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== (57) Abstract: Mass tagging methods are provided that lead 1o mass spectromeler detection sensitivities and molecular discrimina-
tions that are improved over other methods. [n particular the methods are useful fot discri minating tagged molecules and fragments
of molecules from chemical noise in the mass spectrum. These mass tagging méthods are useful for oligomer sequencing, deter-
mining the relative abundances of molecuies from different samples; and identifying individual molecules or chemical processing
steps in combinatorial chemical libraries. The methods provided are useful fof the simulianeous anzlysis of multiple molecules and
reaction mixtures by mass spectrometric methods. :



WO 02/ 066952 PCT/ US01/49911. Mass Defect Labeling for the E@g %ﬁﬂﬂﬁ%lon of
A i gomer Sequences CROSS- REFERENCES TO RELATED APPLI CATIONS 5 Thi s y
application clains the benefit of provisional U 'S. Patent Application Ser.

N 242,105, e SR dRidR88 A TIPSR

Application Ser. No. 60/242,398, filed on October 19, 2000, titled

" Met hod$orfuRlie bRty A SM-NGor Bl 2000 2cRgpt i de  Term nal Sequences,” Attorney
Docket Meenddd2Go4.PRDArsrThesepapplieabdons are incorporated 10 by reference

i N thei ringetdck egulpr fsaref &t T Gargoses. STATEMENT AS TO RI GHTS TO | NVENTI ONS
MADE UNDER FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 15 Not applicabl e.
BACKGROUND OF THE | NVENTI ON Many nol ecul es are fragnented by chemi cal,
electrical (electron beamor field 20 induced collisions with neutral gas
mol ecul es), or optical (excinmer |asers) means in mass spectroneters so that
the masses of the resulting | abeled ion fragments can be used to identify

or reconstruct the original nolecule. In other instances nol ecul es may
coelute from separation processes to be further distinguished by nmass
spectronetry. In sone instances a |abel is attached to the parent

nol ecul e, or specifi.c nolecules in a mxture,to assist in.the 25
identification of the resulting | abeled ions or ion fragnents from ot her
chemi.cal noise in the mass spectrum Typically, this |label consists of

el enments; or isotopes of elenents, already contained in the parent

mol ecule. In this way two or nore peaks of predetermned relative
.abundances can be found in the mass spectrum and used to confirmthe .
identify of |abeled fragnents. However, when the |abel contains elenents ./
(or isotopes of these el enents) .30 already contained in the parent nolecule
or in other ions generated fromor otherwise contam nating the sanple
matrix, one or nore of the | abel ed fragment peaks may overlap wth other
unTabeIed ion peaks in the spectrum confounding identification of the

| abel ed ions. 18 April 2005 WD 02/ 066952 PCT/ US01/ 49951 Hi storically,

techni ques such as Edman degradati on have been extensively wused for -
protein sequencing. See, Stark, in: Mthods in Enzynol ogy, 25:103- 120
(1972); N all, in: Methods in Enzynol ogy, 27:942-1011 (1973); Gay, in:

Met hods in EnzynDIogy,, 25:121-137 (1972); Schroeder, in: Methods in .
Enzynol ogy, 25:138-143 (1972); Creighton, S

e



5 Proteins: Structures and Ml ecular Principles (W H Freeqrgxﬂpml\i\éo51984)
‘Ni ederwi eser, in: Methods in Enzynol ogy, 25:60-99 (1972); and Thi ede, et
al . FEBSLett., 357:65-69 (1995). However, sequencing by collision-induced
di gsoci at i ovmm&msapect rometry (MS) et hods (MS/ M5 sequengdn@doihadssirapi dly
evol ved and has proved to be faster and require less protein than Edman
techni ques. See, Shevchenko, A, et al., Proc. Natl. Acad. Sci. (USA),

93: 14440 10 14445 (1996); WIm et al., Nature, 379:466-469 (1996); Mark,
J., "Proteinvels lgq%q.t f nted at
t he PE/ Sci ex Se?nq%éafr&g%?:bglsm Pr otﬂgénﬁéfgg\.g?g\gtt?? [ (gig(tl)l r?rgﬁlgsg %t@fégé:snecs:

Aut omat ed hi gh t hroughput technol ogies for drug discovery, Foster Cty, CA
(MVarch, 1998); and EROSBIREMERIOASES TOREYATEIXPPLISA4RONSA79 (1990). 15
M5 sequencing is acconplished either-by using higher voltages in the
ionization zone of the M5 to randomy fragnent a single peptide isolated
froma protein di Q”b'stapplmatiqmcfeimwhbbaielﬁyohyoviaind:éﬁ S aigit dgplication Ser.

Cechnt quie: AFRsH R OOk 1Bt el e bt s DB e Py v

sequenci nq;udericelnudianse@e@mulaaaboﬂmefmotnhlajsare.&éﬁt A@@n&atma Jer.agrent ion in
the 20 quadrapol e.. M5 uni , aergpresented
5

at the | BE2phe?%dHiten Q%P@rlgng@o BH%C{ cMethMﬁ f("I-\B‘é*e‘lTé)‘mPﬂ Protgmand Fgptidgj enan
Met hods irbERAERLARYs Aﬁé:a‘éj% cg tNd. 5972)P001 C3Rksk g@% aﬁbl‘?ﬁ%gé H;%Bx% grtédc

separation coupled to etection (see, ot eone
anal ¥&i sb}’afmemg:malheua@slayyﬁnadiaiuapc&m:hl ve’> " paper presented at the |BC
Prot eom cs conference, Coronado, CA (June 11-12, 1998) and Smith, et al.,
in: CRC 25 Handbook of Capillary El ectrophoresis A Practical Approach ,

.Chp. 8, pgs 185STAGRMENT K5 903 RIGICE FOLINVENTIONS MADE wNDgRher |iquid

chr onat ogr aphi ¢ FFINERALLYSPONSORED RESRARCH ANMBIWEE OFMENTY NOI 0gy,
27:942-1011 (1973). and Creighton, T. E., Proteins: Structures and

Mol ecul ar Principles (W H Freeman, NY, 1984)). The am no acid sequence of
the peptide. is dg dedpiom t he nol ecul ar weight differences observed in
the resulting Ms fragrnentation 30 pattern of the peptide using the

publ i shed masses associated with individual amno acid residues in the M

(Bi emann, K., in:. Methods,] Y. . 990), and has been
codified into a sem -aut %ﬁg@é g’%?@&ﬁ&ﬁ’ gorithm (H nes, et
al., J Am Soc Mass Spectrom 3:326-336 (1992)). 2 18 April 2005 WO "'

02/ 066952 PCT/ USOI{4R9ablebRles Sreatddnfntel B Tcﬁéfn:'?fﬁs&e&{%@élt(él!é&&&fbe%n%%§}d7 Da
pept | de HSDAVFT ) isolated in an I\/é M5 experinent acquired in

posi2Q veinfegedipglisions math nghtrflezas medechgeleroptichldcxaiintr lpequs)i rgkang #08asE. Da and
the: next spc@tf&ﬁ&grsrggﬁ?at t}{e%’:{@&tof(ﬂ){e resulting labeled ion fragments can be used to identify

or reconstruct the original molecule. In other instances molecules may coelute from
’ :s'éparatio"n p‘roceéses_ fo be further distinguished.by-mass spectrometry. In some instances a-
labelis a.ttached-to the-ﬁarent molecule, or specific maleculeg in a mixture,to assi_st in the j
25  identification of the resulting labeled ions or ion fragments from other chemical noise in the
mass spectrum. Typically, this label consists of elements; or isotopes of elcments, élrca&y
contained in the parent molecule. In this way two or more peaks of predetermined relative
abundances can be found in the mass spectrum and used to confirm the identify of labeled
fragments. Howeyer, when the label contains elements (or isotopes of these elements)
30 a]feady contained in 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.



1288.7 Da) is 137. Da. This corresponds to the expected masgg 812005
N-termnal histidine 5 residue that is cleaved at the am de bond. For this
peptide, conplete sequencing is possible as a result of the gener_ati on of
hi gh- abund¥fR&&PRgnent i ons that correspond to cleavage BET/UBH&UEpti de at
al nost every residue along the peptide backbone. In the above-recited
peptide sequence,;.t.he generat.ion o nt i t { of
positivel y-char ge(gI l?“r’%‘baglgh ec}fné%ugs Slfctf%’aa?%id%gﬁg %ﬂedl%ﬁ(eé?gglﬁ% %}Ee%g ]}1’819pept i de

IS a resuskd f@fprétbie shmsheing ySeaf Stk in: Meehdis imBezyGolagyn2Hi203-120 (1632)xjues. Wien
a basic residue is located at the N-termpus _and/or C-term nus, nost of the
i ons pr gl W@qﬂfemémmgfp@h_z?ﬁa&ééﬁ{ db Bt I f@%)fngfﬁ@’equeﬁam Il
contain id?ﬁil-fﬁﬁ('l@%?, Sﬁﬁﬁa@er, fRBecholls in Er&jzmlé’gag&ezsma%ﬂlihﬁ%?z)gerﬁ}ﬁ&i{Sl s by -

Mass Spectronetry, apman, ed.; p ‘41, Humana Press, Totowa, NJ,
19965 anfttodutm SoncturRs §:1d Melecalar Prinpigkes G@ebit FepemangdNY, & ¥isderwiger, IB7- 154
(1988)) since pasitive charge.,i ner I |4 t - hasi ite. 15
The pi edareTA Hoiielfa’ PRRP R T R Ra thiste, EF FERS L, ST
spect r urllowévis Sequehénd By sollision dhidueal dissobiatién mgsssptatdmetry (MS) methods t ed
series of specific daughter, jons. Peptjdes that Iﬁgk Sgélsic_ resi dues tend
t o f r agrih/Mhieguercing} ascamglyeyolyrd aift s aFover b HSter aRd radHEE (cRpralsn

sequencengekeh il Rakdiqids TOEE SHiVchinke! A eNUCIFRLE Nl 458 BUL POS Y 9525440-
hi storically been conducted through the synthesis 20 of nucleic acid

f r adfent st4¢ 5 Gt 2060 Wigm red tloMamm HE 466 HA8%%); Mapt,dd “Prasein atrpeivrennd nucl ei ¢

. aci d segye .sucl the, net hods fine - Sahger. . Proc.
Ratl. Addgiigation W‘W?&@ﬁ%ﬁ%ﬂ‘%& a{%%@"%n%i‘%q‘aem#’%?ﬁ%ert METHODS
| N ENZYNERe¥oYoriz@fonQ Pro@éinlct O 8Qjomafediigh abd @hpinedhinelogiisifoddrdgscri bed by -
Sanger and Col son uses an incon*ﬁ)l ete poalynmerase chain rea}cti gn_ PCR)
met hod tdsceyeiyhgasies Eity e A (Naads 1518304 Beayhdfrhods o Eroppisgi gy et al .,

Nuc: Aci‘p]@( ) 16(21):9947-9959 (1988)). Mass spectronetric nmethods have
been devel oped“for nore rapid and nultipl exed separation and. identification
of tlde DNA | addeiMS sagentasgisiabedipbiphddostherhy wing hifatremitagésdn 8, 691, 141 and

6, 194, 144;. Nonforte,. et | . U S. Patent No.,5:;7 642, apnd Butler, et al.

U. S. Pat'8N7aies 2oge %@g‘? Msﬁt.o TR}y SAEMERt A sTgte ?%’ggﬁ e f%?(fggg%liad) e ents are
i nt r oducggess ioHotARBRME) by {aRlién MPusiBSSHISRGCIndoss désodiaton ithdnaeguence or
nunber of "short tandem repeats” are deduced fromthe nmass differences

bet ween SasdBirmanabide Sevwnktectanqueneandirisebtor selegt tha peptdedamnt pesedder . - As
descri bagichys ¢ %ﬁc?tégé %cﬁldi-f@%&%u%‘ﬂon Srthd éaréétﬂp%fiﬁe frﬁ"%lﬁglfthmpﬁstﬁé bl e and

desirabl e to setguen sever nucl el c acids sinultane y in parallel by

di f £26r erquaddabyle MStet (sag Mdrk, hied eManadvid pﬁpe@grmmtsd- &l&_h@\ﬂBC !P';@@@Eicﬂ\l)

Cepl at den{areedeeion: by VLS5 185 pid Bipy Methpeh e e @8ed BATS ki ng

| 'abel s of79ynOSYE ciPRitSy cleBlkSpHBpsHe sBRirtiohRBugied BVES-TOF MS detection (see, _
‘Aebersold, R. "Proteome analysis: Biological assay or data archive?," paper presented at the

- IBC Proteomics conferen_cc,'Coronad‘d, CA (June 11«1.2; 1998) and:Smith, et al,, in: CRC 7
25  Handbook of Capi!faiy Electrophoresis: A Practical Apprbaéh , Chp. 8, pgs 185-206 (CRC

Press, Boca Raton, FL, 1994)), or other liquid chromatographic separz_;tions (Niall, H. ﬁ., in:
Methods in Enzymology, 27:942-1011-(1973) and Creighton, T. E., Proteins: Structures and
Molecular Principles (W.. H. Freeman, NY, 1984)). The amino acid éequence of the peptide.

-

is deduced from the molecular weight differences observed in the resulting MS_fragr_ﬁent_aiion
30  pattern of the peptide using the published masses associated with individual amiho acid
residues in the MS (Biemann, K., in: Methods in Enzymofogy., 193:888 (1990), and has been
codified into a semi-autonomous peptide séquencirig algorithm (Hines, et al:, J Am Soc Mass
Spectrom, 3:326-336 (1992)). |



subfragmentation of the elements of the sequence | adder durigg
or ion transmssion in the nmass spectroneter, and to purify tﬁe nucl ei c
acid fragnents from other extraneous 5 nucleic acids and confoundi ng matri x
cont am nantweo exostdsat an unanbi guous sequence can be obt aipgadydol/eevsi he
resulting mass spectrum These references are incorporated by reference in
their entirety for_all purposes. Pol ysacchari de sequenci nhg sequenci ng :
met hods, utili zi ngForexamplieiyithymaspspérdym ofip k43e-Tngreniigect romet er have al so

been desgf }Raﬂggg- b i PatieMauirddi : nd

Par ekh a gsggﬁ(n@bu. S. a(tglgﬁtll\éﬁﬁg%gsgpgc&. I%\equﬁeslé}%nesittﬁgé%orgzéeﬁf%ue mass
tag i s atdiffobtiedbeteeen tharfull pepdidp b3/ BDe hat ihd @estdarges mash fragmerg (gybsequent | y
divided into ali quots. that are subjected to different regines of enzymatic

and/ or cHé®®Y el is 187 Bay ddis wFepradiie dhorpestedragtofiapdtteaaingl higidiaechari de
f ragnment [ : ' ' i - A0 are

o1 ol Panagnair MR OB 4 1o BRIV BREE FHERARE Nomp A0SR TBRLIIE T 1o
sugar s cent aisniedf tha gtdveatparod highpblydzacochapmaie icghe tlert nomesdodd oridakagerafsul ti ng
mass | adder nerated-in th SS gpectr fromthe.random|.ahel ed :
o1t gosac Pl % ARy ePEurons TR e Ra kT ik ShCTer R rmay
be obt ai Refhchdt, ME @ERTHIIADIAR ¥aERIallgtichiple¥et o SAAMIVER-Garel trRBARHSLYs | N
paral l el t rogjgh the use of different mass tags. attached to each. _unique

puri f i ed o mpldescsitier end ofdheneptidaispiresult af iebasicy af batB theddt alddrteriinah t he
D L T Ty Se el ISt fru
ona (0I5 PAREERIWHEn PRI f25abts BeAlef PHENAAMRL B GFClullrbhlEs, SRargfect um

cont am namtsprddocahnitle: edidpieniadurgd dasduiagion (CHY).spedemt Will catiiothaofestdae fatty |
aci d conposition and placenment .in, lipids.can_be an inportant .i.ndjcator of
he st at Pbr2ai deftt 2 o LapHe AapPudy MG SeE sy PR prah A G- 25
M cr obi obg-44; BédaralR84) TEBHa, HOOUo%; ardd JohnfRPR.S FvL! MBss ebi-oRimol ., 52: 788
(1986) both report a 99.8% 1| oss of phospholipids on starvation of Vibrio
sp. Cr on&roceges,BadBEr1061(1988))g8ico pouitiye1ba®y 1§ ernstplizdosadired aidhe basic site. ,
phosphot i ont.en f herghi 2 conyverted to
Car ol | iy PSe BF Plack O o oo R SHERAR o RSl bl LR APOURAR ) | e
t he fatt direats die fragmestatiorointoad nitahiefiesedl speafic daughter ions. Phstides fhadlack

corrpo_sit'hor.l of. the cell; cal interest-pecause of

30. menmprane:is a.{ﬂso,;of 'rrerceiti ‘
its pot edtiaIesiiBidend g TREmsNLAL AFRPESBMPIEE MR TEmRoh s Ht F1R&Ss nenbr ane -
pr ot ei nsseqﬁgﬁcglde{eﬁgggm,; eR Bfscerl | surfaces, tunor proliferation and-
metastasis, and arterial disease. Similar mass tag approaches have been
descri bed for the WNadeitiatid sequenringhas histefioallgbedn coodpoekihrengithe synthesis

o P3RBT BB AT Bl p A o B SHEREGRL et bt ®
~ acid sequence, such as the methods defined by Sanger and Colson, Proc. Natl. Acad. Sci.
(USA), 74:5463-5467 (1977); and Maxam and Gilbert METHODS IN ENZYMOLOGY, 65':499}' _
560 (1980) A vaﬁation on the. 'm_eﬁhod deécribed by Sénge:andrcpl‘so-n uses an incpmpleté -
_ polymerase chain reaction (PCR) r'n:eth"od: to sy}ithesize'the taddér of DNA fragments (see, |
25 Nakémaye et al., Nue: Acids.Res.‘., 16(21):9947-9959 ;(:1:988'))7_' Mass spectfométﬁci_ﬁetlhdd:s.
have been dev;albpe&: for more rapid and multiplex'ed sépﬁratioﬁ and identification of the
DNA ladders, as described b’y' Koster, U.S. Patent Nos. 5,691,141 and 6,194,1445'qufor'té"et
al. U.S. Patent No. 5.700,642, and Butler, et al. U.S. Patent No. 6,090,558. In these methods
the nucleic acid fragments are infroduéed Simultanedusly' into the mass speéffbmeter and the
- 30 séqﬁehc’c or numbet of “short fandem repeats” are\déducéd’ from the mass diff"eréric'é'srﬁ N
between individual elements of the synthesized mass fragment ladder. As descnbed by -
Koster U.S. Patent No. 6,194,144, it is both possiblé and desirable to sequence several

nucleic acids simultaneously in pai‘allel by differentially-Jabeling the nucleic acid fragments

li%pgati on



U.S. Patent No. 6,056,926 and Brenner et al. Proc. Natl. AC%JIA ,%cgl(}%(USA)
89:5381-5383 (1992), where a unique nass tag |abel is concurr

synt hesi z he chem cal conpound of interest on a rface and
| at er useg‘gq@b ge tify the various processing steps appl?&ihg"df‘?he solid
surface. This mass |abel can be identified after cleavage fromthe solid 5
sur f ace sPynERRa fRRLEHGRIMIcINC aclhBarbit Brhgthicd vi®NlifilientSAga O f odffitRAHy | brary
that can be produced via conbi natorial approaches_is the nunber of unique
mass | abeigye itases.cByenoisingdakalnefamiqnsanass.aremistibe gives tadveid i mi nat e t hese

6. 027, 800 TGl BER o581 e SRR Rl s o SR R 91 205,

: ~all desat t}benmtﬂ&otﬂmétef and {df mridnthcalublyid sk fragygents fodro giheaéxtrabousol ecul es
obtained from |f re t sources with-a dj ff%ﬁnt MaSS tagéfor each, source.

