ofisaid nacleic2cidt oni ¢ nunber between 26 and 47. 1 84. A nethod as
in claim80 wherein the mass defect elenents of the |abel have an 2 atomc
nunmber tween 2 nd. 47.. 3 : oG] @3MeBdinpber ein the |abel 1
and fabgg' 2 %a‘gggggg%ﬂ%%négt‘ghfgég%?q%&pﬂ%rﬂggn@yﬁﬁgei oning rel ative
abundances of the |abel ed parent ions, such that the 3 relative amunts of
the paregt i angewad b deinetnvhadnbdobm enattakked insaislagsliess, 1 86. A net hod
as in claiml wherein said oligoner is a nucleic acid. 1 87. A nethod as in

claim1 wherein said oligo s _a oligosacchar.l Ifagd as in
cl ai n 17kher é‘ifﬁe@aflésBWI%B}%W%‘?J%FP’%%MLIS (foéfgl%? ng?g&%a? q%Sﬁgggr otein, a
nucl gi ¢ _acl 1@ ARACHRGNIA Bata knd Wherdinedit athsasgpectumldatas 1 wher ei n
sai dgol ipgig#rg)r&?graﬁ%%gled prior to being 2 fragnmented. 1 90. A nethod as in
cl ai ;1 | tahefoensbirein ahiogtputef 4 detéatergi@t ed and the resulting 2 fragments
are labeled. 1 91. A nethod as in claim86 wherein said portion is a

term nal__portjion.of said .2 UG j i etc 94d ifh il BSehdtael ai m 91
wher &i n 78ai d A BEHPH A Hb(g?lfnl on #%Jeglnsgﬂo clerey térrrné%s. 1%93. A met hod as
in chai M.@fhenhesdiptisiil sdid @aedn, ivthictoara ientacgel rated daiward aglefactar@late 2 sequence
of a nucleic acid prior to the fragnents being generated by Sanger, 3

pol yAer 4s genskat prid et sReATUBd2®axam G | bert net hods and the generation of
mass 4 spectrumdata. 102 1 9 APR 2005

79. A method for processing mass spectrum data to extract specific labeled ions of

interest, said method comprising:

determining a substantially periodic block of noise in a mass spectrum data

generated from accelerating unlabeled ions to a detector;

L B W N —

filtering said substantially periodic block of noise from said mass spectrum data.

80. A method as in claim 79 wherein the label incorporates one or more elements

pa—y

7 with an atomic number between 13 and 59.

81. A method for processing mass spectrum data to extract the relative abundances
of two or more differentially labeled ions from different samples, said method
comprising:

determining a substantially periodic block of signal in a mass spectrum data
generated from accelerating ions labeled with one label mass to a detector;

filtering said substantially periodic block of signal from said mass spectrum
data to generate a label +filtered mass spectrum;

determining a substantially periodic block of signal in a mass spectrum data

W Ooee ~1 R B W N

generated from accelerating ions labeled with a second label mass to a detector;

—_—
<

filtering said substantially periodic block of signal from said mass spectrum

fa—
—_

data to generate a label 2 filtered mass spectrum;
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1 94. Anethod as in claim87 wherein said |abel is covalently qo ﬂ@% tﬁ}g
reducing 2 term nus of an oligosaccharide prior to enzymatic frag Ra 05n
of the oligosaccharide 3 and the generation of mass spectrumdata. 1 95. A
method as in claim5 wherein said protein is fragnent by collision-induced-
2 dissociation, either in source or in a collision cell, to generate
fragnments, conprising 3 said portion, which are then accelerated toward a
det ept 0g, Pl Ayt o SENSICRLiS AMLrHAIbcl # 2ROROLILEDMh diffeterGumkerset hod as i n
claim5 Wherein said protein is fragnented by partial 2 exoproteolytic

di gest i enmass dufect elegens vath anptomis rmahsT Beraeet 9. 1 97. A nethod as in
claim2 wherein said oligoner is a protein. 1 98. A nethod as in claim97
wherein said termnpal. por.ti | S . ] havad €rm nus. 1
99. A n@@hodAa@e'glﬁgl éfr‘é‘i‘ﬁ(]}ilT, %fé?%l?‘ﬁﬁ%‘g‘%%@dﬁ%gﬁeﬁ‘r%?? fhé%giwgd wth a