The SanmpREEICAgYs pbrPnindBITHEY COPRBIDANLISR that 41 UBATEP g1ot SERERFE R BE her

t hr ough oBRARH HolrPiRe résARRINARS sEbtrath! MRbdeRRECEIWIE Heorpotieddl Byaterdnadinyi dual
corrpounds fromeach sanplle are assured to be treated identically in the

- mi xt ur ethelreatirasy forjiallpumesesent rati ons of individual differentially-Iabeled
blologlcal compou ar ! ces 15 of

t he i ndi vi dual maisg(g11 accﬁa&d@%{e]%%%ﬁéE@qglgrgcct?gmteﬁ%ﬂ %%'g%ﬁgsqgéy?%ese met hods
ar e t hametlivds imnhs mahsa.hﬁbsorﬁétpﬂ hnyedlsmbsén dbaz bl hmRatdamhcbly:r etcté;rlﬂﬁchdtbx}t with
respect _.to_an rocessing of the and |on|z on and

tran looﬁ\f0 5A0%7E8 el angkarekirand BrigpesU S g?tﬁ@%ﬁ%sﬁé@rp@ét Thibgtegpetho #&uwwe |
reason, 206k %s ﬁfa@héd%@'a‘iﬁhh}éd ﬁ&?@%&nahﬂé’%mﬁﬁﬁ &Hi%ﬁls%%bscé@éit@gﬁvrﬁ&i dto stable
i sot ope anal 6gs- or are sinple derivatives .of one another).  A:-limtation of .
t hese _nelifupdsthiiare h@J@@B&i&@ﬁéﬁf@Iﬁffeﬁmnwie@zmm aforisherelitic ﬁlgil“@ﬁe for a ‘
si ngl e r na I g
er v POUEH FhoROR MR oblsaRpb e LA vt AR soBlnalME Bt

behavi oTsesfehgimeiiszed $imilianedusly &nﬁ)ﬂh&fﬁll 1010, aefhﬁsscspemcrre&r akhoie kequehdendft at i on
of these methods s the abiljty to disti nﬂ‘% ?{1} t he ss | abe #g nol ecul es

or &P eadesiry copbnedan Gin Rastns pelystschasidg dglenn ghie rsbiipg Mashiedditnant s that
may a' S ellﬂe‘?atPJ ﬁﬁﬁ@hagsnspfe i HORI Re tRLORAANSE baigogaczme%agﬁﬁﬁtssn%t roneter.
This | after mtation ten nmeans t-hat the | abel ed sanpl e nust be

ext ensi vesbgniped thét mdeqmed dhiroughpremay bpebtaingd bypedeyssing sayrialtdagierent

: subfragnentatlon of t cul es r must be

avoi ded SRR ipltaheously ‘Wg@eﬁgﬁ%\%‘ Fﬁ H?eyOfdlﬂi@gWanég§a§ ER%:%E(E ﬁged Elge of
f1.uori n@nighe pith RaWfsabitiriogpitedsaaplél galiguishak! e mhasvidefhect el enent in
cl eavabl e nmass_l-abel’s. The 30 basis for. this work is the. 0.009 %1 B
monef s opBgrseciharde wmieste sradsuhivagaeniatien & thagnasesnerisyn and FkRHé\Afe € this is
a very I very hi gh
ave ! Rl TR EOELARGA M EREAR B ARS8 ot hathding vy 10T
nmass spmbigutiwet ers. The resol ution of mass spectroneters depends on t he .
mass range and is

mal | t.ed t
typical time-of-fide ﬂ%’f‘caﬁ‘BPéEﬁ‘ﬁggt%&?I ar SKE# E}ge"q n- &ES 85(“

lmportant mdlcator of the state of a cell. For example 011ver and Strmger Appl Enwron

257 Mzcrobzol 4 461 (1984) and Hood et al. Appl Enwron Mzcrobzol 52 788 (1986) both '
| report a 99 8% loss of phosphollplds on starvatlon of Vrbno sp.. Cronan J Bacterwl
95: 2054 (1968) found 50% of the phosphotldyldglycerol content of Escherchla coli K-12
were converted to cardiolipin w1thm two hours of the onsct of phosphate starvatlon and that
- the fatty a01d composition also shifted srgmﬁcantly The l:pld composntlon of the cell
3_0 | membrane is also of medical interest because of i its potential roles 1 in drug and metabolite
' uptake, anchormg transmembrane proteins, viral recognmon of cell surfaces tumor
proliferation and metastasis, and arterial dlSCﬂSC _ _
Simitar mass tag approaches havc becn descrlbed for the 1dent1ﬁcat10n of

individual components of combmatorlal]y-synthesmcd chemrcal hbranes by Sugarman et al.



WO 02/ 066952 PCT/ USOL/ 49951 in the |ndustry have a mass resggy :l%ogf about
10 amu, at a mass of | mllion amu (10 ppm). Therefore, the c rrparatlvely
smal | mass difference between F and His inpossible to resolve above a
mags of abewde2®@46samu, and from a practical perspective atpcafiysgy@ds] ower
mz. Schmdt et al. further note that the mass defect of perfluorinated
hydr ocarbons 5 can be di stinqui shed from sinple hydrocar bons. For exanpl e,

t he nonoltsdtRefsint Nae 85G926and Byknyfer aloali Frarddrrhryad. Seig LA 8B5S 383 388m
stoichio f ctI 166. h n0| sot opi ¢ mass of
- the clos g{% 5?;)3‘% r Begig‘rﬁg%e rlngss éﬁﬁglg'?v\??n}lg %WE?S?%% ﬁ:gn S ?hemlca?

st oi chi omhpqundfofﬁﬁabﬂ&narsdhamreas |ahg/lajtee31@éd/tabdeﬁt1fjfasesmﬂofufs proeessmgGlepabout
1125. The of t he_m ni nu oly Iuor t liphatic tag. is

68. 99520§P%W8t° V(ﬁuse d S8 s b gast @og %tlﬂ]% a%ﬁﬁ%??é’tag? omile fidsest
MDNOI §0t Qhfze BY SHa0E §LREMERS ST I'Ie%rﬁll?dtﬁm'o% t%l&%ﬁﬁ%ﬁlbmﬁﬂ{a& eaPlbaged 0 a
C5H9 st-oichionetry and a di'fference of ppm However, for ‘organic

mol ecul eylatqqaxtbmamab@!wrmh@riemwbesg&llmlqw msahhele)thatm&ﬂgeaﬂetedym cal in
bi ol ogi c | ecu S fect,of fluori jot as easily

di sti nqu?}ls? hagglt)?% &1?31;111%}? s> Isal:’glrgr%)i'l%%éi'ct Corfl?lm{“ds gf&l{ltﬁ‘l%ﬁs a stoichionetry Of
C3H®2 wi |l have 15NessrwﬂoU58)mtethmmlm; Sétsnidrek 3. B8O ppoesiif et ent from

t hat of | di.st 69 Sinilarly,
by ol eGspasanat Bl o FROS HABrat mERbls 10 GERT A fFlioE DORERE |5 onl 3
36 ppm dhfoié%ﬁl@@BbtﬁthH'B%Féff%nt]s‘ézrc@WﬂhW@ﬂ‘ﬂer&rﬁ‘?na%stlg%fd:r haPiRRes 18k C N

-and O are included in the cal cul ati ons mass fect of CoF5 reduces to
an i ndi ssampjesimaatiee bd camipped, whﬁdahﬁbn@@mé@rchssed tvgttheruhmugeeputation cont ai ns

a ‘st oi chj 0, Cl. 2 mess defect for
& 1 edursaar by ipied EAmEAC B R R sopbllisHort sieh SEER i |
[ 12C] 2[ ' 2Slutd 6B treatedikiontRBllpiEthe ynixibee. TThe réluileabhceiRationof tndidiad

i ncrease 200 a the mass defect introduced even wiith multiple

..beyan
fl uorine 1f§ P%F?bsz‘abelééhwéoalwaﬁ@wwd% ardbanelclrmpimgd bribedeletire dupdanceie ot her
het efpat grge ﬂl@méﬂ ﬂﬁk@ta%ssﬂttﬁ’@ﬁ%ss edhigl EMRRITRI thdst A RRS aﬁeqhét%
nol ecule is 25 often no ractical due to solubility constraints. The
gener al masstialmlﬁ afipldesiony bvlnavg virhaily u(kbuatalhe'at{sespﬁcntmaey potestingof th@rrpl ex
mass spe s be Vi Qus escr bed co x i xtures of
a1 PR R orkE P YA RS S RELIBE ol Bl BB o 7 o
extracti Edsrtamdea@@ﬁmmmre typeatly theseh tHanark chemicky alvilo gt a. stabRyTsdioge MBSS
Spect, 10:770-781-(1999) -and Mallard, 30 G W_.  and J. Reed; "Autonated Mass
‘Spect r al MBRES AT HESITRIE driyadaes ‘Pfqu'é&f“i’tbﬁ) sdirairation pfhess mgthpdsagibge” (US

Depagf mepmik @Jmésctﬂat GRbED J16h fo?/gsmég%éq)lﬁ/%ﬁﬁlkgg %@k}gﬁé ll%ﬂ%‘xcoum ed |

.to .ti rreresol ved:” separation nethods .
Apr i | 20’@5 nWIb G2/ 0669 52 deiTAtlves tatl &3 synthesized with nearly identical separation

behaviors and 1onxzatlon and transmission efficiencies. Another limitation of these methods
is the ability to distinquish the mass labeled mc_)le;culés or cleaved labels from unlabeIcci.
biomolecules and matﬁﬁc contaminants that may also be present in the sample intrqducéd into. |
25 the mass spectromefer. ‘This latter limitation often means that the labeléd. 'sampleimt{'st-be “'
extensively purified prior to mass spectral analysis and that:subfrggmentatibn-of the labeled
molecules in the mass spectrometcr must be avoided.
. Schmidt et al. WO 99/32501 (July 1, 1999) describe the. use of ﬂuonne in
" place of hydrogen as a distinguishable mass defect element in cleavable 1 mass labels. The
30 % basis for this work is the 0.009422 amu monoisotopic mass difference-betweenthese'_'two'
elements. However, this is 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 ‘r_esquﬁc’m of' mass spectrometers depends on the mass range and is-

normally quoted in parts per million. For example, typical time-of-flight detectors common



t hese techni ques have not been applied to biopolyner (e.g., Aﬁ

nucl ei ¢ acid, and polysaccharide) fragnentation spectra for t he purpose of
sequence determination. In fact, these nethods typically atterrpt to
identify t'HEOMAt63¥t chenical species and general |y seek tRCTHIYHS
fragmenting conditions in the MS. Nor, have they been coupled to the

i denti fiigahd Hlau&& havé Q%Lserféso%tmﬁ%f%wt@o bRt £ RALAIMI RALGMAAY @@@ﬁ@ tags.
Ext endi ng t cept of sinplifying the CID spectrum of a pepti by

i ncl udi n’@tmeforeaﬂlgeompmm'ﬁd)r smalhyassoliffergnce hetsicpm E and Ermmn@sseiﬂe torfésqé‘eﬂptl de,

ot hers h t t hat ta hi i L to the
N-termn 8"8?#‘?&% @Saﬁ’ﬂ'gt ﬁﬂ aalut;h on"'0 pra@gca?ﬂ'%?‘ég gpé;%tr&ee\ég% Qﬁ{ ?‘g/%m nal
fragment ions frOchB.mﬂﬁreeﬂtfuﬁﬁéﬁﬂodeﬁthhtﬂheﬁhﬁks@é&erdtﬂ}‘]i:fﬁt&rﬂn@teﬂ&@dfddhﬁbﬁﬁs of the’

presence or absence of a hasjc residue at the N-term nus. See, Johnson,
R S. 5 etcag|be disinguishsddom geple ydraspihens J0§ cxaggpla, dhe TBHO'E%QE‘S)"?‘&S% h, J.E.,

t al. w33dei | t al.
P T A A Ly b i g v o

}

Spect r onThe ﬁoﬂﬁﬁcﬂﬁ@mﬁés&ﬁﬂ)&ck\éﬁgm@ﬂmcﬁb@l is 167.120975, Bhieh corrbfpmadSpeact rom

20: 419-425 (1991); and Huang, et i ochem’, 268:;305-317 15-
(1999) . Steighipmeirk af qiyz,Hzaramd we@%molm%%maﬁs@@?reaﬁ?égabw g3 pg- T8fot e

fragnentatlo t hat . ecte b r,
i e R I S G A e T
I abelloed @Fi&toi&ﬂ%ﬁéﬁy Thaas®Rs rﬂénoﬁsox@ebmﬁc@eog P, thisiiNGH.0W4RF,

di et hyl al kyl anmoni um substituted pyridinium quaternary phosphonl um and

20 sul fmwmnpcuhdmg\tfaa(}gﬁgsto@hmmnrend sdiftesenoé ofiE@Pyipnt. abel s i ncl ude, ease of
synthesis, increase in ionization efficiency of |abeled peptides  and L

formation from a IFHVed fsopmantrameleculesspat inctyde heteroploransushys NapdBs wi t h
m ni mal S»U@tﬂé%&gﬁ!ég il B3R cfafrﬂglgglnésame%ss &ata o gmon&n%st £ @a@% Pepti de

Anal ysi ectro t ry, Chapman, umana Press,
Tot owa, distinquBB&) HozpramEd anhatoldchle thalseldtaing atstlox;hwmrﬂgrytdfé‘sﬁ{% wilktrave

i ncl ude those of the 25 di net hyl al kyl anmoni um cl ass and. quartenmary
phosighor# !@ﬁnw&tpmemassetbat inplxdv epm diferppidronydiaho r%@ﬁﬁbwgtlha?ﬂ%bsu t ut ed

pyri di ni.u er i. ives are useful h-.en ee, ~Bures, E. J., et

D el siistate v o5 s somr o sy Hnigeute fér cotins RongiblgpR: S0 1
Pr ot el n sttﬁ@hx@ﬂa@ﬁyop@ 4945 SR 36 GRRT TR kM CEF Sittlp7RERSS, 1992). Despite
sone progress . in anaT y3[| cal -met hodol ogy, protein. identification 30 renains

a maj or bott!| eneckWhen the ethltle ddotqpeodBONN,aed OFwoe ineckalep iretheicalcoltionsthei re up

51 ow 1 e e AT B O R Rl BirR SRRy b e EPRbR BT R ATALD, £ e

Toasl) © JRRARNGR 15 TR N St e ket o 8 g

| dentifi &R e;(llea{;'g g{?pn %%re tpiphpgqqn@%%gg Q%o@é&ﬁqhﬁ cBﬁt% g"[mCﬁaqg@ﬂ%]t ag (PST,

see C aus
stoichiometry. As the overall ‘mass of the tag increases beyond 200 amu, the mass defect . .

" introduced even with rhultip’le fluorines rapidly becomes indistinguiéh_abic amorll_g‘:_th_e‘defects_ =

of the other heteroatoms and stable isetopes-. Adding-‘ even more fluorines to the molecile is.

25  often not practical due to solubility constraints. . |
| The general problem of deconvolving individual peaks of interest from.
‘-'complex mass spectral-data has been previously described for complex’ mixtures of small _
molecules, (see Stein, S. E., “An'integrated method for spectrum extraction and coripound
identification from GC/MS Data,” J Am Soc Mass Spect, 10:770-7.8 1-(1999) and Malla_rd;'

30 G.W.andJ.Reed, “Automated Mass Spectral Deconvolution & Identification System,
AMDIS-User Guide” (US Department of Commerce, Gaithersburg; MD, 1997)) paiticularly
when-coupled to:time resolved-separation methods (e.g., GC/MS and LC/MS). However,



WO 02/ 066952 PCT/ US01/49951 al., Proc. Natl. Acad. Sci. (USﬁgA |3%'05972-5076
(1995) and Li, G, M, et ai., Electrophoresis, 18:391-402 (15 '
limtations on the ionization efficiency of larger peptides and proteins
restrict theoiomasdsrsi c detection sensitivity of M5 techni guesy@ndodsnhi bit
the use of Ms for the identification of |ow abundance proteins.
Furthernore, limtations on the mass accuracy of 5 time of flight (TOF)

det ect or shesgricchniguesdereraticen anplied trdrienohane (98-, prasgienucieiqadd, anéd net hods

of M5/ 'VSH:% n)?)&?@'c??ﬂé&g g%%rﬁ&ﬂéﬁdnr&ge&g%r e gltugb%sof lgg%l%%nge d%etst u@ﬁo tFac yt Ic

and/ or che ) nto  nore nan see er; R P.,
in: Mt had&eirmntfadzwpsmlabgyt,tem[ﬁ% 4B 1Y Btk 1(1t’h9t7®)3mmds;ﬁ§b&sand &:nerall@ sedibohods i n

Enzynol . 38- 255 rjog.t equenci ng. dd|t| previ ously
descri bedalv t% Hﬁ%‘r‘“gscgﬁa‘é‘ﬁ ?Ekjh%lw ﬁ%ﬁwg ﬁ‘:ﬂ’ pe egrtﬁf@i tifsatand t he
abundancaxfaRaithisnId AIERNTBRNAISRES W [ ng O D of such |arge

nol ecul es and inability to iden an approprlate parent ion to initiate

the sequence ef f eExiending themsnespeot srmplifins thedHe spectrun dagieptidsthyat egi es
h ave bee rln& %g %% OJOHE&?I’&W h’lgﬁw % élﬁl@lt llelqltﬁnﬁ) fli}ilf?#) {(li% Otﬁerg ﬁgvet h el r

separation otern T T 6 ngerprinting (' Ms 15
fingerpr ldetnongra)ed(thm attachargeshar®positie chhrge tcBlhe qummﬁs dhé‘r)t§the pasiuc@namn.
195: 58- 64 3 and ates Anal . Bi.ochem., 214:397-408
(1503) ) - AP scaah e HE A aREEns fons fsike BRRRYAEBU SRR B RIS (* NS/ VB
sequgqci ri@ga)nﬁl@s@%f ﬁ@@?ﬁset’l\@e,or B@é&ﬁée i a%iﬁ@ Tre%ﬂju@%t the Ii‘@telnﬁfﬁuer QEL IS,
conference, Boston, MA (Nov 10-11, 1997); ., Nature,

379: 466- 468, etlaggwyssaﬁvdct@mﬂpn Procpssen 6387 1545619§ﬁbé/at12623 %«‘iDZFI(BSJQQBZ) NG
i nger priptyngj, 235 AERL USRS PULRE UL 2 B VeI oM Y 18- (TREPRRART Severa

pepti des generateée di gest ’and
sear chi ngata, da¢tabas emf Sbe. Mmsmmmt@mma(mqmwm@m DR, et aBIHol.

fingerpri VB/ M5 vol ves actual det nation of one_or nore
PSTs of A??fé%%f{ff@.iﬁ%%@ﬁ@?%?ﬁ @Hdglfw%% Bneb sl iiecheragfBA0TI 4n 1 ons
inthe qlﬂﬁgb'%pﬂlxe%réﬁtcalgn all ¥a tiRldrd B Miced 8y cfd H-?ﬁﬁot@tfra?nentat%rpl‘ﬁat Nat | .
Acad. Sc 072-5076.(1995), have ~suggest ed t protelns can

only be lﬁiﬂfaﬁéfi @u@mf kgd-Flepsgad grpug:d Sehr"Enm@ﬂﬁ Ko, e el of virn&tiewnSaf, 10PpS#87+ hat
allow re Sg§§@@§3to the theoretical sequences det erm ned from-genomi c
dat abases t at, Electrophoresis, 18:391-402 (1997) appear to have
proven this asserthdbs/ha‘vlerbéemgbelédmth {cveral @lbisabbPfixddedhaidei gedips 0N of

i ndi vi dual ot M5 fingerprinting degenerated-as the 30 size of the .
conpar at |"\‘Féuc[ fhe@ ﬁw@ﬁw IR P S, 5@%@%?&%‘3@@% Aeptemagphosphogumyand j pj g |

~al sogqr eemrf&ﬁ.gnH&@Janmexcﬁa@a{c?mgwsxbfa@ﬁﬁ 15&1&9&1@&1 e%q}ﬂsgﬁ |ty ciaﬁefnhe

hi ghest abundance proteins in he gel because of' sensi Imtations
of the MBnizajiemeffiagnghofiihedled mtldasxamisfgnmted fﬂoas&labehtés:optpiq ofa LB

R S
sequenCI mgpmomamueﬁ Mass Spectrometry, ].R. Chapman, ed , PP- 29—41 Humana Press, '
Totowa NJ, 1996) reported that the Iabels satlsfymg these criteria include those of the
25 dimethylalkylammomum class and quartemary phosphomum derlvatwcs ‘Moreover, it has
| been reported that substituted pyndmlum derivatives are uscfui m hlgh-energy CID. See,
Bures, EJ., et al., Anal. Biochem. 224 364-372 (1995) and Aebersold R, ct al., in: Protein
Sczence pp 494 503 (Cambndge University Press, 1992) i
Desp:te some progress in analytical methodoiogy, proteln identification
30  remainsa ma_]or bottleneck in field of proteomlcs For example, it can require up to 18 hours
o generate a protem sequience tag of sufficient lcngth to allow the identification of a single
 purified protein from its predlcted genomic sequence (see, Shevchenko, A., ef al., Proc. Natl.
Acad. Sci. (USA), 93:14440-14445 (1996)). Moreover, alttiough unambiguous prbtein

‘identification can be attained by generating a protein seciuén‘cé télg ‘(PST, see Clauser, K.R., et



18 April 2005 WO 02/066952 PCT/ US01/ 49951 will inprove the q@&gq 2’1‘1’(‘)@ | ower

the cost of proteomcs research. Simlarly, as described by ster, the
preparation and purification of nucleic acids prior to se?uenm n even by,
nass spec‘ﬁ)(??ﬂét“g increases the time and cost of nucl ePETHEqI§Ps1
sequenci ng. | rrprow ng the discrimnation ability of the mass spectroneter,

such thaj mbd Wales RIO8&! (s AP ﬁj'fﬁ 5@% #:993) R VS acapaki HS £l ﬁ{)op@srzs

sequences can be determ ne In para or speC| fl C I ons can be etter
di fferent§: é&lewEf(ﬂ%?ﬁ)mrhllnataabmlomﬂlgmm@tlmtﬁ"mqﬂcy ohkesger pepdiddesndipreteinsi | i ty

i Stii. hod h h
Sy R TR e T S B SRE AT M R B0 Bt BARRIRIRNS  on o

mass def dedtificabigl d»ﬂ"[@wtaﬁuxﬂianw ploteal IFQHMerﬁforéIﬂinﬁtﬁtlbﬁSon ﬁeﬁﬁmcﬁﬂaey et hods
of the invention can be applied to durin .g either "in-source" or collision
i

i nduckd #ne 96@%5&@6?%6&6@%@ BN i2l58 FRRsti2H ﬁpialpaﬁw aresemily uizedampthgds
pr ef eren&m%hofs ?éqh@#‘x?ofea riHg (A8GHotERE bi B o geg Pﬂ‘Jteo?Mﬁ%ﬂ%% &emolﬁkd goner

fragments  (e.g., I C-or nzymatlc or Sanger or
sequenci mgansrigtg rent meyagchids ps;)t]des (Ehcls&mbﬂttreRpPeseMethvdS Frobszypelogy,de oI i goner

g ot ROHHEERAHES e BrfsTh R PR S 828 LB By o "ever

nore consqidrciHaaln @ddlmfev&mwedﬂwd mradaa’mecfuensmg IalgaﬁttMS/fMBoﬁo
sequenci ng of peptides, Sanger and PCR seq uenmﬂgﬁgl by mass spectrorretry (as

desct bekfotsins bR@?é’i?%ﬁheéthBﬂﬁq rpeptdedragmeatrporabEng (B of seh Bt ng as
L deser | bego AL &hacfity andfo Eﬁatsgareﬂﬁ ioftto uﬁcYat@{hc%Wu@@: ¢an increased

nunber’ sanp s to Simu rocessed I n para lIncreasing
t he abi Iéffcgutr@yclmtmertqumsés laddear ger nunber of tags in a single mass

spectrum al | ows | er conbj nat i brari

scr eened. I\/breove?[r“g ]Baslfeggai%lfs(lﬁ %CPBWFQF%E hr‘fd‘qgé%\ﬂlgﬁ%a@a" 8E o 1Iéjsnl y

f r agment ggbr UiirReparRBIAFRS 8 BlotsMiiR@ss: 1)Rgass pRITiIZ Bhg@prieinki(@igncy and. the.
volatility of the resultin fra ments are higher than those of the parent

ol i gbhrerfingemumtinga ficaglames. ipehems Biepys- Res-yCamiayn- W358 & ov er
other mefiGHz. }ﬁ A %PF%SOC#EJJ%P{ :S£RH p@égjgg hﬂ@)@&iﬁ‘éﬁﬂﬁ?o%ﬂ%h()d |

forsequencing a terni’na an o yner;, “conprising: 30
(a) contmomlpregtmaiodlanisﬂzgdvtﬁmsn(msmfls sﬁqeéncmgg )tmedﬂmMppoaﬂmeﬁehgcdatt ach a

| Shel i nrhC P e GerinpeaBor B0t SRBY D et G M al e e
from 17 im. 4%&46%1@62%(1@@&@@ EhAL Scisded26d: @raﬁlm%))emmgespmﬁmgtmer

than sulfur or phosphorus: and fhe ol i gomer contains no ril 05 «(b)"
f r agie ntachgvgchb)daqcameﬂ]eme@qungg g mapsesef sayeraknepHeasi g@nereqqéhﬁpytqt@olmc mass

spectr ongL L G ht AT Blodih 3R &%Hﬂ?r% 4 SutlaORS G KnBf pReif Wi E;e;f»tﬁéég ments;
mass fingerprint. MS/MS sequencmg involves actual determmatxon of one or more PSTs of
: the protein by generatxon of scquence-spemﬁc fragmentation 1 ions in the quadrapoie of an
- MS/MS 1nstrument _ - - *_ g
25 ‘ Clauser etal, Proc Natl Acaa’ Scz (USA), 92 5072 5076 (1995) havc 7
| suggested that proteins can only be unambl guously 1dent1ﬁed through the determmatlon of
- PSTs that allow reference to thg thepre_tlcal_ sequenc_es determined from genomic datab_;ises.
Lietal, Elet-tmphorésig 18:391'-402_- '(199-”]:)"_appear to have proven this assertion by finding
that the réliablg identification o_f individual lproteiné. by MS fingerprinting degénerétéd as thc_

30 - size of the comparative theoretiéal_pept,ide méss database incre_ased. Lietal, ibid., also
reported thét they were only able fq obt_a_i._ri peptide maps for the highest abundance -protgin; in
the gel because of sensitivity limitations of the MS, even though their matrix aésist@d laser
desor-pt—ién MALDI mcthodoidgy was deﬁonstratad tb improve .the_@et_éctiqn_§ensi§i_yity-over

previously reported methods. Clearly, rapid and cost effective protein scqqencing ‘techn_iques



(c) identifying a mass spectrumdata corresponding to said kghgl Ogl i goner
fragments; and (d) determ ning the sequence of at |east two te m nal
resi dues of said |abeled oligomer, wherein said sequence deternination

step conpr ve@exabbear i n nating between the mass of the |ab}9(|,“’|?6jso?4 fpner
fragment and an unl abel ed oligonmer fragment based on the nuc |nd| ng
energy of .the mass defect | abeling noiety, wherein said oligoner

sel ect ed il AproKe thgisperd and dovesrdhe ¢ngt @fpratepmef:aqarcposzymdwmuestmbem tel eic

aci d, amftolsﬂep'ﬂgz eprla&rﬂﬂ)% d%ﬂﬁﬁ?atxoﬁn?ﬁﬁiclg% Qhﬁls p%retaf%%ﬁr’#ﬁcggg,%%l O}frr]gléssrray be a

pr otein nuc erc

i dent i fysmtrbrlnetem Dicedases dhe tyaaencbq,bsusf mg:letxdsmcuﬂseamum Uptdingathe | €aSt two
uences_ from a, dat abase of gene

termnusd reS|dues tg g_ redicted s
sequence “HEEmapA abilly o ‘3% éEfECtmf'Wéﬁrpst“ggéﬁf muKipdsRrpisin. pradeis add. a net hod
for Sﬁquﬁﬂgkda%aﬁhde%tdtl% s&{uen@é@ B bOAIEImihd lﬁ’})aﬁlllleﬂﬂqzéaﬁg {E})Byéa% 'be 1

net hod coggrl Si ng (a) contacting the oligonmer m xtur nass gef ect
| abel i ngd Ff‘élfl?te dropowahelad afganig maishiak hes mslslﬂ@blfs@btltylcazbed:mmgmmhddy to a

term nus of said obgauel: A ALIAAe) Ryghlgomer - mxture, said mss

defect | abeling noi one elenent havi ng an atom c
nunber from 17 to 77, (b) separating individual |abeled oligoners in said
| abel ed ol i goner nixture, (c) identifying a mass spectrumdata
corresponding to said individual |abeled oligoner; and (d) analyzing said

massigpectrum data to det egUMRIARE CIETHENREVRNTION €ast two term nus
resi dues of said oligoner, wherein said analysis step conprises

di scriminating between the nass of the labeled oligoner and an unlabel ed
ol i gomer based on Thegrengot ieafcntiohmthwirgesehmatpg)}icﬁfontdﬂmasmﬁctmkhﬂacg tolaabel i ng

noi ety, o] is.selecte romthe grqup con5|st| ng of a _
protein, ngl ?/'géz}écﬁarolleﬁdeg gecf'é‘s%ﬁ‘?l"?e% hﬁd?‘éﬁ“ﬂo'é eaﬁﬂ edte $uE0L ¢ er mi nus
resi dueseuher ‘tpssbimaelt dranlwidiinducee RRkediath TR 6ligdalerintf qdaRRpbiagl ed protein
and @E’H?fieel n termnus. location of the sequence to sear CR redi ct ed

n

pr ot Redgentialnchminatesshaseeed dor e peris] sanbesiseftodigomer fagnientsd
aspect, (he cHérﬁ@lﬁrﬂE of éh‘é?ﬁtahe Hx&ggtf&\ﬂ' %ﬁﬂ ge{@tfﬂﬁ‘gs lncfH, rﬁ’a?&%é@s%?%s unction

anal ysi s of an i gomer “having a pl ty of Horer &
conpr i si Thys, thapresem neethidds grcs-adecblrglorrgosmuemmgmmeMmSardﬁ@mﬁbadtlgbadmag

ca0ent O 5 PR OB 20 £ BARESSS, e

irnp_rovement over more conventional oligomer sequencing approaches, such as MS/MS

20 sequencing of peptides, ‘Sanger and PCR sequencing by mass spectrometry'(as: désdﬁbe‘d by '
Koster and Butler et al), and polysaccharide sequencing as described by Rademacher et ai |
and Parekh et al. By allowing an increased number of samples to be samultaneously
processed in parallel. Increasing the ability to dlstmqulsh a larger number of tags in a Singié
mass spectrum allows larger combinatorial libraries to be synthesnzed or screened.. Moreover

25 because the oligomers being sequenced are highly fragmented usmg the present methods the -
ionization efficiency and the volatility of. the resultlng fragments. are higher than those of the -
parént oligomer, thus leading to a detection sensitivity that is improved over other methods. . -

- In one aspect, the present invention provides a method forSequcnéihg a.

terminal portion of an oligomer or polymer, ' Comprising'

30 ooaml (a) contacting said ollgomer with a labeling moiety to covalently attach a
label to thc terminus of the oligomer and form a labeled oligomer, the Iabe]mg moiety
comprising at least one elcment.hav.z-ng an-atomic number from 17 to 77, with the proviso that

said element or elements is other than sulfur or phosphorus; and the oligomer contains no



conprising a nmass defect |abeling noeity, wherein the mass ?T%fAﬁﬁ't dogbel i ng
reagent conprises at |east one el enent having an atom c nunbe o% rom 17
to 77 that is other than sul fur or phosphorus; 10a 18 April 2005 (b)
identifying a mass spectrum data corresponding to said differentially

| abel ed oligoner; and (c) anal yzing said mass spectrumdata to determ ne
sequences of said oligoner that are exposed in the three-dinensional
structure and sequences of said oligonmer that are unexposed in the

t hr ee- di nensi =l ' i . i ses

di scrimnati ngﬁﬁﬁﬁgﬁ%ﬁﬁg%ﬁﬂgﬁ%&{ h%ﬁ%g%? %’rﬂ}éﬁ%?gﬁ@ﬁf%ﬁgﬁ Eegd ol i goner and
an unl abePEHOHrligfagpenitise edad tomsodyae labeled oligpmetifragmenisr gy of t he mass

defect | abeli ' bQruSAd ' IS [ . group
consi sting_of ng) %%%%,a%%accha% %!gje %ggfgfgeﬂlogmggzb%,% g‘%grjﬂe?%algék ﬁ‘tls’n a
fourth a§‘ﬁ‘éct, the present invention provides a nethod for sequencing the
termnal port; : i LSi.NG: i .first sanple
of Sai d ol | oty i (RS GRAEE of G RARH SRl BN AT KO oS, °TC
the t er mivhEingridispengeidgiermination tep eompriecd digseiménating beguars the reass of the abel i ng
Moi ety hayeRE ofdncE SR antiah Iﬁnﬁﬁ%@f @Blﬁerrﬁ'ﬁ@plgﬂt bhde® Pﬁ%@ nhQeaf Zde(]?)

npl e of 0 wth a [abe y to

contacting a second sa sal Irgoner I'r'ng nol e

coval ent [°)ergy efdlesmaps Hefers abelinganaiety.iwhiecesn wid aligemerlis spinvted framdbd grown a | abel ed
ol i gomer comptith 4aHRlkiRDolyIRLFirbe NAVERICHWAI BHRAMENt S Wi th an atom ¢ nunber
from17 to 77, (c) optionally, regea_tl ng step (b) fromone to three tines
wi th additi on onegzeuploéembagifiaqnis, wherbia theatbigbergnayi e protsn, ipantidetdnmadic f our or

five eI‘ega@%,m&lﬁ)g%?Tf&rﬁlg}a&np}%gzh an atom c nunber from17 to 77, (d)
m xi ng the | abel ed oligonmers'tromsteps (a) through (c); (e) fragnenting

sai d 'abel ed ol iidsatiking thestirotefngngcen by nsing e sashenvobithé o lawst twotessinus

spect 1 OMRsigh&s tb SARAPRIREQ u@&febg&nta%aﬁﬁa%%@%né ?eﬁ@én?edda%-! gomer fragments;
(f) identifying a mass spectrum data corresponding to said |abeled

ol i gorner  fr Huierrnd asrepicithe presehé insention pregidesremstbeflfensquasting b phréias of t wo
term nal of slAUER aRbli egmkﬁg'g,lsgﬂme%ddggﬁgxrisﬂ Lagnments, wherein said
sequence det'erm nation step conprises discrininating between the nass of
the | abel ed of2) gemsting thagliasnter mixdure with alnmbedofut lebdlignmeietyf to agrintly based on
the nucheay mRiad e A mLity 8 tiBfitus SRLRCH: {nﬁ‘&%& F&mr{%b%{e){blim%% ern
said oligoner is sel ectedl rom'the group consi § Ing of a protein

pol ysacchaiyrgesaid maey defest labgligg mafety ¢onprriging at least one element having an atomic

number from 17 to 77,

(b) separating individual labeled oligomers in said labeled oligomer mixture,

(c) identifying a mass spectrum data corresponding to said individual labeled oligomer;
and

(d) analyzing said mass spectrum data to determine the sequence of at least two terminus
residues of said oligomer, wherein said analysis step comprises discriminating between the mass
of the labeled oligomer and an unlabeled oligomer based on the nuclear binding energy of the
mass defect labeling moiety, |

wherein said oligomer is selected from the group consisting of a protein, polysaccharide,

10



11 18 April 2005 In a fifth aspect, the present invention pquh@qﬁmﬁ met hod
for sequencing a portion of an oligoner, conprising: (a) fragnhenting

al i quots of said oligomer using one or nore specific enzynmatic or

chenol ytic fragnmentati on nethods to produce oligoner fragnents, wherein a
different fragnentation nethod is applied to each aliquot; (b) contacting a
first aliquot of oligonmer fragnments with a first labeling noiety to

coval ent | Brclsicragidrand §pid- first | abeling noiety to a terminus of the ol i goner
fragment steamusir@idied @RS EidatRh VERMBEa R BB diRate SBhIabliESlrol-RRRA 9 DI ety
havi ng one element with an atomc nunber from1l7 to 77, (c) optionally
‘cont act i nifoERderginye focation o Bie scayencs ¢ syarsh preflictsd Rivtrin seapenkesdTdnet databaset i nct

| abel i ng pMkRLQfRndcQafaOval ently attach said distinct |abeling noieties to
the termini of the oligonmer fragnents and form| abel ed ol i goner fragnents,
sai d di stinct IPabrdasepchiiicdrsyent Seripn provisiepr medpd fos seypiine andiidiionn at oni ¢

nunber fr@Elydid of 8 ofigomdr RhviPd JIRARY Y mFhothddd sdill Grefioll g&&f?ﬁrfsm%f | abel ed

ol igomer fragnments; (e) identifying a nass spectrum data corresponding to
sai d | abel ed of® gotAstng Pikafseneravitharaass defad iabeknsrasgntto difegidvdebebt  at
| east t Woexip@sRl fdBSncR{ and dhskpbRB &loBSmAS hetOiBiuce a wﬂetﬁ{ri]ﬂly%aie%d%ﬁg&% ce

determ ning step conprises discrimnating between e mass of the | abel ed
ol i gomer OFREHEHT Basydefectlabghnspesitavinreiy s§ defaghiebRling seagent spmprises abucl ear
bi ndi ng  1eREE@YIRntHACInERS StoHR MBmber BB 173 TRIHSLTY oth¥IBmSLFuRi d_ ol i gorer
is selected fromthe group consisting of a protein, polysaccharide,
nucl ei ¢ RPPRO™KRY |ipid. In a sixth aspect, the present invention provides
a nmethod for conparing the relative abundances of analytes fromtwo or
nore sanples, conprising: (a) contacting the analytes of the first sanple
with a labeling noiety to covalently attach a | abel to the anal ytes and
form | abel ed anal ytes, said |l abeling noiety having one elenent with an
atom c nunber from 17 to 77; (b) contacting the anal ytes of subsequent
sanples with labeling noieties.to covalently attach | abels to the anal ytes
in each sanple, wherein the |abeling noieties used for each subsequent
sanple contain an additional elenent with an atom ¢ nunber from 17 to 77;
(c) mxing the aliquots of |abeled analytes; (d) identifying mass spectrum
data corresponding to said | abel ed anal ytes; and