| abeh i ng; 0L GhdberdbcbXERI6SnAg7at | east one mass defect el ement having an
atomc nunber from13 to 59. 1 100. A nethod as in claim99, wherein prior

to calculating said set of nmass/chayjge 2 (mlz) valu sai od

conpti s&4. t hé\ methpd apin clagm§0 erg@rt‘;‘?ﬁnﬁ?tqe&?ft Bl)ﬁfr\%%r??ghe %%%gg%%{]r um peak
assogciated wth, t ol i gomer and a mass spectrum peak associ at ed
\Mthﬁana lﬁﬂgwgﬁngp%%%%%ﬁgdﬁéérein 5 said discrimnating i s based on the
nucl ear bi nding energy of the |abeling nDie&éé and 6 (ii) d&convolving t he
NBss|spa@st r UM jpetisd asaodiiat idwherein thélbelabanddabd |2 ynspect i ¢844 €he mass

spectrum peak associated with the unl I l.i method as in
ol o i 1 commared by resreegriguh e pE PR N QR T fuch B, TELD

conpgi sir@ i arh S ofIREpdr SR OREcafbe MeRiminkd beiRveehiirrtvocdmalesi n cl ai m 101,
wher &i n e first ranking calculation and the second 2 ranking cal cul ation
conprise an isotopic ranking factor. 103 9 APR 2005 103. A nethod as in
clai in 188, whemethed gainclpignt sferen sk pgPmerdt HPUGEC 4dnted to rank said
set of fragment sequences having the first nunber of nononmers and said set

of fragnent se@é&@ﬁ%@@}xﬁpwﬂa IS 86O IMNTIEE oBfosabbaITBE. S based on the

expecte 'abﬁ% nce of sard at |east one isotope elenent. 104. A nethod as
inclaiml, wherein said oligoner is labeled with a |abeling noiety
conpri sigsy atA hedmtl as ivecliisol oyhercih s AHEEPRT CAMPIIgEA l%‘ﬁk‘m}ﬁfgél def ect

el emrent having an. . . )
protein, gnucﬂelc acid and a oligosaccharide.

1 89, A method as in claim 1 wherein said oligomer is labeled prior to being

2 fragmented.

1 90. A method asin claim 1 where said oligomer is fragmented and the resulting

2 fragments are labeled.

{  91. A method as in claim 86 wherein said portion is a terminal portion of said

2 nucleic acid.

1 92. A method as in claim 91 wherein said terminal portion is one of a 3' terminus.

93. A method as in claim 86 wherein said label is covalently bonded to a primer
sequence of a nucleic acid prior to the fragments being generated by Sanger,

polymerase chain reaction, or Maxam-Gilbert methods and the generation of mass

WO =

spectrum data.
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atom c nunber from 13 to 59, wherein (1) prior to calculating sa1$ 31?},{ % :
mass/ charge (m z) values, said nethod conprises the steps of: ( W 0
di scrim nati ng between a nass spectrum peak associated with the |abeled

ol i gonmer and a mass spectrum peak associated with an unl abel ed oligoner,
wherein said discrimnating is based on the nucl ear binding energy of the
| abeling noiety; and (ii) deconvol ving the mass spectrum peak associ at ed

wi thy thgy | abgledy  oldaemsn shramdihcridtasl specilently pedid msswdicingd with the
unl aloel ed oligoner; (2) wherein the first ranking calculatio a&nd t he
secand teanicusgf oadlegdsatchanide nriowfy enzymaHe ff%@%?téoq“éﬁ ‘Fﬂ]@g‘?sﬁ%c?%? @Adapted to
rank said tget of fragnent seﬁgﬁ%{eﬂs having the first nunber of nononers
and bai 8pkBE eFeTaHo S EGHUENCES” havi ng the second number of mononers
based on the expected abundance of said at |east one isotope elenent. 105.