10a



(e) analyzihg said mass spectrumdata to determ ne the relaqhﬁ M dances
of 1la 18 April 2005 one or nmore of the analytes between the shnp €es, f
wherein said anal ysis step conprises discrimnating between the nas;_od_
the | abel ed anal ytes and an unl abel ed anal yte based on the nuclear binding.
energy of the mass defect [abeling noiety, wherein said analyte is selected
fromthe group consisting of a protein;. polysaccharide, nucle;ﬁ SCIE’ and
lipid. In a seventh aspect, the present invention provides ﬁ ge o] rp -
identifying a hel ed . molecule in a mass spectrum the met hod conpri sing
the steps of ( '&E@ L gpesirira dafa spreaspanding ¢4 said ditfbredtindly tibéleC ul e using a
mass  spedligome®bes , wherein the |abeled nolecule is Iabeleddm?thta :gﬁgh;ng
avi ng’ an- at oret SIS RN Freine: d o (bpreineeniabnat g oRUEeR he. TS
. : 0
of L he | iapbed ok eAldin R RS 5oL lecs WPLAPSI A Pl ecUl e in <ai d mass
spectrunnﬁgﬁed on the nucl ear binding e%ergy or t ‘ T d* 9:t N
Anot her eRbBECHERTSIoR3) sfreqte.evhersin seldeanpiptinged caprise d&p@hin&ﬂﬂlgﬁﬁtﬂdﬁﬂy ative
Compr | 5o (20 Cont aety oy ee DR B8 MR bR ot Wl & wi th o
conprise:,. contacting ! | tar mec
| aggl i ng br‘ré)di?‘@t%‘?e%OE{’EB%?S&%@FW@EI%@W@ whiren S@l@phgtﬁlebiseale#tait‘;fpﬂlﬁﬁlleangl fe gr m
a | abel edrhipaomistiagbea rb¥intiilysaCAAILNG aofh, BldTggr et of bi omolec
obtained fromat |east one other sanple. wth’a eling noiety to
coval ently at tiaaoat RP&t, thedriof ilRIB HEHIGS TR Ty RnlidPL &minal "
bionnlecukgn)t?enf_rst IabeLHng noi ety conprising at Ieast an F'enEnDiet
havi ng aﬁ’§f8ﬁi8 A b PY¥BHM& to 77, and each successive ange:ngfron1l¥
conprising at |eagf Qn@or@&ﬁhghﬁ&@émﬁ,h@m%o*ﬁgb’ﬂué}%ﬁ%”a @%13?1% ol 10
to 77, with the @%gVISO that “said el'ements are other l_a]ry_su u_du t
phosphor Galegthyat ahbﬂigﬁré@qmgzﬁﬁﬁﬁahii?ﬂ@ﬁfﬁﬁyedﬁzggggf?gisﬁg gur;ﬁr iy
havi ng anbain@Mdict HVRES orRIARE Wi i £
phospﬁorus; b) n?xingt%hefhifféreﬁ?#gPﬁyufgkégédpﬁfonbleguleézanples Irom
each source; (c)aﬁpt|6ﬁ%¥$§g%%ﬁﬁﬂﬁﬁwn§Cﬁh@ bligmsk edth kdebeling raditymo Yeg o
ot her meanska@haéicd 128038 ¥ Zhfud Hanbitdalef d@%&é(xa%a@@&n?%%nl%}.%l&{laﬁglﬁhg y

nmass spectroggtric nethod to determne relative quantities ' o

i ndi vi dulPVIBEPE B LIERaIEY IR asatepicnypbesiem a2t from sai d | abel ed
bi onol ecul es. Stild) angiBeillyerpeahERaS HyRbnT fledd BirdeRmeb Rﬂh’m&i%& of

i i rial |jbraries t he nmethod may conprise: 11b
encodi ngsa?n?) cs,lwaacltc?n the Habellmg mmet:ee’s have three, four or five € ements, respectively, with an

atomic number from 17 to 77;
(d) mixing the labeled oligomers from steps (a) through (c);

{e) fragmenting said labeled oligomers using an epzymatic, chemolytic or
mass spectrometric fragmentation method to produce labeled oligomer fragments;

0 identifying a mass spectrum data mneépondﬁg to said labeled oligomer
fragmenis; and -

(g)  determining the sequence of at least two terminal residues of said labeled
aligomer fragmehts, wherein said sequence determination step comprises discrirninating between
the mass of the Iabeled oligomer fragment and an unlabeled oligomer fragment based on the

nuclear binding energy of the mass defect Iabeling moiety,

wherein said oligomer is selected from the grou)y consisting of a protein,

. polysaccharide, nucleic acid, and lipid. N

11



18 April 2005 Still another enbodi nent may relate to, the @%%Hlﬁo

encodi ng conbinatorial libraries, the nethod may conprise: (a con?acti ng

the synthetic surface with a tag nononer to identify the chem cal process
to which the synthetic surface is (or will be) exposed and form a | abel ed
synthetic surface, the tag nononer conprising at |east one el enent having
~an atomc nunber from17 to 77, (b) optionally contacting the synthetic
surface with successive tag nononers to identify subsequent chem cal
process steps to which the synthetic surface is (or will be) exposed and
form a SHGEEHRSENS! el ' f he.ta nopers conprising
at | qﬁngt one el eﬁr%g%t pﬁgﬁtﬁfge@%ﬂg@gﬁega%{ 02?0?15 ?%reﬁ?clnf a&@%,o%) cl eavi ng

t he ‘PoNBHetO PR "ES) fromthe synthetic surface either as a single nultiply-
tagged nolecule, or as a set of individual tags. He 18 April 2005 WO

02/ 066952 PCTFSO Bing alfguatyof spid aligomerasing proEmarewpedfic t he tag(s) by
MALS Snsyetic b efitkiol tic TRkRadatiod mdadRiIe td Prbdick MRscalRe MGt PARGGSSI N history of

t he (ﬁ%rf%ﬁg. | n_each of, .t he_ nmet hods above, the use of -a robust al gorithm
f or FRFH fAEmAtatonmathod ixanplighiacahellidici ng of the ol i gomer fragments

provi des adva} agesniuing aFir& ARIRALE SidaincMBlYenS SAHEME): M8 90r | t hm
. appr.oach?s.é@ﬁe particul ar advantage is, for exanple, the ability to

par tTATY P € agh fapd é}@ﬁﬁl"‘H“ﬂﬂ“P'ﬁB’ﬁEPée%l“@‘?f theywhpomichiagmentsged ei ¢ aci ds
such as DNA and RNA) without the need for prior digestion into smaller

f r agteniabeled ohgwer frapuaits, erikfirst kbélinggne ety Abvingorcetdinguil agaemitsed t o

genef il t4f ihipppents. Another advantage is the ability to automatically
filter out chem céal noise (e.g., unlabeled oligoners 10 or nol ecul es and

or gani ¢ mat ri §) compamailygbst)cting thehwherabguapdoligemar fApatite withduant age i s

t hatg; 1RER i |.f- ' t he known ss_def.e of .the
Iabeﬁl%t%ﬁtd doegglr({%‘)‘jtt';1 egstrggéna?érng{( gert]ﬂl;ﬂ ﬁﬁg\?f %&ggabgrmgtlﬁ%igtﬁ)easrtgﬁlte%?%mé} 1 Z€ or

c onpigpmerdrretsnid endfori tebekeh olimeipn dngwcntdrat Histina thbakrigageciyhatingt t he net hod

Can (58 oPBHY terfl R orSh bl ARRLEF o3dvant age s that fever sequence
obi t

ambiguities result due to e I nproved absol ute mass accuracy gained by 15
wor ki ng at t h@ | owpterkllyinitine thygliguatpefdrbcipholiy@bcrdnginbes; advant age i s t hat
better ionizagion ;gekkic £ and] [ ensitivity
result from 3{3 ng “mor ?’@n@?ﬁ%ﬁ%@%@?ﬁoﬁ’gﬁ}%ﬂ%%lﬁgénbs?%gr? BIheE

i nt fgaweR:dadof a hard or ionizable charge on the fragments through the

addi tion of tge I@Q@hm%@&%%. .enggofamcmw&satesiﬁgﬁeﬁﬂgﬁe@ggg%@cﬁafge

throuygh the |abel is the ifity to determne partia 'sequences
f r oKBFEEH) Bidetenes faamnipinestercneprisrgylissominating between the mass of the

labeled oligomer fragments and an unlabeled oligomer fragment based on the nuclear binding
energy of the mass defect labeling moiety, V
wherein said oligomer is selected from the group consisting of a protein,

polysaccharide, nucleic acid, and lipid.

In a sixth aspect, the present invention provides a method for comparing the relaﬁve ,
abundances of analytes from two or more samples, comprising:

(a) coﬁtacting the analytes of the first sample with a labeling moiety to
covalently attach a label to the analytes and form labeled analytes, said labefing moiety having
one element with an'atqmic number from 17 to 77; ' | )

(b} contacting the analytes of subsequent samples with labeling moieties to
covalently attach labelg to the analytes in each sample, whereip the labeling moieties used for
€ach subsequent sample contain an additional element with an atomic number from 17 to 77;7 -

. ()  mixing the aliquots of labeled analytes; )
(d  identifying mass spfﬁrum data corresponding to said labeled analytes; and -
{e) analyzing said mass spectrum data to determine the relative a_,bundancés of

1lla



20 ';:”ont ain ionizable residues. It is o:)yi oursm;ob;hgzgl ;sléidl :cggr@lAPﬁl iolsagqﬁgace
: ds of the resent invention ap| ( (
:[5122} y;ihg (r)r;at gﬁysorgani c pgl ymer or relative quantification of any gre]gg(r:l![c
nol ecul e between two or nore sanpl es vvllth t he pr%: ngt ggt 25 EEFEF
hed to the organic polyner or .
:Z)Egg?l (F:T?'Inot\)ledit EI'a(I:E eDF\’AW NGS FlI Gg 1 shows the mass spectrum o{/ gl é/;f)gen |
phos ph@ng Pegerc phthe anadittosticgidey thefshmples %{;ﬁgﬁlgggsqgﬁ{,%r orreét&enrpﬁ IGnOZ Chows 1t he
[ 1 ' t ens e : G
pz& ??)Ejzd%lcrﬁggll%ﬁ“ abe S:Irc%ﬁ%%éaé??/%gé ébc ‘ﬁiﬂ?ﬁﬁ“"éaﬁd anrlabplad analyte based %ljs&vgra;all) 20
gmj se@Wl@ﬂmbindhthMgwﬂ‘Stﬁcxamﬂltaﬂl'cun?]@ﬁn'\;%in}ﬁeéa gnoﬁhgsghgxlgggcfnbgror .
gver | of all t 3 o |
g yooge, DrospFeR huort s o Sxdvadorndhianct o 50 050
i - i 51 FI illu t he | : .
arru.r 12(f)or ?ﬁgmﬁfgﬁnizfegﬂ:of thg4ggri odic table as a function of |Sf)jt ope
eSS number . JRReveBhiabiss e atoast IEnish b S5l AR Al abel ing
noi et i esn@@eﬁié]ga%?%g@c%tu ope br oHiﬁne substituent.
ro

structures of a nu > S BSHOA GomRsisEgithsssiapaofng at | east one i odi ne

i ‘ -1
substituent. FI () aboldu®¥infl g Shabd\ediull ang%le(afnfog%” gh. mannose-type

i i be sequenced “using 118 &8"45% ovi ded in
B! SERREs wheaos ool evleclo iaboketivifrsBbabel sbiery ASE b of 5 hi oh

ielyOcomypiiein® bl ahard ' lLabel ed with Label 1. FIG 8B shows
[rﬁgngzsg;c\%m ved?%%{;ﬂggj@g%% ect ‘i"g%&‘?“&"g‘%qﬁ %rmgamh‘i?odwc HERRG S (ke 77;
ifyedp

ol i gosacchari de UpGgdictrenihichnasadighe Bbeldd folc@f SlaAMSmbRSrdeconvol ved

ma ge 3 I - li,gosaccharide di gest
lgeted spaeise iHal thasd s 2k Gl PRANSS B LYAS s
I a;ZI Ceig; i tch Label 3. FIG G Shows tﬁe 3eco%%§1‘\9%‘5°ﬁﬁ§%°@€?@éﬁm‘sﬁpect rum for

ee 10
ipid o1 i bel 1 and Label 2 (see Exanple 2). FIG
alipi bel ed vmth_15 La e . ne o

i |1 ustrat es “aogenartalinebirmst dae b,k MetRLI L %ﬁﬁgﬁbﬁhﬂ%ﬁm

[ [ he am no acid
j efect element. that is |i rough™t
\(Ng)er te oaﬁtﬁ%ﬁnéﬂgﬁgl ncf}zerdq%quch‘ﬁgﬁf §B‘§Im1{“6¥es=tﬂé\"g'}“?th<ﬂ &y dompfiseshows t he

stonil v vt ettt AT 1,11
shows th@Ieh@TaREPMDS i £9 bR ks gsoalng% Hlabe

orm a labeled biomolecule mixture, contacting
a similar set of biomolecules obtained from at least one other sample with a labeling moiety to

covalently attach a label to the biomolecules and form a labeled biomolecule, the first labeling
moiety comprising at least one element having an atomic number from 17 to 77, and each
successive labeling moiety comprising at least one additional element having an atomic number
from 17 to 77; with the proviso that said elements are other than sulfur or phosphorus; and the
biomolecule contains no elements in its structure having an atomic number between 17 and 77
with the exception of sulfur or phosphorus; -
(b) mixing the differentially labeled biomolecule samples from each source;
(c) optionally separating the biomolecules by affinity or other means; and
(c) analyzing the differentially labeled biomolecules by a mass spectrometric method to
determine relative quantities of the individual labeled biomolecules or labels cleaved from sajd

labeled biomolecules.

Stifl another embodiment may relate to, the method of encoding combinatorial libraries,
the method may comprise:
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nono- |sotop|c mass defects tag. FIG 11 C shows the |sotope éﬁ@ﬁ ﬁﬁg mass
spectrum FIG 12A shows the resolution of b-ion fragnents er

chem cal noise in the nass spectrum FIG 12B shows the resol ution of
a-ion fragnments fromother chemcal noise in the mass spectrum FIG 12C
shows the resolution of d-ion fragnents from other 25 chem cal noise in the
mass spectrum FIG 13A shows the doublets of bromne isotope pairs that
are shifted from the periodic noise that correspond to nasses of the

si ngl e- chanoeenms ¢®BdiRbntls IRPR), theMlefod of3BoBMPMMbiMRrE0RARE $heof bromi ne

i sotope pairs that are shifted fromthe periodic noise that correspond to
masses oﬂngﬁéhg%ﬁﬁmﬁmﬁharged bl ion of the N-terminus of |abel ednyogl obin.
30 FIG 14A ang) dhiGrink R SRAUR shidee 40 RhRLSorBhe b WEAS hBbARR iAREGS ¢ hat

are shifted fromthe periodic species corresponding t he singl e-charged

at ion. Fpahichk sypheticsufacs Sgorwighe) eResedanddpen %labﬁe%wawmfewﬁgcmtbwg pairs

that are m&fdudet ‘%f xElﬁg’httl%t dhe 'é]eﬁx@ﬁt%aﬁﬂ%&i fSmit AhHES BRRGING 71,0 the
si ngl e- char ged i on. 8 April FIG 16 shows the raw, baseli ned,

and p-factor rfﬁk@tlwélw?rﬁaﬁtles thg sysjthetic mface widfesueepssiveiagmenimers tp ideRifit ed
i n-sou re Ssubddq@it cﬁélmcllq:oc@% F§QW1€hQH@§yﬁihet1chb@acejig (ro§ Qﬁm) Eptb%sé’d%ﬁ&'fohn of

usi ng sequencer erm ne the sequence O first five
resi dues ﬁwcgswbéabrkAﬁm%%w‘fwé@ (PN OIS EEOMpri At l%stzma olomentF| G 18

i1l ustratging a@fPRlcFumb@' o4 &7 b9y, a mass defect | abel containing a

conmbi nation of ionjzable groups (A ), mass defect elenments (Bl..

B ), and a cdfkleatingfhsimongmerias (skigom Fl@amthe\vré syrficeeifher smsingle mvRly-1 8a) as
vel | as aRosed fbRhllc, oY et dtGnddaliaBgf or a {(A .... An)-(BL.... Bn )- SA}
mass defect |abel (Figure 18b). FIG 19 i lustrates an exenplary sequenci ng
techni que using the nethods described by Sanger in conbination with the

| abel ing strategy provided herein. FIG 20 illustrates | abel ed bases that
can be used in the sequencing nethods provided herein. FIG 21 illustrates

a ddA*/ ddG nmass spectrum (SEQ I D-NO. 5) (see Exanple 18). FIG 22
illustrates a ddT*/ddC* mass spectrum (SEQ I D NOS:5 and 6) (see Exanple
18). DESCRI PTION OF THE I NVENTION O Definitions Unless defined otherw se,
all technical and scientific terns used herein generally have the sane
meani ng as comonly understood by one of ordinary skill in the art
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to which this invention belongs. Cenerally, the nonenclatur ?BHEﬁldzd'(‘)gr ein
and the | aboratory procedures in nolecular biology, organic chemstry .and
protein chem stry described below are those well known and commonly

enpl oyed i‘?‘nof'?ﬂé“é?zt. Standard techniques are used for pepCrdE* ¥ hthesi s.
General ly, enzymatic reactions and purification steps are perforned

according to the @%&ﬁ%&g&ﬁé '?o?nﬁoggfbhfdfﬁﬂetthg@ﬁby Th& s&:@&&%%ﬁiﬁgﬂ to

procedures are ge performed accordi hg t'o conventio thods in
the art datamirerthodsngen prakssimpflesteryodshq sefce.general |y, Sanbrook et at

MOLECULAR CLONI NG, A LA TORY, MANUAL, 2d ed. .(1989) ..Cold, Spri Har b
Laboratory Press, I?:S?Ctl)ﬁ C@E%AW%%@SV?’ thy Ve,(’%gﬁ%é"‘\s/gglﬁéﬂ@n} rtegﬁ% 1 og;/, o
Bi emann, laBdled Jif3inéP Seqd Biing3Stth SO ontsd ﬁ‘hﬁﬁmﬂt@ PrdviRR ANV AR otdre

a

i ncorporated herein by reference), whic re provided throughout this
docurfent conyengion saquPRCIREIEPTHBIMEAPRIOARRFSt e prbicatin pdenfage afoRenat i cal

and st ati.sti VSIS e 1@ i.cal ' i LS
Goscri bedifpfbihe 308y R Pl RAS LA 1ENRRLALders AP, Bl & nBNRLRER, D

2005 WO 2k e6BNB2anBEIMASEThed @einced farhygioadigestBndnideamhieetigmantsas masy

nodi ficati ons thereof, are used for chem cal synthgses and hem cal '
anal ysesPeHPaet ﬁ?%%@‘oaé?%eﬂu%ﬁm'“ﬁ"ﬁ’?g g&%‘?%%tr%hq&%}lm%%e‘%’é@%ﬂt 0 a portion
of a | abgivafiige it he BNty _fcﬁadt@ﬁﬁicagﬁﬁtterm@\th&ﬂi&alalomqaggluﬁtab@lk&@ﬁgomek |
distinct to be readily identified in the mass -5 spectrum of the sanple.

- Accofi rjimpolequirs apd gezadismeatiix pantarpipaets) inthemags spRetAIm hAvPher alNantedsns c

nunber f Qo fr 2061 ] i fj . VIR . that is |
ot her t'ﬁgaﬁt tﬁésjﬁl}}ﬂ%é? ESosr“g Ifﬁﬁoéﬁ%@%cgm??%g&%g?ﬁ ale.s%/fiée)%%ti- ve nlg%g%ﬂg?g%tnof abels for.;
use W t hregqui anglknowpdge of the hamtdedh siz¢ evamprsgenite defesnine teseqentai ni ng -

group | an roup. 2 heteropatons), such. - bi onol egul es,. i ncorporate one or
e ol At it SRS methoh sAR BF Mgk ioraeh S SRbriigege & o ost

pref err agaBes sdpfcasd snBigRitehR st S0EDihe RiRBVdibsbAM ks a8 LRI ddine@By |
yttrium As used herein, 'the term"oli %orrer" refers any polyner. of residues -

wherldi n werkiagaetie dere sndipths imess spectrarho Yghanoplsr edyanjageds thatlegier ieaization

Ceneral | - ' ris- -t ral ly-occuri nol ymer s
stch s TPty Aot €87Ryah ol B PHigh Jensi\i Gy I8 WaBEGHIMIRE VTS
pol ysacahaditidesandahéintiopiddion ofndatdhe ibiikeble argpamethe flmymants duswfialic t o free

radi cal ,” gondensat i on,_ani oni ¢, or cati oni ol rs of synthetic origin,
such as AtioRSf ™elabel-t ¥ef angthenedvnizges’ mﬁgﬁv&%ﬁ%&%@mﬁ% dPHYPesters,
pol yi m d@fiiy i ddidrbfind pHRRR biigomBALY Anetd ASmaBHok! (TGk otizomenfidhgore! yners of
di fferent nbnonmers in these classes of. S e o ' o
' 20  contain ionizable residues. It is obyious to those skilled in the art that the methods of the
present invention may be applied for the sequence émal_ysis_ of any organic polymer or relative
quantification of any organic molecule between two or more samples with the prpviso that a

mass defect label can be attached to the organic polymer or molecules.

25 | | - S
BRIEF DESCRIPTION OF THE DRAWINGS

_ FIG.1 shows the mass spe.thrum of glycogén 'p'hosphoryi;i_sé taken at highly
fragmenting conditions of 325V nozzle potential in a PE Biosystems Man'nér mass .-
30  spectrometer. | T o _
| FIG. 2 shows the peri-o_dic peakr‘p'at'tex;.n oBser;}ed at abouit 2 1 amu spacing
over several 20 amu sections of the mass ‘Spectrum of glj}éog'en 'phos'phoryl-ésé (Figure 1).
FIG. 3 shows the overlay of all the MS peaks ona 1 amu sﬁacing for glycogen
phosphorylase fragmentation data at 325V in the fan-gé of 50-550 amu. -
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“which one or nore anmno aclids are mca

synthetic polyners. The oligonmer that is subject to the ana Q/AW Ooget hods
descri bed herein 20 will have a nunber of residues that is typlc of their
natural’ly occuring nunber. For exanple, an oligomer that is an
ol igonucl eoligdgE@msr have hundreds and even thousands of residues
Simlarly, a prot efhn will generally have one hundred or ITDF@T/II@%II/'H%S
(t hough the sequenci ng of smaller fragments, e.g., peptides, is also
useful ). An oI i gosddcharilwberates the nuclediVisdhg YndayRr it{e@i@n:r’enftsoofthQ
resi dues. @ i.d will_normally have 2 or 3 fatty acid 25 reS|dB
herein, tfgle rﬁ‘t"cﬂ?’b?@??f‘)ped@ﬁﬁi“ﬂ@bﬁrnd pol ypeptide refer to a pol yrrer
of -am no acid resi duess ieatenThualines BPPhimid A B ARLAROLNIRLS I
anal ogues i ng
nat ur al | y‘ﬁé%embrpwgleénbstmwam ds, i ncI udi ng am no aci ds which are nodified

hoSooryl ot ony | G, BORRERRERe uinks LA RO B LBing o B0 bevinatt et g

but not |lesst bediotine syeptieates, enzymes, gl ycoprot ei ns, hornones, receptors,
antigens, anti bodi %ﬁ ?rowth factors, etc., without |imtation. Presently
preferred proteins’i e Hﬁ’élqeﬁ%étfe@ﬁﬁﬁﬂf@@egwamow s oligssagehatie iyt ¢dn 2005
WO 02/ 066R52qRaddIWS /tg@ggt; & dafi es, nore preferably at |east
35 am no aci d resi dglés and 0 mrﬁﬂmrgctﬁ{agﬁee?gbl y at least 50 amno acid -
resi dues. "Pepti de'FIGe‘F@ﬁl%OWsahedthyu‘rmd massthectsptebtmummgtsmﬁ@sam no

aci dgpan t,oget her .t h 0 alternatively referred
to azoa gﬁ"?{/‘ﬁ@plﬁa%%}%ghﬁégm# led Wt’fhnolgﬂ’gt:rg];fi(g‘r@ Oé"’rh ?ﬁ;&e&emévedénmer the
L- opt i caldefesspectrum fdr lachi g rainbSealypk S0FRacHAAdOBged $Bed AH Ldven 2! FiG.

unnat ur-al Cﬁg no a(a:d for exanple, p-alanine, phenylglycine and. .
honoar gi rﬁ %P dheglecvelyer nretHelens apestrimdone high niaposseyps elfgsaccherids - or L
-i soner. l!&beladwﬁﬁ}{@&b%lgre general |y preferred. For a general review,
see, Spato a, A F., in CHEM STRY AND BI OCHEM STRY OF AM NO ACI DS,

PEPTI DES AND PROTEFNS,9 showidlienstaivolvedamss ddfasteplctich foe ki lipid 1abiawvd Wank, p.
267 (3983 e llParngi?\hefrfzzfecéltrenc'szt)t ag," as used herein, refers to a

cont i guous Ser’ es wo amino acids representing a parti al

sequence of a prot El@l%llm@feeargeﬁérﬁﬁﬁubtnfé 468 photdclbARBle xﬁissEQfécﬂlSWe‘F““ on
or afra Iabg&f of the invention or .an ionized derivative of a

a
| abel of @}?rrt'\*/@ﬁt”i“"éh ge! etpent ks hnked thequgh thecinigo esid(Byto thef ers to t he
mass di sp@qulﬁdérgpﬁ]g\%@d& _cal cul ated and actual nucl ear nmasses of the
elenents. It is define he mass equi val ent (according to the theory of
relativity) of t heFKhdrl@rwhneedeaﬂetmwbbrad nesepetienis oﬁﬂﬁrphotoﬂﬂ&rédrﬁass :

20 defect FIG. 11B shows thic tag bromine i isotope resolved spectrum of the photo cleared

used

mono- ISO[OplC mass defects tag. FIG. 11C shows the isotope-resolved mass spectrum. .
FIG. 12A shows the rcsolutton of b-ion ﬁ'agmcnts from other chemical nmse
in the mass spectrum FIG 12B shows the resolution of a—10n fragments from other chernical
noise in the mass spectrum FIG. 12C shows the resolution of d jon fragments from other
25 chemlcal noise in the mass spectrum. '
'FIG. 13A shows the doublets of bromine i isotope pairs that are shifted from
the periodic noise that correspond to masses of the smgle-charged b ion of the label. FIG
~ 13B shows the doubléts of bromine isotope pairs. that are shifted from the periodic noise that
| correspond to masses of the single-charged b1 jon of the N—terrnlnus of labeled myoglobm
36 . FIG. 14A and FIG. 14B shows the doublets of bromme isotope pairs that are
shifted from the periodic spccms correspondmg to the single-charged a, ion. |
~ FIG. 15A and FIG. 15B shows the: doublets of bromine isotope pairs that are

sh:fted from the penodlc spec:es correspondmg to the single- charged d,; ion.
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‘constituent isolated nucleons. See Bueche, F., "Principles g IneS"

e Gav=Hi |4, NY, 1977). 20 The term "deconvol uti on"” broadly Qefines
mat hemat i cal procedures and al gori‘thnms for recovering information of
tnferest fromdata that contains both random and periodic noise, or which
has been ot herw se obscured by the interaction with el ectronic,.or physical
coll ection methods. The term:"alkyl " is uUsed-Hefein to refer” ‘o a branched
or unbranched, saturated 25 or unsaturated, noRpyg)ent hydrocarbon
radical, genepgt.hy KoM HiRGady | ABR1AED bikd L £a30r pasdhy ATG-Br P aAdbbeled from
4-20 carbons and nore pref erab]y from 6-18 carbons. Wen the al kyl~ group
has mmhblnfsamrﬂ%w-samw anBSHTOFmesseincelsPnedtas a "l ower al kyl." Suitabl e
al kyl 1 adi cal g6, chditlhe bRt o UGl Euoilel UBLIMCRRIGRBAL HloBbdiEn@i dr more
nmet hyl ene, I ne and/or nethyne  gfoups. Branc structures have a

5 br anﬁﬂsiﬁrgwmhmsfm@Bnﬂ Mﬂ@eledmogiybm SEQIM HOS:lanBd)-yl , 2 30 et hyl pr opyl,
etc. As used g term.encomnasse hst,i d "cyclic
al kyl ." " Subs?ﬁ?ﬁsnu erl%}ﬁsﬁg‘en?%ﬁ;rs Ora %SSdS%Ctﬁfblfﬁs?én? gé&(%&gbll r@ udi ng one

5 Or NBfieniz4bleedupk paNt. &n)smda dafect afeﬁfen@{(]’ﬂﬂp]ﬂe),, aﬂdml\@re subdimib antopdyifle acyl ,

hal ogen, (i.e |, e.q , CF3 16 18

PCT/ @%WF@W(SI@QQ ?YSaé%ﬁVﬁf‘gl as gp R\S%E%}IS W&%S& ﬂ%f-‘ofm' %g@van%%ﬁ ﬁgrggam do,
acyl g;gyma&r@éfeanybe}@;g}ﬁt@pgﬁpl kyl, mercapto, thia, aza, oxo, both saturated
and unsaturated cyclic hydrocar bons, heterocycles and the |ike. These
groups may beFEiBdkushateranangmplam sesucrningdemniane weng themethads dessriped i et y .
Addi naII or integral to, the alkyl
chai hy g‘?ﬁ %@ﬁa}?ﬁgﬂﬁfﬁ@?@@@ig %g%@?@gﬁﬁ%doﬁegee er to an aromatic
_stibstituent, WG xmmyateﬂeb&dshaﬂg thet candrasdddn the sguencinpah¢thglsgravidsdat i ¢
Tings which are fused together, linked -covalently, or linked to a comon
gr oup®8lich as a net hyl ene or et hyl ene noi ety. The cohmon |inking group may

al so be a car mm iBStrhtBs :b@ﬂz‘mat}éﬁs@sa@pecm (SEQMNOE5) (e xaplert@y i ncl ude
phenyl, naphth bi phenyl , di phenyl methyl and benzophenone E’f%ﬂpﬁ”m hers.

10 The term " ﬁ‘;ﬂ 21@#&@%@%@&@% speriyim (SHYID NS ang ¢ (ser

" Sub%)ltut ed aryl" refers to aryl as just described including one or nore
functi’onal groups such as |ower al kyl, acyl, hal ogen, alkylhalos (e.g.
CF3), hydroxy, am no, al koxy, al kyI am no, acyl am no, acyl oxy, phenoxy,
mercapto and both satu i c hydrocarbons which are
fused to the aromatic pﬁ%gg‘% %Icﬁ)@ W@ or 15 linked to a conmon
gr oupeBnigibnsas a net hyl ene or et hyI ene noi ety The |inking group may

Unless defined otherwise, all technical and scientific terms used herein

generally have the same meaning as commonly understood by one of ordinary skill in the art
to which this invention belongs. Generally, the nomenclature used herein and the laboratory
procedures in molecular biology, organic chemistry and protein chemisiry described below
are those well known and commonly employed in the art. Standard techniques are used for
peptide synthesis. Generally, enzymatic reactions and purification steps are performed
according to the manufacturer's specifications. The techniques and procedures are generally
performed according to conventional methods in the art and various general references (see
generally, Sambrook ef al. MOLECULAR CLONING: A LABORATORY MANUAL, 2d ed. (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., and Methods in
Enzymology, Bicmann, ed. 193:295-305, 351-360 and 455-479 (1993),which are
incorporated herein by reference), which are provided throughout this document. The
‘nomenclature used herein and the procedures in mathematical and statistical analysis,

analytical chemistry, and organic synthesis described below are those known and employed

14
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al so be a carbonyl such as in cycl ohexyl phenyl ketone. The1é?é|rﬁ12005
"substituted aryl" enconpasses "substituted arylal kyl." The
"arylal kyl" is used herein to refer to a subset of "aryl"™ in which the

aryl groupweorickgghed to anot her group by an al kyl gr oup fined
herein. 20 "Substituted arylal kyl" defines a subset of Eépggﬂf‘%gdlaryl "
wherein the substituted aryl group is attached to anot her group by an

al kyl gr dupheast. demdaddetianien. or nibdefidatiom thereyf, arelmem&edhérmcde?ﬂheséﬁmﬁi

ket one SLUH%H angg s AOR where Ris alkyl or substituted a aryl or
substituted ary &%gef i ned herein. 25 i odine atons. The term "| ant hani de

series” refers to. Theteshewnss Seftdt” bitenfe dbeei Iabdrakiids W 4 foridd 9 | ers
bet ween 7 and 7 The term "hydroxy" is used herei nsto ]Ebe 1er tog?‘ﬂl‘ewgroup

-OH. The o Lapg! thpt Prayides @nass sufEsientandelistigrito bemérlmctcnﬁﬁm"tﬁe masse 30
I ndepsndeﬁédtmm“@ dMipte. aA&’dor(ﬁﬁ%liLméHaEéj(ﬁ t%‘eggx Qﬁé@ﬁfﬁ%é}ryﬂgo

enconpasses . "al kyl am no"_ denotThg secondar A
"acyl ani Amigawsbdrisil fignt h'ét097r70mp mdiae:é}@)ci\ﬂl?ally b@twksn 2pind 6R Abis\MheP HhR66952

" PCT/ US01, k fer to the -OR ;
her o R Fata gt pAAnd L i S sk MRS RebEbEbde ke ure v hinsl areanors

radi cal s chelmbaldee,veri Mga@mah’&h&als combAMEYgro®l DaXY grobp BUERXMAton®D Gu 116% used
her ei n, é yl oxy" denotes aromatic groups that are ik 5to

anot he_r ecH[nF é’&‘fqu';’f’r? FBG GhMare dsyerEnhaiivgrn Atpinis nuether efESoimsasses
"Subs0 i t BkaEplefbDhOMBEt PTDfREA Blsd JLrlil &1 tﬁqbe?@éenqs rtomgneg ?@F@Xé}g@‘g@% jtuted

as descri bed above for substituted aryl

i ncl ude ﬁ‘lﬁ‘é‘ﬁbxy, substltut ed phenoxy, benzyl oxy, phenet hyl oxy, etc. As .
s attached, through an 10

used herein "arylo fines.aronatjc

oxygen atomto )a/m a E%SF%‘}JE“E I QSO Wéﬁ% " PopyEer;of residugs W@fﬁyﬂal kyl "

encorrpas&esesnd’&mkretsimlwrpﬂo dy@?émgl Mlldenm‘eﬂet@e@,graup a‘ﬁ'*Hh%QmEﬂ? ;u& tic
ed use

group is. Sﬁgstltute as descr for "substituted ary erein,
the t er mMeligr thegpigrallyaqenrag pelymeissychvss Rfﬁ@ll‘geﬁaoahclscttrdm:muclelc acis,R wher ei n

RisiH  alide¥dcch@ddd, pBlysREhe5EREY 4 fpid> axgcfat?lg kB eBhE&%& may also refer to free -

radical, condensation, anionic, or cationic polymers of synthetic origin, such as but not
limited to: acrylates, methacrylates, nylons, polyesters, polyimides, nitrile rubbers,
polyolefins and block or random copolymers of different monomers in these classes of
synthetic polymers. The ohgomer that is subject to the analytical methods described herein
20  will have 4 number of residues that is typical of their naturally occunng number. For
examplc an-oligomer that is an oligonucleotide can have hundreds and even thousands of
residues.” Similarly, a protein will generally have one hundred or more residues (though the
sequencmg of smaller fragments, e.g., peptides, is also useful). An ohgosacchande will -
typxcaliy have from 3 to 100 sugar res:ducs A lipid will normally have 2-or 3 fatty acxd
25 residuies. '
' ‘As used herein, the terms protein, peptide and polypeptide refer to a pélymer '
- of-amino acid residues. The terms also apply to amino acid polthers i which one or more
“amino acids are chemical analogues of corresponding ;naturally-occuning.ammo acids,
AimcIudmg amino acids which are modified by post—translatlonal processes (e.g., egcosylatlon
30  “and phosphorylation): -
. “Protein”, as used herein, means any protein, including, but not limited to -
ppeptides, enzymes, glycoproteins, hormdnes, receptors, antigens; antibodies, growth factors,

etc., without limitation. Presently preferred proteins include those comprised of at least 25 -
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15 The term "saturated cyclic hydrocarbon" denot es groups sy ﬁ§2
cycl opropyl, cyclobutyl, cyclopentyl, etc., and substituted ang ogues of
these structures. These cyclic hydrocarbons can be single- or multi-ring
st ruct ur eVOPHEBO®PE m "unsat urated cyclic hydrocarbon" is BSEYSIE8¥scribe a
nonoval ent non- aronatlc group with at | east one double bond, such as

cycl opery eng ’aﬁlﬁ & u%g,x HorE" pre%r% Ig a?]%as‘??g aﬁl'ﬂgsalc!ic? #Eﬁgesaﬁlﬁlsﬂﬁr Tte hré%rglﬂ%h

These cycC rocarbons Fcan res
term" he&t@éa@taawirﬂma&cMs&dddwr ein refers to aromatic rings |n vvh| ch one or

more carbon atons of the I’OITB.tI ri n]géys@) atﬁie repl aced by. ergatom such
as nitrogen, oxyg&RPle" LHiFP {2 Polyp gh thg manemers arg pEe PRAE nmay be

a si ngl §offQMetifer aéo Ogh%;dérwnug RAtBrnaf IR tf&rddi 1B A€ & bolyRép tﬂ@eW’:{enrmé e
aromati ¢ rings coupled to one or nore non- aromatic rlng(s) I'n structures

havi rfg ramhihd ptids aiermgsminohweids; enber thaib-optcd isongr Dbtyepkrmtlcal lSomft(@dn boval ently,

or linked to g conmpn group, such a met hyl ene, or eth e.noiety. The

comon | Y5k ﬁﬁd‘&PBﬁ}E’ HW“HE@@'B%@%‘?SGEF%W%‘E a!aﬁ'“ﬁﬁﬁﬁ}"ggv HedPf ketone. As
‘used  heflddroi an@qr% aAdtfilcRged wheahmﬁammawber@mei ®E¥AZRN CisoRfat. hehd i de,
pyrazole, in furan, 30 etc. or benzo-fused anal ogues of these rings

ar e def iip@dethypret geeeraly prefertedt & poagsreral tevievhigea Spatolp, 4l Ky it CHEVISARS AMPsubset

et or ar SPCHPUTER BF BvDeReRt e bes SRo R e s R 0RRELAY, ® t e
PCT/ 4S0 1p 488k Newbubiad, pt 2687695351 eroaryl " refers to heteroaryl as just
descri bed wherein the _heteroar ,hucl eus i.s s bstl tuted with On%@’e gm)re

functional groups ?m;ﬁmégqqegwg é‘éi k"'§|use heggm, e tﬁééﬁm‘%’ré’luéé‘?WIo
- CF3), hwgés‘éw%mﬁmo%& &)éﬂtméai sﬂ‘a)‘r]'g St nceP4l RGO A @?éﬁe@)%T ﬂgﬁxﬂé’spt 0,

etc. Thus stltute nal ogue eroaromatic ri ngs such as
t hi opheraelgquyorf thoki mef;ntuoaoxafragre@ntpﬁa kedekel wﬁthﬂamvgymamlaammztd@!leevaﬁwﬁﬁ etc.
or benzq ?&5 anah ues of these rings are defined by the term
"subst i tﬂl?e & HERYS P‘?/ " "Substituted heteroarylalkyl” refers to a subset

of "gubstituted hefiRrnem yducle@ﬁbm&iﬂ‘@@ridr@ﬁ’deﬁbﬂ%&hé Maswhiigharsbetivésd thgr oup, as
defined herein, links the heteroa@g l%rou tao another group. 10 The term
SE

" het er ocSplsuiaged gng agiabnyeises massewo msBis o ltip Aefingrd @p thednass F&‘t“é{ﬂl%‘r
unsat u rq E&%E‘ﬂ% tc?t'hQ ﬁﬁe%h%t%ﬂh‘ﬁ gﬁ SYP‘%“@I%§ 'n@ﬁieﬁ t& {e30a Rlic1dldlbhdp E oGende ”_’5 ed |

rings from at ons rom et eroat ons sel from
ni t r ogemonstithén nsodntecbm;p@;mns wBdelBuechd) €., PrigriplBsiofhPHysics’? @ég@xlawsﬂdi,éﬁ f or”
exanpl e, 191;19 T ahydr of ur an nmor phol i ne, piperidi Q_e pyr r ol _| di ne, et C.

20 : : . The term “deconvolution” broadly defines 'l_nathematic:,al-rproced.ure‘s an_'d _

- algorithms for recovering information of interest from data that contains both random and

- periodic noise, or which hés been otherwise obscured by the interaction wit_hfelec‘groni_c or

' physical collection methods. . -

The term "alkyl" is used herein to refer to a branched or unbranchcd saturated
25 R or unsaturated, monovalent hydrocarbon radical, generally having from about 1-30 _c_:arb_onS_.

'I and preferably, from 4-20 carbons and more preferably from 6-18 carbons. When the 'al.kyl.
group has from 1-6 carbon atoms, it is referred to as a "lower alkyl." Suitable alkyl radicals
include, for example, structures containihg one‘.or more methylene, methine and/or methyne
-groups. Branched structures have a branching motif similar to i-propyl, t-butyl, i-butyl, 2- .