A nmeghi g¢ | MRl SARAL £ ERERGOWR@Einisaidntottin in ragmbutthy coblisign-iggneed- f r agment i n
a mass spectrum data of fragnents qf a.label ed oligoner, i,n the
| abe? eddissdciptionseithesin saper o8 ing siligon %&JL 19 BT gﬁ‘@?ﬁ%ﬁ‘ﬁ%ﬁ‘%@?i ng noi ety
conpy i ;%{?g g%&ighsﬁﬁlhh %Qhé%%eleg@decﬁ%aﬂl £0REkorAME Rgehdratd Qiid masnber from

: [ 0

13 t conprising the step of discrimnating between the
massy of sgdaguialagl. ed ol i gomer fragnent and the nmass of an unl abel ed
ol i goner fragnment in said mass spectrum based on the nucl ear bi nding

ener of the I abelin, i e thereby i dent.d fyi id..abel ed ol i goner
fr aggr)énf’@- 10é.m¢(hﬂ%%‘g‘d’%g’§lﬁt %’h?,rfﬂgis %ﬁgt,egmm%tgra ?ﬁﬁﬂgg?gbﬁgﬁgl i ng noi etg y
furt@eresc%l_rlqr;]{gég?ﬁéd@&sﬁdnqﬁﬁ ORRciafial dRemasepentum dO4 1 9 APR 2005 107. A

nmet hod a al m106, wherein said nmethod further conprises the step of

qualifying the mass of the |abeled o] i gorrer.fra% nt based on the expected
abuntian8@ oA method as in| cbaisy2 whereins@id P OBICE KRS, A nethod as in claim
105, 104, or 99, wherein said nass defect elenent is bromne. 109. A

g‘fgh ﬁ e@ﬁ.liogACr'thLHEi 108, clihes Bl Rersiisdidabrmhi8ASior@iEis baObORENat @B i S

2 or a C-terminus.

1 99. A method as in claim 1, wherein said oligomer is labeled with a labeling moiety

2 comprising at least one mass defect element having an atomic number from 13 to 59.

100. A method as in claim 99, wherein prior to calculating said set of mass/charge
(m/z) values, said method comprises the steps of:

(i) discriminating between a mass spectruim peak associated with the labeled
oligomer and a mass spectrum peak associated with an unlabeled oligomer, wherein
said discriminating is based on the nuclear binding energy of the labeling moiety; and

(ii) deconvolving the mass spectrum peak associated with the labeled oligomer

-] N th R W b

from the mass spectrum peak associated with the unlabeled oligomer.

1 101. A method as in claim 1, wherein said oligomer is labeled with a labeling moiety

2 comprising at Jeast one isotope element.

1 102. A method as in claim 101, wherein the first ranking calculation and the second

2 ranking calculation comprise an isotopic ranking factor.
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103. A method as in claim 102, wherein said isotopic ranking factor is adapted to
rank said set of fragment sequences having the first number of monomers and said set
of fragment sequences having the second number of monomers based on the expected

abundance of said at least one isotope element.

104. A method as in claim 1, wherein said oligomer is labeled with a labeling moiety
comprising at least one isotope element and at least one mass defect element having an
atomic number from 13 to 59, wherein

(1) prior to calculating said set of mass/charge (m/z) values, said method
comprises the steps of:

(i) discriminating between a mass spectrum peak associated with the
labeled oligomer and a mass spectrum peak associated with an unlabeled
oligomer, wherein said discriminating is based on the nuclear binding energy of
the labeling moiety; and

(i1) deconvolving the mass spectrum peak associated with the labeled

oligomer from the mass spectrum peak associated with the unlabeled oligomer;

(2) wherein the first ranking calculation and the second ranking calculation
comprise an isotopic ranking factor adapted to rank said set of fragment sequences
having the first number of monomers and said set of fragment sequences having the
second number of monomers based on the expected abundance of said at least one

isotope element.

105. A machine implemented method for identifying a labeled oligomer fragment in
a mass spectrum data of fragments of a labeled oligomer, wherein the labeled oligomer
is labeled with a labeling moiety, said labeling moiety comprising at least one mass
defect element having an atomic number from 13 to 59, said method comprising the
step of discriminating between the mass of the labeled oligomer fragment and the mass
of an unlabeled oligomer fragment in said mass spectrum based on the nuclear binding

energy of the labeling moiety, thereby identifying said labeled oligomer fragment.

106. A method as in claim 105, wherein said labeling moiety further comprises at

least one isotope element.
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107. A method as in claim 106, wherein said method further comprises the step of

qualifying the mass of the labeled oligomer fragment based on the expected abundance

of said at least one isotope element.

108. A method as in claim 105, 104, or 99, wherein said mass defect element is

bromine.

109. A method as in claim 108, wherein said at least one isotope element is bromine.
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