30 .ethyi_propyl, etc. As used herein, the term encompasses "substituted alkyls," and “éyciic _
- alkyl” '
"Substituted atkyl” refers to.alkyl as just described including one or more-

substituents such as, for example, lower.alkyl, aryl, acyl, halogen (i.e;, haloalkyl, e.g., CF3),
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15 The term "substituted heterocyclic" as used herein descrgﬁgamqﬁﬁgbset of
"heterocyclic" wherein the heterocycle nucleus is substitut ne or
more functional groups such as |ower alkyl, acyl, hal ogen, hal oal kyl (e.g.
CF3), hydr owyyn@bdeeo, al koxy,. al kyl am no, acyl am no, acyl ox mer capt o,
etc: .The term "heterocyclical kyl" defines a subset of "hetBFB%§%VP$“
wherein an 20 alkyl group, as defined herein, links the heterocyclic group

to anot hehycyompmmﬁhdkmefr; alkylaméloabelarhiab Shivaindid, he/ 16! RN, ASRAGLIRYL, Ve
bi ndi ng of nt. or metal ion to a substanti aIIy or gani ¢

t
nol ecul e ?ﬁ% gtg %WO?F Wa'l’%ﬁ?atﬁ’i%ﬁqsandm%‘é‘gm‘%@ ligihydrogarbens; hrisrepicles
or ganonet gid the 1ik®| B %&g)s%)%%ﬂ’aéﬂedw 8{0&@@&% sal{S‘sYlﬁféH ?f‘ he%ﬁ(:yflglog% a

mass spectrometric met for inproved scrimnation o
unl abel edA%F'@%a&We@e@rgmpagﬁmb@Qemﬁenhﬁbremmetsgmhtohéwmﬁos chaipect r onet er .

This nethod can be.p o, Qfw ence determnat.ion and for 30
i ncreased conbi nat or :ég Ilgm et“ﬂ%? gﬁr B%mb?rg@?i“fﬁ‘ﬁ’é{@&mi Whighdnayas s
spectrumbeTa‘mnglpamsmm nﬂpbxhﬁ(iltxpl% awrﬁﬂtdrﬁigd whycH 2 flstd '@ obiher, ifked Nus of a

nol ecul e Qr @to ﬁ{%%g with a |abeling reagent t hat |ncorporates a nmass
def ect, aRd2§M¥%er {9 %‘“’E‘H@“E’é’é‘alwqw aaeiRylges arethylenergoiapyr The2005 WO

02/ 066952:oﬁﬁ;rdm@<1ﬁ%4g9&§ﬂmamsd BOLLAOOIPLL eRAphb AL OTHE bR BELRS

nol ecul es or. unl abel ed ol i'goner fragments in 't nass sp BectTum
enmbodi merdRay inglyde phenyi, rlg?chﬂ‘ofi :bimyylbépb@l:fh&ﬂhﬂchndmerhzophmdnﬂtambhg bihesbel ed

I d f
? i gqier ﬁl{qume%.ﬁ eﬁddnghs[s&er g&i{dﬁ%l" %F%Z%&toretsﬁ .Of a mass spectroneter

in- source frag ati |on cell of a MS/MS

[ nstrument and usf’&tgasatutedar}h'emrs Codrylads 9@st HERAbEDInSRLR IS hidge t €r m nal
seguence- Iﬁé ng ~fromithe | abeled end. In another enbodi nent,
g518 >su éiS

| abel ed Ayl 2ev halegepcallihalat (euge fFs hthedroy, amino,

chenol yt iaial 1Y 218108 Yd¥Pfain hat conprise a
sequenci r?g f(!’)ryai rf’;lyd?jer >df I aggl hﬁlﬁggﬁé‘ﬁ%gﬁﬁgﬁﬁry% m caI |y

i dent i fi &8satwraicd ey¢hudwdwpabensuvhich amfosed to ﬂhefafcen&thn@(s),rM&ddeﬁﬂﬁitlnyr t he

| abeks L o) o) 0 ra nts are fferentiated from
unl abal eglgﬁ%f%or#gbg%dp rsﬁg’h@h 'gl %{epﬁg ‘%Hﬁﬁ?eqﬂ@eﬁhg@‘ iRg SIPURMRY t he
resul ti nglsnhss cs:rheﬁjtzlrsu:m BMdc@lchelpighenaikeions frh%hﬂ%dsaﬁ&é@ﬁypl i gorer
fragments_and associated wth the tonization matrix and

cont ani n§EYHY puted arylalleyhgnent s by 15 their rel ative abundance and/.or
uni que mass si gnat PhERmh %aflﬁl"ﬁ?ﬁse‘dﬁé&uﬁ frgfe}% ﬁbs&%@%@&’%ﬁvlﬁcﬁ@hl ng-

systemis used by the algorithmto strengthen certai
: aryl group 1s attached to another group by an alkyl group as deﬁned herein.
20 "Subst:tuted arylalkyl" deﬁnes a subset of "subsntuted aryl” wherein the
substituted aryl group is attached to another group by an alkyl group as deﬁned herem |

Thc term ' acyl" is used to descnbe a ketone suhsntuent —C(O)R,. where R
is alkyl or substlmted aIkyI aryl or subsntuted aryl as deﬁned herem _
' The term "halogen is used herem to refer to fluorme bronune chlorme and
25 iodine aioms | | ” o
| | The term “ lanthanlde series” refers to the eiements in the peI'IOdlC tabIe w1th

atomlc numbers between 57 and 71

The term "hydroxy is used herem to refer to the group —OH
s The term "ammo is used to des1gnate —NRR wherem R and R’ ere
30 mdependentiy H, alkyl, aryl or. substltuted analogues thereof “ Ammo” encompasses

_ alkylammo“ denotmg secondary and tertlary amines ancl "acylammo" descnbmg the group |
: RC(O)NR'
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sequence deternined at successive residues of the mass | addeg . ibgpene
enbodi nents, this process is acconplished in less than 1 mn Por a
purified | abeled protein, yielding a 500 to. 1000-fold nore rapid nethod
t han curr eMP 'R prot ei n sequenci ng techni ques. 20 I n odETARBYHOHent , t he
| abel ed ol igoners are highly fragnented in the M5 by collision induced
di ssoci ation (C D)pheGhit 0ARoRP REEQI kRIS Fetbiiol e -LOR! %-gﬁls,%&ggqs (e.g.,
in-source) or in a collisioncell through high energy impact wt
non- ol i gelkgl, ogasestifutidr odlogee theoedfh Suitabl alkiogy reberds inckdef for exanplabel s | ead
to increased ionization efficiency and enhanced volatility of the '
resul ti nﬁl-cﬁ’é’ﬁélegf%f’xéﬂ f‘é‘ﬂﬁ@?’ 4%agment ions, relative to the parent 25
ol i gomer, thus i mM{oyleA%eldit RYRLA! TarfikPCddnBRs SRMRC dbhps ;aﬁra?éﬁﬂﬁad |
| abel s inmpart a unique nass signature to the fragnments to ich they are
at t achedto dnotler pooup doedthr thyoughehenagygen atemb CHiisreemin, enchmpasses) {sabstmgad

consist of one or mpre elenents incorporated. into the |-abel

si gnature Y S :

t hat con?ré'WamdﬁElF%%W’bﬁchﬁ?erﬁO@ﬁ%? &5PupHs ubstiyiad-AsdessriRed abeYetos from t hose
of the DREES 22 8 OF4 | 10tkels GRS, j . , 0, N, P
and S). ?gr?%anotﬁglsyﬁséoﬁ%%g@%ﬁyvr?éﬁlt% x§ gﬁb rh&ieltsuré Sfﬂhﬁgg’fyégﬁ%%ﬁtgd g!llegi{) l|{),r?ct

ver si onsbaxizylaxy gihehetliyxheraised concurrently wth the relative abundance

of the resulting isotopic pajrs to deconyolute peaks of interest in the
mass spectrum |n-wﬁ@r~'remm0ﬁ%ﬂgyl s a50TA BT oL ALaEhech SKIOBR g ¢ 1 on

of o o] ‘ I t _ (52 + or-1 nal ogs
(.o e ifolBaiilioRbedlp MAGHRAINS IO FPRRRIEE: el

i nt er est "substitited ayxyslRel tmoeistieslin vetich the anohdviergraGp isSsubgtitided 29 0&cid

02/ 066952 PCT/ USQ /49951 enbodi nent, peaks associated with | abel ed

ol i gom&*rg’,r thé%@ﬁtaglor ions may be deconvol ved from unl abel ed oligoners

or fragnments by thgi S | " f.t. i

sequence tag i s p:hgsflgsggg?%&égﬁgs{cﬁﬂc}gbgcﬁ)?cgln@?ﬁgs g\l/stu%gfjg@ﬁl%g{ri@é\}es%lﬁ?reend of
t he mass—SspRaitetyin RAS OFialikyl Garglyahdta@esclio\we egdribed hegihods, such as
greater absolute mass accuracy 5 and nore facile sequencing. In the case of
protEl ns, this advdatege " wurated srelicdeydrecasiont’ idgnotes grogpdisushies thesi dues, from

| anel 1 o eIV SEHERHE S e el B wEhA R R RO RRERY, ' °

First, tTieskapdic hysropir8bey el be siglleissr mmaUaty dumucaitty/i ve the fragmentation
conditions of the MS. Second, the |abel preferably also creates a unigue

mass/ charge (i z) The ymyrensgpeatgdecysiic hydrpgarbor/efsaused ta describga monovalent

di stinguishabl e.from ar | abel e i.goner fragnments enerated from ' R
't er nal MO Ous Ar0Gh A el e Ble BT ek o F e e SRR 0 gani ¢
ol expul emdts0BdintBYatARgRELHSRLL. ThefecyeRER) ®ocalBbishanteRidgd @ niBY-ria SO -
carry an ionizable .or = permanently ionized group .to ensure that

f r agmentsuicwiEespr oduces hi gh- abundance ions that include even uncharged
term nal residues. : - T ‘

The term "hetéroa-ryl" as used hérein refers to aromatic rings.in which one
| or more carborn atoms :of; the aromatic ring(s) are replaced by a heteroatom such as
nitrdgég, Oxyge-nl or sulfur, Heterloa:_yf refers- to structures thét,mzi& bea s.i'ngle aromatic.
25 - ring, multiple aroma.tic ring(s), or one or more aromatic rings coupled'tq one or'morc non-
- -aromatic rihg(s). In stfﬁétureé ha’viiig mﬁltiple rings, the rings can be fuéed_ tqgether, o
- linked covale'l_ltly, or linked to a common group such as a méthyleﬁe o}'éthylehé moiety. |
The common .linki-ng group iriéy also be a carbonyl as in phenyl pyridyl ketone. As used
herein, rings. such as fhiophexie; pyridine, isoxazole, phthalimide, pyfazole, indole, furan,
30 etc. orbenzo-fused analogues of these rings are defined by the term "hetéroafyl. "
o "H‘éteroarylalkyl"'dcﬁnesa subset of "hetefoafyl" wherein an alky! group, as

defined herein, links the heteroaryl group to another group.
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15 In contrast to the limted utility of F as a nass defect gl 5
(Schmdt et a]. WD 99/32501 (July 1, 1999)), the present invehtion uses
mass defect elements that present a nmuch greater mass difference and thus
br oader ut iW@byee¥ar exanpl e; a single iodine substitutionpeRu@nassyl group
creates a mass defect of 0.1033 anu nore than a 5 fold inprovenment over
that of 5 aryl F substitutions. A single lon an aryl ring (C61 141).
exhibits a 20 nonoPdestiBitdhaierearydt refypioolsnaparyd asjustiddseriied wigeip the

di fferent t r . i.nation of stable . isotope.,an

“het er oat ohrf{[‘%gn la[ilihtra?lléﬁg%osﬁééthtﬁtggé%{he%ﬁloé mare ??%?'@[’Btlfﬁ(ﬂ"[pf éB‘]‘hS‘)Sq%‘YerzﬁléYlgm_%_?
amu. Therg&yphelogén, Hanglke! @-’UQSGE?,LE)‘d%XyQEmW aﬂ{ox&,hﬁﬁgﬁﬂnﬁﬁeﬂéy%ﬁi%} exhi bi t
a mass defect sinmilar to that of 1" (i.e., atom c nunbers between 35 and
63) will 3FVOKY mergrrecsrfalihus, rubsiteted anplogugs of heerd@roppuic Irimgeduchtae a t ot al
mass for 25 any C i.nation_of. or i¢c heteroatons. . Two such
el eme%{ s%w%gﬂenggﬁrbaﬁ?eiésoé?%&c(%r. limide, PYTazgic é'g’l%pet' g“rén’t%‘f‘ﬁr fazosfusad 7 7g
~amu.  Thr emalBped of tIRNE Fings Meldefifedbybint 1@nftsuostiial heerdsy. def ect to a total
mass of 11,673 amu. Al-ternatively, single, double, and'triple additions of
1 (or an equi val enbubstikeddtesoarybillolierefors éan shissetivfs snbstinnat leterbargth mach

h I f. 4,97 ' ith 1
Cesol ut i oo B8 ARTS el it B, o R B s B Bt b BRE i 1 o1

t he identdnbm@[agaogp. of mass defect |abel ed nolecules or fragnents and
determ nation of the oligonmer sequence from |abeled oligomer fragnents in
t he nidss spectrum Thbtegmalhgeréayhhe sie asadHeseinthe desseibe n atondedlent sitoratal dr

ssible ol sequences starting.only. f the r f the | abel . which
Ps known MG RaRAbuRE k0 Byiesssyage pieg Uyl saIIenid HABSAT fituses
bot h t he cim®s atotnsGha ten 1 2t h@erbhtobb 8elb@lEFBh ﬁkﬂogaﬂ%ﬁzf.lirlr& %latnswﬁ‘ﬁlﬂ tehe

rel ati ve abundance of the resulting M5 peaks to rank a possi bl e ol 1 goner
sequencedingA Suglyhelercycles qreofonaxanpleoeiraty)drofunid, mprpiwlins epipéradisd, i i nat e
sequences arsl.(iucc ssive nunbers of certain residues are found in the nmass
spect r umP1"R"Y"6r%Ferred enbodi ment, chenical 5 noise is selectively
decomgol ved from t fge AR IsitRAGIAHRARSBic R UsBPhRBR de&blONsuBlet bPe
sequenci 2& al gor i "‘thm Unl'i ke previous”sequencing al gorithns, the current
al gor i t hmgterocychpliwhersimdheibeteriorydanudbas inpibetietedodthichontord fmmetional

quai 1y Brags ik S lobd akSh o, Bubdedt bl LERT e, «Pol diedhor -~

.enbodi mentkylahend)iagyiaginol yked, SeaEPBLLc.pOSSi bilities can be further
qualified by 10 th_gglr exi stence in a database of gossi bl e ol 1 goner

sequences predi ct ed™% B REEFGeyRligsalyyY detings aqubsgyphy

rheterenygliqiwher@m ak o t he
or ganis Malkh 1 gk abfiddage il IRANB RS RYLRI td holfbPEigp. €mbodi ment, the
hi ghest ra%k%d Ii\/{ea(kquerllce Soési bi-l1 tei esrc n b%‘% 'rtﬂlgr qglgﬁ,fi ed by the
separation coor di nBeeismof chdate’rafesnto tiod $tgongly assecigive birsived datmétallipoi nt and
: erI ecul a%!e%ht%mtme?il 1on to a substantially organic molecule through non-covalént means. These

- are alternately known as organometallic molecules. =

25  General

, - The present invention resides ina mass spectrometric method for improved
discrimit_mtion of labeled and unlabeled mol_ecuIES,or fragments of molecules in the mass.
spectrometer. This method can bc’ilﬁs'ed for oligomer sequence determination and for"

30 increased combinatorial complexity that.can be discriminated in the mass.spectrum. The -
present method is practiced by labeling the terminus of a moleculc.or an oligorher with a.

labeling reagent that incorporates a mass defect, and discriminating the resulting mass defect o
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a protein) and/or its nononmer conposition. 15 The current ll'%/ﬁﬁ %U(ﬁ
I ncorporates one or nore elenents into the |abel that have a huclear

bi nding energy (often referred to as a mass defect) that noves the mass of
t he IabeIW932f9(6&ﬁ| que nmass position in the spectrum that PAEUSHEPSL,
stochionmetric conbination of the other elenents nmay have. In this vvay,

| abel ed fhipaedRRIceuIds BofitRer @ARbiYd AbRChRYSH G DRdmENRsEkddks MThse and
.may be detected with nore accuracy, when present in lower relative 20

abundanc®ass sgeddrethen present in nore conplex sanple mxtures. In addition,
the nethod can be used to help identify | ower abundance | abel ed fragnments
produced by various ionization nethods (e.g., d-, and w -ions produced by -
protein and pepti de ohe agiveditrehi, mb)ﬂed dhgornae maf braspienef edtisthe anactl so be
applied to .t uantification., %he‘ relative bundances of {he sane

mol ecul ela'é‘ﬂﬁ‘g? EFCF fagmepigd H‘re‘ € LQ5izAlAR Zong of 4, 1RAsE SREGHEESHiG &1 25 (see,
for exanglfoe ﬁﬁ@n@@l’aﬁ&%qn ﬂ@%@&@%ﬁ%@l‘l of ME/FRIAAROFAL land Weihpd t hi s

particul ar nethodol ogy, a |abel can be attached to an oll%omr that differs
f r om t hemathhwatidahgpsthpytordetsrmine hedtemminpltsegreneme the eligomerdjonhthg labeles| e

| sot ope eOfd tIEngrtmt}ger Hﬁo%%lm%n?l %ﬁ%ig&réﬂ‘?m[ﬂg% &ﬁz df o%%%% t%%ﬁnﬂfa?ee The

sour ces se uerit e re Ve of
mol ecul as dhémbl}ﬁcdlkgzh&leﬁzfmarmmadugemﬂmcfmfregmmﬂm acmpnsa aépiendsg

spectrum . The di f.ferent isotopes are used t uel ifferentiate the
peakd arlpddsrgf fagFlefé Frazais b6 & FoBtariFy i Ideretied Sui é“aSKb?ﬁ“W’Baffqnbﬂleof this

met hod t&ffh&ﬁﬁélwséa@fe&rtﬁt&rlaﬁereaﬁe?eipolﬁéeﬁeetand%hlg&ﬁéueaghmn&. d&be | abel can
i nprove this quantification because the resulting-| abeled nolecules or

| abel s vdlffbreb@at@n &pmamé@efed@hgms ek fragrgninlen theirjupiquemasesgnatyrpginithe s
t 2005 10 9 Th
SPeont | ko e BalRbkdn i AR AP qePn i G PR EbeRR Aokl themenis aa, TN

guienci s, such

as i nver;ieelds Matbdidfﬂﬁ&héﬂﬁhmuﬂgnﬁ 2@ corftéaTinptidy ¢1tgah1emﬂ%a(gﬁ{eﬁfbw8) and
ot her protein sequencing, quantification, and ident | fication nethods,

suchldas tﬁ?‘é “’dﬁt"le ahwrrlange (AT unpye BHEs Nignatgepiine ohe mastdeles) bl i cati ons WO
99/ 32501, i rﬁé@?&m Nass t%%ﬁ@&l%on hﬁhglstrg}%tﬂal tﬁeé&fm?efﬁer ein, can

al so be ap sequenci ltned in US. Patent
'Nos. 5, 7@@@4@ detsrn@ifdd amxpcessuwmﬂw o itlep reasmaﬂidmﬂdn semg lembbdintentss thinmas s
defect | abeli rein.can et er t sequence
of | pol y e FedirETes i BE tealel Gry et dprafed R6clad Pufih SHMRE 2 6PEc Soe
gener al mBDTORISNgE eMid asktiod thnSurBat MBMMFotein SedlRRciry &cﬁﬁduéﬁ 667, 984. More
broadly, the method can be used to inprove the identificatiaqn (h%\guence

" det &0 nation) or 18 eaﬁﬁmbp@menm%#be}aﬁdwh@ewwere highin ferereated i thedds b
whet her Rafdififhd@ed dissociation (CID). CID can be accomplished in the ionization zone (e.g.,

in-source) or in a collision cell through high energy impact with non-oligomer gases
introduced to the collision’zone. Preferred .labels lead to increased ionization efficiency and
enharced 'voiatili.fy of the resulting labeled oligomer fragment iens; relative to the parent
25 elig-oqler, thus improving the overall detection sensitivity. Preferred labels impart a uﬂiﬁlﬁe
mass signature to the fragments to which they are attached. In a particularly preferred
embodiment, the unique mass signature may consist of one or more elements incorporated
iﬁto the label that contain 2 nuclear binding energy rt}llat substantiaily, differs from those'o_f the . =~
elements associated with the oligomer residues (e.g., C,H, O, N, P and S). In another
30 ' embodiment, a mixture of isotopically distinctvér’siohs of a label may be used concurrently -
with the relative abundance of the resulting isotopic pairs to-deconvolute peaks of interest in
the mass-spectrum. In another embodiment; label analogs that differ by addition of one or
‘more methy! or methylene units and/or isotopically pure analogs (e.g., D vs. Hor Cl) may be

used to uniquely distinguish peaks of interest in the mass spectrum. In still another
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synthetic, providing that a mass defect |abel can be coval e%l %uﬁidO@ChEd to
a termnus of the polyner. The invention may al so be used for {
structdral identification or relative 15 quantification of nonpol yneric

chemi cal spgeipessdotom di fferent sources, providing | abels ‘ﬁﬁ? Afoos;
covalently attached to these nol ecul es. Exanpl es i ncl ude: l‘ler enti al

(di seased vs. healthy tissues) amno acid analysis; differential
nucel eot i eebehmkyts paaks aisédimedwith &dbeled a gandra iragmentnal joms siay dicfdeesmeolvied|

fatty aci ana nd structure r.mnatia unsat ur gt ed and branched
fatty act HoP MRled afeimys & EieheBin beir Bhoasbs e SGREe CLrRF FOMEE 20
qual ity Cedguémde A8 gtsfetulpe@astraash ssrﬂtahmtmue&uidrlv&ﬁg%ﬁena 8B b@ss out | i ned
in US Patent No. 6,056,926 and by Brenner, S. and R A Lerner, "Encoded

conbi nat ofRealrimperaYidingyadvantagerovenarier matheds, such ps greuispybsoRt: BB PCOBEY

e o Rt o aglesPlghéind o (ISR (S Ging ARG e il Hig s RT0R 4D %1,
| S‘I?lésc?gbte)l@ a;nﬁdﬁ{lﬁgnieet fromnhe 2&ilrinbadedzmgtific fragmantss | ncor porating a uni que

ence. |ln contr t he, present .inventi.on
provi des t hat |abepfl?§ele%“ D ERPraRRalE PO ro‘hsleqhsu@t:ge%sst ?fg’ssln SRR
defect, ter«diahi distias antsth@helIsléelsedeféﬂaelgrfesllssdohgmds&lﬂb@lhe%gﬁﬁgﬂﬁm and
prOV|de a nore -robust, yet sensitivé nethod. Another advantage of the

use of nedHionsef the Miw| Secprg, thedabei prefesebealsmenetfes 2 briqes mpgdatgeimd)ei

aci dsyg'h i
advanltdagzgs] ﬁ@f% g}'}igsgf[e ﬁ:lng}%lT .‘Sﬁg&?‘?a‘?l‘] bkp aﬁ H@Q@%‘gd Olné PaT fl%%g f ng
process) g@emtedd’mm ditesod] esiedorisnf tHeevligamkbi Mk‘wme or fr&nmtheirulnlabel\éﬂ)ofg}hﬂﬂZOS

'EP1042345A1 P979305A1, and U.S. Pa ' 6, 027,890, descrjbe the use
of uni que™piEEYey haEne e&f@%ﬂtlﬂ&ﬁéﬁﬂ?h @HEO e fabelinay efa%?ﬁwwsmzeﬁe bt -

protein é;ftdm%umreﬁdlge&l hetN@aNhS fFdeBlcRRtioS POEERS hi &ince §A6/Mpf these
references 23 18 April 85 WO 02/ 066952 PCT/ 801/49 1 fail to anticipate

or |dent|lﬂylud%evesdmahws?géwaquq@@%or ating a mass defect elenment into the

uni qu s 1 abel . (TUGNLAGe Wi R O9RREO AL derd ARERENGSFR4PG97 108 1

describes the use arn at'es an erruse | assays ‘and US
Pat ent No®O B/1TXD} (RBy a,ri@95)) 8bapraseht EwehaemruSmnisls defeseelahemant prbet 5 to

determ ne_the oligosacchari de sequenc Wi l.e the, techniques -
di scl osed™! et g A Tepes g s et gt Eer GG ﬁsmdfas "™fass tags,
the i ncoyp@itaddosh :Qlfarﬂ S eroedsaGhass RefelS loalst ahQ'mdrb aR U PREES of -
shifting M5 peaks to non- interferring regions of the spectra are not

di scl osedmprovgpisneicathatel STy, subpiitbiionst ifosinglé I oman anyhgsg (e4Thd) exhittite ki ng
methoge! Or%no?s%?c?gué Ded MShELAY %hderilsrlsel S Efi"fe'rc?l? A e e uoar

combmatlon of stable 1sotope and heteroatom -containing orgamc molecule
[IZC]g[ISN][IGO] 5) at 202. 974687 amu. Therefore a single substttuuon of any of the

- elements that exhlblt a mass defect 51mllar to that of 1 (1 €., atomlc numbers between 35 and -
g 63) will yleld a d1scemable mass defect (at the 10 ppm level) to a totaI mass of 3, 891 amu for-
25 any combmatton of orgamc heteroatoms Two such elements w1Il exhlhlt a d:scernable mass
defect toa total mass of 7,782 amu. Three such elements w1ll exh1b1t a dlscemable mass
._defect to a total mass of 1 1 673 amu. Altematwely, smgle double, and tnple addltlcns of I
(or an equlvalcnt mass defect element) can be d1scnmmated frorn each other toa total mass
o of 4 970 amu in amass spectrum with 10 ppm mass resolutlon ‘
30 S The present invention incorporates a robust algorlthm for the 1dent1f' catton of
. mass defect labeled molecules or fragments and detennmatlon of the ollgomer sequence from

labeled ohgomer fragments in the mass spectrum Thls algonthm searches the spectral data

_for aIl poss:ble oligomer sequences starting only from the mass of the label, whlch is known
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10 sequence of a conplex car bohydrate by | abel ing the car bowg\éﬁtfdogs
described in the prior art (with suitable nodification for

i ncorporation of a mass defect in the |abel) or by any, other nethod

avai |l abl e W8 0¥/6%8 skilled in the art and identifying the htagSotePbacCt

| abel ed fragnents in the mass spectrorreter The carbohydrate structure can

aet ea Tt R B he bl P Richosih AT RSt BpadhC dduiTon B

net hods @R$io¢ ithadand oF e r&gRing M$ pemmfaaklaumoes‘nblaongexeeﬂw‘qeetceelﬁrrent into
the | abel has utility for isolating the |abeled fragnents fromthe

cheni cal “uiyilaiye (fvnvqtﬂ%@ow fanigng is ﬁtedéo eliminatesaqyenges 88 SUSRHEYE NIBReTANd
sequence, . t g Af Al 1y
i qost od T BN FesfiEt e MBS W ARG R 18 a gl AR SURRALIRNER, Pl <
are dpplacgst iaslecigdy ﬁecrondmlﬁéce&emtthfemzs,srwedhge ptibldnsthtt ipgilicatien onﬁb sequence
specific, In ea cations -not e m no ae %Bll] I ds, and

nucl eot i FIUNELE anBE h&éhlst'/‘ﬁfupzs‘ambveﬂ%?‘ﬁt?éé %’éﬁ‘@?% ‘tﬁw& p t hose

ski | | ed roBudt Becaddetit canlte inpRIRAted Ailhput Klingd iAtkvdnabe kishatte defmich sftzﬁﬁn§ uch
derivatization of these nol ecul es obtajined or extracted from different
sanpl es, OTAEN! QR & Elentifiior qUaIHY PFISERRIIVE ACHTBPS/RIakS Inethe H@seeteﬁteemce& by MS.
25 Howey, I ement
into theﬂ)t ﬁn%%déggﬁ%trghﬁﬁgtewwpsg Héft?%stengfabe egﬁ ec lLes from
ot held chtberr exibtenve umedatabashef m;etbterallgnmedsequbrtcas predtu:t@l ﬁmmseateecer dgitgt i ve
abundance peasur e

t t th th o
¥ nCOI‘pOI’EﬂTII(BX 151‘0“ t&?&’nl-ltq\é\ﬁ’\ﬂ/ﬁ%g i :?E%}Etﬁag 18 nere"l"’g$ ?lgeq n[ﬁd"‘t’t % I agei s -
to i ncrasihdh€ KRIBRdst etlkemal&ﬁe f?h bi @R dag b8 FiHeE ALty B Scr i ni nated

|

in the resulting 30 nmass spectrum s net hodol-ogy can also be a I|ed to
i mpr ove ER¥AfEGOaIdinGtesHf the na@mpllgqr@at(«r Bn 1SoFlcRiEC pOBIt 2nd snglepulsy tﬂeeg -

sanpl es\,afﬁ%‘“gtdﬁ)d/‘”%moﬁﬁr%ﬁ osnsd . 09/553, 424, filed April 19

2000) m xture of 1sotopl carI I y enriched nmetabolites obtained from
a soldrce are subse‘quemtrénylrdenmamhcarpﬁambhearinahaediemems aitaithedatzel thass.
defect to 24 1 ril 2005 WO, 02/ 066952 PCT/US 9951 faci|itate _the

i dent i fiEYF £ I e lreaerettgwéat?rbrﬁP e 3 D65y eﬁltﬁﬁf I@ﬂY?SéII%natfétfétm ite

from t hgapdiefy ﬁ{ldideiill@éé batisn inl e %@Ir&rh%t%@ o?ﬁ’é}uﬁiaﬁio%tﬁéléoﬁzﬁﬁdﬁdnf gt i on
of -oligoners, nass defect | abel'ing can be used to probe the structure and

functi orethdr efsmshisgiaydiavs Iadhis ey nlabelechBreroente sre(reorg casily dibtingsishedsfranch as

P hoor BelHLELE AR LS BN ARRIRGRALARS) wrERHISLITIHENARAE
(20@D)) dbasdalne:emndsﬂcbntpeespﬁtobencﬁee@n;dax yarapﬂel n’nx@hﬁr {@Bﬂmhomﬁm aethod

" structure ndre i olved in |i di ng ti.es that are ex osed
to sol véap aﬁﬁzdé? Eélp ?denmlylower abundancg?a% lel(jlf{J grnents pro uced yvagous p

: 1omzat10n methods (e. g d-, and w -ions produced by protem and, peptlde ﬁ'agmentatton) _
| The use of mass defects can also be applled to the quantlﬁcatlon of the relattue
abundances of the same molecule obtained from two or miore sources m a mass spectrometer
25 (see, for example, WO 00/11208, EP1042345A1, and EP979305A1). Usmg this part1cular
' methodology, a 1abell can be attached td an oligomer that differs from the othér labels by the
replacement of one element Wlth a stable isotope of that element are added to the molecules
from each source. The sources are mixed subsequent to labehng and the relatlve abundance
of molecules or the labels from each source are quantlﬁed in the mass spectrum ‘The
30 different i _1sotopes are used to umquely differentiate the peaks ansmg for the same molecule
from each source. Modification of this method to lncbrporate one or more mass defect
‘elements into the Jabel can tmprove'this quantification because the resulting labeled |

molecules or labels will be displaced from any cheinical no'isejn the resulting mass spectrum.
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not buried or hidden by bound Iligands wi |l exchange hydrogeanA Iéii)%gterl um
at a nuch faster 10 rate in the presence of deuterated water. ubsequent
prot eol ysi s of the protein and mass spectral analysis of the deuterated and

noi eties are |nvolved in specific higher-order structural elements of in
bi ndi ng epi topes. | nproved nethods are provided herein, in_which nmass
defect el ements ar &he Iyenfinagan be hsddn camu@iongyHeprotsin sanencingaratends! ecul e,

inlieu Q:L a%qh EHCH%&S d&’e?' Qg] tsee rﬁ&e h@?ttdn%@(m 53 %ltm s with

mass def ect can C ‘reactive groups naIyZ|ng
f r agnent atotein spcmehemgsqumﬁt;ﬁcfmmn emarqahtqﬁcatmm acthods, spch)amb yaibokedin L8 n

sanpl es, , infar ' abo trycture fL | on t ai ne

sear o ngetedt Npr oo BRERC Epib AR a0 oBSY 81 REP p0TH R B el
Wit h he 1iRsifg edR6ibed HeRin, cahiiso bk llémfd DR Al s2qedhicRiplradthell by diSoutiad | Y
and ‘unequi vocal ly by the reduction of chem cal noise that the mass defect

| abel pr é’%'Uefe?ateSbEQS Pi7881H3 5.6 14d1 6,020, ﬁ%&f@ﬁnl%a]ﬁ%@“@)fb'@%dﬂﬁsé defegfass
def ect @-Q%im §§‘§J§crﬂ)%dli’xr Q4 06 p2'us ‘%‘ﬂg d]@Egggé];ﬂ? éth%Fgags%cB{agH& g(@ucthyr osine

resi dues HSi ne resi ques ars tial epen on their
geonetri @as tkccglyo(obylaiqn mtteihada pvaetnbLSaeg&)lermdemm propided indJ. SaR4tam Nos. | i gand

bi ndi ng. be fragnented, with or without prior 25

pr ot eol yérlrsb(8 72% ‘fh@ﬁf%’oa ne | abeling pattern probed:easily in the mass
spectjporret er by  SRRREBAdyYSHE mREAKTaRbé 8dcl o friavE HRAIPEINBIHOR Nse@hierRE OM Ne
or iodine atons. Another area in which nmass defect |abels have benefici aI

use is | deterraigatiom &t @tfanaﬁcamawgmsp@fm%ﬁmm@rféqrﬁntﬁeu@e% whstharpatural or -

macr om)ugg*{h%ﬁ H&,@}dl.%%ﬁ%t ﬁg%awa?egggﬁa@5§bv§1eﬁ{r§ Eﬁ&h@%% o t@%ﬁuﬂﬁf eS|

(e errve I cat1on,
corrpl ex mokiner.e of entities. , prot ei ns and peptides, | ncI udi ng

anti bodies and en ol ar i ucI e arnaceuti cal s,
or catal ysts) geneié E‘de‘ggj &8%?37 %?qr ‘”It %?lygwﬁcﬁ@“ﬁFbe&@H °for,
activktygq amlﬂcgh%ﬁdfmoﬁgo gmeﬂlmeﬁm FdcrRg ﬁbﬂg&ﬁ@&nﬁécﬁﬁ&@tﬁoﬂamgmfslcEﬁfd in
U S. Patent No 056,926 and by Brenner, S. and R A. Lerner, Encoded

conbi nat &¢ cevalestiasitached to mmanolmath:s Exemgles tcfude: giffesagal @Bemed 1992) . By 25

18 A0r1 | w2008 MQPLARRSER PATLLHL 4985, GTAeRIAM S Dirauper of aos

and usin ar ger
conbi nat @a[dcalihaﬂldiéjmalyﬁlspﬁlffetmtlﬁ\f&tyjailcbdlalﬁimd senttintd deseninfriatibn bve desired

B T A I TR RN T O T TR o
' dentZDf y 8?%&1 §<§Htfcﬂ %’plﬁ@%ﬁ #hel c%nﬂb?rﬁxwrfal ngraﬁhlﬁgé”’@§ %uﬁ’m@@fne@fi patB9¢d.i ption of .-
6,056,926 and by Brenner, S. and R. A. Lemer, “Encoded combmatonal chemlstry Proc.
Natl. Acad: Sci. (USA), 89:5381-5383 (1992))
o " Turning first to the mass defect labeling of nucleic acxds (e.g., DNA or RNA)
““each of U.S. Patent Nos. 6, 090, 558 and 6,194,144 descnbe how DNA canbe sequenccd from
.25 synths:zed fragments incorporating a umque mass label in the pnmer sequence. In: contrast
| the present invention provides that labeling is carried out using only labels havmg a mass
defect; to distinguish the labeled fragments from uhlabeled"ﬁagm.eﬂt'and provide amore
“robust, yet sénsitive method. Another advantage of the use of mass defect Tabéls is the |
" increased number of different nucleic acids that can Be"sec'lgﬁéncéc'l-’in parallel in this manner.
30 *The advantages of mass deféct labeling (rather than 4-more general labeling process) were not
disclosed in the earlier work. - ' : 7 '
' * Similarly, WO 00/11208, EP1042345A1, EP979305A1, 4nd U.S. Patent No.
6,027,890, describe the use of unique mass labels for differéntial analysis and"qu'anti'ﬁ‘éatidri

of protein and DNA molecules between different sources. However, each of these references

: _'1'23



Sequenci ng Term nal Portions of Aigonmers 10 In view of the1§R§¥|92005he
present invention provides in one aspect, a nethod for sequenting a .
term nal portion of an oligoner, conprising: (a) contacting said oligoner
with a | ab¥Pi%YcaH ety to covalently attach a |abel to t RETAUEIHPRIS of the
ol igoner and forma | abeled oligonmer, the | abeling noiety conprising at

| east ong;: ] VO ' E4rod . ol ] rovi so
that Lo A e e e B g
t he ol i gongue lyssdabelymati c, chenolytic, or a mass spectronetric
fragmentation nethod,. and (c),.anal yzi. t he f | abel ed ol i gomer
usi ng a nass spect "5%?PF’f:t(tOPP%‘.&%‘%?%&%SWIW&]?l%gg?zggggflgsrcﬁgﬁseﬂ? Hﬁe%gquence
of at | eabdied ¥RbIIEAMdIANd HRS hE @PassAR ah USPaten2 86 ¢, 100{778had isiheepB4 ON. t he
ol i goner can be obtained fromessentiall KB a% source (e.g., tissues
Fspican

sanplies, deserafpsstheyse of apass kkels 4@ defermipgithe g ridgxegnence by MS.t Wile g gbrrér |
is isol . rifi, Qfpad o L e isol at ed
o 1 goner PGS dRUkad cteltnif 6 APLBC B1AElRE LA SREBARRS LR, lg® LoD 2!

| abel t dntdrpota6pmpimumassidefdeein tht lahelrfer the puposanod shifibngl M8 pedlisgomen-, sui t abl e

for analysis, .by mass ectronetric 25 fragnent at i met hods. . Speci fic

ot hods HREURIFEP O ROer Gh PR ISHotH POOTRTC et TR AP H1eR e

accor di ngadsQictst RBlinghedhdmRIGARsHRRE ReteMProvldéshRethotRab iduRfly e ouRs present
in the oligonmer and the reactive groups present in the | abeling agent.

Typi Wal |spquense af eeamplex caboividmtc by bplingtheiearbeliverimas deseribed anfiednor meé
formati qn,.qf ' | ol ea, ' f.] iester, -
sul fonarwi® ssRBiERreqRb i CPiET o Te mitt SECh MR PRI SRR
ol i gonermethodravaiiaile mptheseskdlileiciu sisd @namifidaitifdaf enhass Hefoctdabiejed Bagmentsi ded i s :
sections _bel ow - Fragnentation, qof the resultant |abeled.oligoner capn be '
“acconpl i1BARIMEAPELR Fy Ehe Sbohugal plpichye e TR REPPE St FBls.
Alter n_atﬂl)ﬂrﬁﬁ%yadaiﬁi@ﬂ RAE the BRN1IREIaBEd Badiéntd sidRaPoR: DRIAOSRINIB/MS protein
PCT/ USOL/ 4995t . -. generated by inconplete regl i cation of the parent

mol déul esegeenging msshpds desonged abavgc Aapin, ingerparyion Pb2 mess dedect Blementigiedhe at i on-
of the | I ' f § . yzed using a mass
apect rog e ulich S8 TRl RRTH: Rorit Preh @RTRORA R RRNET", L0 "ore S
preferably three, Tkhihi nennelipideftee ftl wcifl obinpoditisitardrsequencé eanbenal

" residues, In. sone_ _enbodi nents ﬁs he sequence oftég ven or. nore term nal

r esi duelfsmireddy ithrdng e fptepeds agymatically digested from the glycidol backbone,
where different mass defect labels are applied as tags for different enzyme digestions that are

20 sequence speéiﬁc. ) _ ” _ .7 | _ |

_ In each of the applications hoted, fhe amino acids, lip_id,s; and nucleotides can
be derivatized by methods generally available to those_skilled inﬁthg art.. If is_o,tpp_i_qally-r
distinct labels are used for such derivatization of these-mol_ecu_lesﬂqbtain_cd or extracted from
different samples, then differential QUantiﬁcation analysis _may-bt? perfénncd'by MS..

25  However, in each instance, the incbfpprétiqn of a mass décht e_l_gmept into the label improves
the ability to isolate the l:abe'léd moiegules'from other chemiéal,_n_oise m the spectrum and E
obtain more accurate relative abundance measurem_ent_s-.l Howc\.fer,,unanti__cipat.ed n the pﬁor

Cartis the i-ncorporat_ion of different numbers of massf‘deféct__elemcr.lts intothe labels tb '
increase the number of samples fhat can be simultaneously discriminated in the .resﬁlt_ing

30 mass 'spéctrum. This mcthodology can also bé applied to i_rlnpro_vc; the i_'.sol_atiqn and |
identification of metabolites in biological éamples (See, for éxamplﬁ, USSer No. o
09/553,424, filed April 19, 2000), where a mixture of isotopi-cally-enﬁ-pﬁgds-—_métabolités- :

obtained from a source are subsequenily derivatized with a label containing a mass defect to

24




mass spectronetric nmethod is described in the Exanpl es bel O%Aé{hﬂl'ﬁg gr oup
of preferred enbodi nents, the |abeling noiety conprises at Iéa one
el enent having an atom ¢ nunber of 35 to 63, still nore preferably 39 to

58: In a gmavgeecdddzof particularly preferred enbodi nents, pdjgisiDiety
conprises at |east one el enment selected from brom ne, iodine, europium and
yttrium Still nore preferably, the |labeling noiety has fromone to three
broni ne §cilitagitkedentyirstiomprd guaptifiraser glihe setopisatheeriiched metadolits from teaspect
of the inygRLigR4isE ude a protein (or peptide), an oligonucleotide, an

ol i gosaccharide and a lipid. Mre preferably, the 15 oligoner is a protein
(or peptide) or anlmiddifoseochprendag addndentifiehtained oligpeat, middefconadingn

provi des a jreth fo equenci ng.,a partiogn of. oligonmer in a | i goner
P ot ur o B e et HtrObe e e e By RE5H pERe Rt Pieremtolseiles (b th a
| abel 5 ng oiBbrRérY sich 26 PYGLiAR tHu¥leicakidd ahd SligodReharidesyone term nus of the

ol i goner- and forma [ abel ed oligonmer m xture, the 20 | abeling noiety

conprising at | easPeygeum cxpiange mathodjogn(ses dnlersemabdds J1BiohChgmt 0 77, with
t he provi ai t.. 0 ﬁﬂ!ij ] rus;. (b)
separati. Ezﬁi‘m?‘fﬁ‘%aﬁzﬁ‘g@gﬁ %CP elé‘f‘.‘%g?r!’géré’t’?%&%au H&)ﬁlg%hr?g?ﬁ?ﬁpgfoﬁér@ and (c)
anal yzi ngirtdiage hadrelgaohs advodweden dgdnddinditge pMéiolicshiataraexpssene cblivanand ae

net hod to_deterni t eqguence, of. at. |l east two term nal residues.' 25 The
o1 1 gorer TR gD B PRSP S Bl iR g e hen G b A AR Lt

pr ot @) NS rat@inTh&bidkedc@bf Abit&aMRY ¢t SeRSquedt ﬂ'fbté&l?ﬁi@ oPthe PhdtiASAS AAS | des, a

m xture-of lipids and the like, and is ty(P| cally obtained froma

bi ol ogi cateckdgnalysis ofthe deytepatedan noydpatesated pipieelytia flagmbyts carpehisites can be
obt ai ned. { -ani I S.-(dj r. . , nl r -
bacteria nfé%‘?@ gm\t/ #héﬁlgglﬁ%ﬁl%%gé&gﬁﬁg? ﬁles P Pﬁ@eﬁ@g’%ré He)érrgg'flflt,u %%( %ﬁlg]%%ﬁt‘t?a%rrer

m xt ure hasndog bepitpepurified to reduce the anount of potentially
interferring conpanents usi met hods, . known in.the art  Labeling of the
ol i gomers in the oMRIBRE T HPRSFEPRL ey BREaRhigomast defeatelguent g

descrs begseahouBefl DolRofileP 87 Gh&H rhBRdTRSleculls iMEkuldT@eh@R&hS BIaRfkishad i n nmore
detail below.. Separating of the |abeled oligoners in thé oligonmer mxture
can be aBebsples Bleeqoring glerenis®idomes gofets HaTtauSoeeuposific meactivrigrosprch as

apil | i.s...hi r .11 qui hr omat-ogr.aphy.( HPLC) ,
Go el aci B ELAMRTEA T Bifins ] LR LRSS il ek bR bRR it PO
excl usi oimforimatior distua Bigecture @t Cunktiordtande bakicd bRsaacHphor ptalut@ it aref ew. " The

cepar 2l gLt el shelet LGOI 5. o0t 0T L. Sehar 2l on
'20  obtained more readily and unequivocally by the reduction of chemical noise that the mass
defect label provides. Specifically, an active protein can be exposed to a mass defect label |
such as bromine or iodine gas, which targets protein tytosine residues. Tyrosine _residu.es‘are
labeled differentially depeﬂding on'their geometric loci (i.e., surface vs. buricd)-.an'd their
“participation in ligand'-binding. The protein can be 'fraémenfed, with or without'pfiof
25 “proteolysis, and the tyrosine Iab'eling'patt'ern probed-easily in the mass spectr‘i')meter‘ by -
seérching for peaks arising from incorporation of bromine or iodine atoms. o
.. Another area iri which mass defect labels have beneficial use is in
““combinatorial analysis of both sméll moljecules and macromolecules that do not already -
‘contain elements with mass defects (e.g., most biologically derived materiéls'). Inthis -
30 ':‘E'application, a complex mixture of entities (e.g., prdteins and peptides, including antibodies
~and enzymes, polysaccharides, polynucleotides, pharmaceuticals, or catalysts) generatéd 2sa
combinatorial library can be probed for activity .and'identiﬁed by incorporating tagging
elements as described in U.S. Patent No. 6,056,926 and by Brenner, S. and R. A. Lémer,
Encoded combinatorial chemistry, Proc. Natl. Acad. Sci., 89:5381-5383 (1992). By
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5 nmet hods described herein to determ ne the sequence of at §F"g§‘6'3
termnal residues. Preferably, the mass spectronetic net hod i TOR M.
~In one group of preferred enbodi nents, the | abeling noiety conprises at

| east oneY@PEMEWE having an atomic nunber of 35 to 63, SPETDSHAWEI
preferably 39 to 58. In a group of particularly preferred enbodi ments, the
noi ety ¢ e,
cur op! uriaRer g e FlmberaF ek Mg FRB R (RERFE e i SR Ay YT, o
one to tdmmﬂnahfrmm;mrwanbedimmai Ofse t:mltxemefhncml Itatvedempdamdmg he invention
provi des nmet.hod seque t he er m na an ol i goner,

Conpr i sﬁ‘ﬁ’@‘“i‘*ﬁﬁ“céﬁ’hﬁ Qb“’P'iaﬂ@ gﬁtflfl S‘Eﬂ"iatf ﬁ]éermg #ﬂgfhoévepé‘bélvi: g noi ety
to coval gidisk mlgcﬁlr@tttt@‘t?tli‘a@]thﬁ‘@% th Sehfify tﬁ@m&eaJ§ea<kt ad D ees@ltop@ERAasand forma-
| abel ed oligomer, the labéling noi ety "having one elenment with an atonic
nunbér fdedgef.-17 to 77, with the proviso that the element is other than

sul fur or phosphorus; (b) contacting a second oligoner sanple with a

| abeling noiety to covalently attach a |abel to the term nus of the

ol i gonmerP&wsipfiar of the Faslyddmbwoel ed ol i goner, the 20 | abel i ng noi ety havi ng,
two elenments with an atom c nunber. from 17 to 77, with the proviso that
the el enents can be the sane or different but are other than sul fur or
phosphor us; (s%l),ué?&mgomlntfyazmﬂﬂﬁ@wwg&ha@ (b) fromone to three. tines

wi th additional oligoner sanples,” wherein the |abeling noieties have
threld, four or fi Vevieweftwabove, thespessni inednyionire videsrin ne pspectha mediodt rom 17
to 77 th the. pr VISOth t 5 other than sul fur or
phsopho\r/&dﬁgseqt]%cmﬁl 36 métlﬁ’e 0&5)2? §11 &lcf(r)ers 'm.steps (a) through (c);

(e) fragmenting thg &(ﬁ]hﬁh@gisz@dbl@ﬂmwlﬂuwlﬂgslmgr@mztymbomlemﬂyanﬁﬂyd| c or
-mass  spectronetri¢c. fragnentation nmethod t r oduc | ed ollgorrer :

f r agmentiabel fige fermings gf 912 PHgomerend £prm) 2igb %lF‘i?Qgﬁ%‘F‘erf ﬁ’ﬁd%ﬁf‘g mMeg anmss
spectr O%Hp'l‘igl §P|e£sft aﬂag&hatﬂh%ng%ﬁ hRthid SuABLSTdTh 19 1d L W8 Efo%@fthzﬁt

| east two ter esidues. In yet another related aspect, e present

i nveldt i CHaIQﬁi@mndsgﬂaermlmhoﬂumrphgmuerﬁm ng a portion of an oI i goner,
conprising: 28 18 Ap il 05 WO.02/ 0 6952 PCT/U Ol/ 951 (a). . fragnmenting
aliquots of the o tf) ﬁ rgxggﬁ}beo&ggmgt hPREmEt lg’m e elﬁ’z?/rrfaa i)isc‘c:’ or -

chenol ytgpectfdnﬁg-mfdgaﬁdnmofmtejﬂm;saﬂdo pr oduce oI i gomer fragnents, wherein a
different fragnentation nmethod is applied to each aliquot; .(b) ontactlng a
first aliquot of & @@b@rngftheaﬁmrged?kt%edaolfsw uﬁla5@|m4§§spectr°mem°

fragmentation method to determine the sequence of at least two terminal residues.

Zt) _ . Inthis aspect of the 1nvent10n the oligomer can be obtained from essentlally
any source (e.g., tissues samples, biopsies, cell extracts, and the like). Prefcrably, the
oligomer is isolated and purified to be free of 1nterfer1ng components The 1solated oli gomer

- can be contacted with a labeling monety to covalently attach a Iabel to the. terminus of the
oligomer to form a labeled 011 ZOMmET, sultable for analyms by mass spectrometnc 7

25  fragmentation methods. Specific methods and condltions fo_r5 labellng an ohgomer can be |
carried out according to established methods depending on the functional groups present in
the oligomer and the reactive groups present in the labeling agent. Typically, covalent
attachment can be made through, for example, the formation of amide, ester, urea, thiourea,
dissulfide, phosphodiester; sulfonate, imine and hydrazide linkages between the label ahd‘ the

30 oligomer. A more complete discussion of attacltment chemistry is provided is sections _
below. . : _

Fragmentation of the resultant labeled oligomer can be accomplished via

- chemolytic, enzymatic or mass spectrometric methods. Altematively, fragments may be _

26
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|

5 noiety to covalently attach the first Iabellng noi ety to IIQ?R Ie%d@jnus of

the oligonmer fragnents and form | abel ed oligoner fragnents I'Tst
| abel i hg noi ety having one elenent with an atonic nunber from17 to 77,

with the pwevizagesshat the el ement is other than sulfur or pPENQRRAREHS; (c)
optionally contacting the other aliquots of oligomer fragnents wi th other

10 distinct |abeling noieties to covalently attach the distinct |abeling
Moi et i esgensrat¢rebyt iscompieteatplichigonodfityopraentimelgemdntes. aedudnongidfabetied ol i goner
fragrrent the distinct |abeling noieties having two or nore-elenments with
an atomc aner from1l7 to 77, with the proviso that the elenents are

ot her than sul fur E)cnlopm)@mh@ragﬁnenti&r((tf)thehﬂoblemahgmndsfisxﬂnp'g: tHedraghiefty afes of
| abel ed ol i goner, fragnents; and (e) g 2|ng t he | abel ed ol i goner
fr agment énabéaeﬁ §siBe ARkSs %@‘EQW%H%WF@‘IW thesravreenetirtlerstdoemifcne t he

5equeg":epl%fferﬁ;l}r(| 128 Gtill Word ﬁéfe% oQI ftv@%r Qixi EIR1TRAI mmdu‘%s CRI{Rlg preferred

enbodi nent s fragment ed ol'igoners are real |l ocated and subjected
to addi t tmhadimsite g sefudnadbef sevgl carmbrf: rce[gnmitrestdwms determirield] Agprofefred rel at ed
aspect, the invention t S encing 20 a portion of an
ol i gomer MRS Cm?{g?xﬁr%ﬁ%%egg“ Q‘g éclag}plegﬁgféum s of an ol i goner sanpl e
(b) contacting thelnmnbgmﬁprofp&faﬁsahnﬁoﬁqu@ﬁs \rﬁetlhbeamgaﬂitﬁéﬂyra;gmpﬁseetayleﬁsa
covalently ttach a | abel to one t s of the oligonmer and forma

| abel ed eqlq@emi aw&ﬁwtemlww@rﬁ @rﬁ%%m‘“— pPreferabe PR EP vt 18 28T9%be

cont gj ni Qﬁ)ﬁﬁéyﬁrf &R ke MRS imts, 4Re ﬁlloféilf&grﬁ ASRY hiNBasfOnAHBRL S sBidRer from

17 to 77, proviso that said el errents are other than sulfur or
phosphor flgm i@@ﬂ(ne)wﬂma,ga*mpuum gnd ﬁmurabétlﬁmwt plg&mhiy,l the bhclingahpiglydtas by a =
dlfferenﬁoenz {h:c or cherrol¥ rret hod, (d) mixing. the- reaction products
from eact”H9 é CFO S IS fr agnent ed | abel ed ol i gomer mi xt ur e

using a mass specprefred bhg:onﬁerramte@ﬁeresd mhmdpacpomeafmm nkladsequence
of at least .two termnal . residues. 29 18 April 2005 WD 02/ 066952

PCT/ USOLPGIsPr peptide), an aligenuglsptids, ﬁeﬁhgwéchaﬁ%ﬁﬁ hpigy Mergestaabiptibod f or
Si muh§ ane%mey;sag@e o e Sﬂ[ﬂle*ér%h%hg@@a%&ﬁé?ﬁeprOdUCts for. deternining

sequences of an
In a related aspect the invention provides a method for sequencing a portion

of an oligomer in an oligomer mixture, the method comprising:’
{(a) contacting the oligomer mixture with e‘iabel'in'g moiety to covalently |
attach a label to one terminus of the oligomer and fo.rm-a labeled‘ioli'get'rier mixture, the. . |

20  labeling moiety comprising at least one element having an atomic number from 17 to 77, with o
the proviso that said element is other thaﬁ sulfur or phosphorus; _

'(b) separating individual iabeied'oligdmers in said oligomer mixture; and
{¢) analyzing the labeled oligomers from step (b) by a mass spectrometrlc '
method to determine the s sequence of at least two terminal residues.” ‘

25 : The ohgomer mixture in this aspect of the mventlon éan bea mlxture of
protems a mixture of oligonucleotides, a mixture of ohgosacchandes a mixture of lipids and
the like, and is typically obtained ffom a biological source; such as a cell lysate:
Alternatively, samples can be obtained from animal tissues (diseased or healthy), plant

- extracts, bacterial sources, viral sources, and the like. Preferab}y, the e}igoﬁer mixture has

30 been purified to reduce the amount of potentially interferring components using methods
known in the art.

Labeling of the oligomers in the oligomer mixture can geﬁ:erally- be carried out
as described above for a single oligomer, using the labels described in more detail below.

Separating of the labeled oligomers in the oligomer mixture can be accomplished using
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met hod conprising: (a) preparing several aliquots of an oli ?Qﬁgﬁlﬁﬁgpl e; 5

(b) fragnmenting the oligoner in each aliquot by a different enzZynatic or
chenolytic method; (c) contacting the reaction products in each aliquot
“with a | aBeYVH8i ety to covalently attach a | abel to onRCWESMHMIE of the’
reaction products to forma | abel ed reaction product m xture, wherein each

al i quot _j bel,ed wi.th a bel cont.ainj i.ffere n [ -

el enent " %%‘{’/‘?’r?g“’%%s ée%‘AP %lr%rycel%cg%lé?ref P ’o}ﬁé@#}g’ 51?1 #C h\%lﬁ{dﬁ’ﬂ%%néﬁgpr‘rggglhly%g\’t sai d
el ement %eaélecgﬂiphefe_sﬂs foiamllsm:cfﬁu:ﬁs),mﬁrhm?mpmm;g.,(sg): R 1¥diteg liém@(chaigﬁj ed .nb' |
reaction proauct m Xtures romeach all.quot; a e nal yzi ng the conbi ne

| abel ed Hehlt BTIFHETBUREEPHY & BTS2 B7Y- s?‘gﬁe?ﬁ&te%@fiwua laheisd olgnmrars onet ri
met hod (R efeddbtdth AR RFaRRANERSE A theh bé SBFzed WingBMOARE SHebiorhdific 15 ‘

oligonmer. In another Vvariation, the inventi‘on provides a method for
sequéncimghedspiesaribied hereinfto defegoimgdhessqieiss of #f leastdmedeminal tesidnss.hod

conpri sijig. | abel i ng synt.het L.c .prige contacting each priner with a’
| abel i ngﬁ}gfﬁ%’.i’@% ;‘}let%aséfi?/%frg%ﬁl%/m k ogé%t??égys't 0 one term nus of each ;
primer to form a IIabgd gdupof peferred@nibodimene, thalubehgmerohcopprisey atilcas] abel ed

with a [ abel] containing a different_nunher of elenments having an atomc
nunber fonggiement kpving angterpicyymbsr 63%t9 Spslill me Pesfenbl3d tase Brh&PUW t han

sul fur o E’;‘ﬁ@ﬁl&h? ﬁ;kb?énefd%lﬁ:ﬁﬂhélﬂsﬂhegﬁ%bﬁ‘c&%és% ReabiOnt RRplARRIREAPT i mer

m xt ure; Fc) synthiezing a plurality of I'abel'ed ol igonmers fromthe sanple

t enpDat dranybroping neding tuwpomm ahkeyticomh. Bl motkpreianatily; the labedihg mioragy hase

| abel ed ol igorre#ﬁrﬁsxnt hesi zeg. i ntst ep (c) using a nmass spectronetric

met hod 8Ty EPHIE TR I PERES P> t he sanpl e tenplate. In each of these
| atter aspects andn ¥ad reRitdd3dpect thelifvefiich fratiedss rétBod 0 S&uefi@d theni ng
el ements having atom c nunbers of from35 to 63, nore preferably, 39 to 58 -
as 30 d&FByngl@artionofan PUEoTRYy $aTaRTidPHect s of the invention. Cther preferred

- enbodi nents are als0 % ' Qv ed
Protei ne 30 18 Apt D B0E ER e P TaRBEs-BRY G PhU B GRE S oty Gy

pr ofl&i nsitedht dlabelito thesermgent of thaolagoragued smor labrlededigoamgu dbelsbamgani c

sol vent m.Itly?lu 1s known in ittlpgn atrt .and a delftgr}ge leltl abel.éontglatrtﬁggents

and moiety having one element w atomic number from , with the provi
element is other than sulfur or phosphorus;

(b) contacting a second oligomer sample witha Iabeling moiety to co_vale'ntly'; .
attach. a label to the terminus of the oligomer and form a second labeled oli go_ﬁ;cr, the |

20 .labeling moiety having two elements with an at_oniic number from 17 to 717, with the proviso
that the elements can be the same or differen_t but are other than sulfur or 'phosp}.lorus; '

(c) optionally, repeating step (b) from one to three times with édditional
oligomer samples, wherein the labcliﬁg moieties have: three, four or five elements,
respectively, with an atomic number from 17 to 77, with the proviso that fhg elgménts aré. _

25  other than sulfur or phsophorus; _ o A
- (d) mixing the labeled oligomers f:’or’n.stegs (a) through (c); 7

(¢) fragmenting thc,labeled‘ oligomers using an enzyinatic, chcmolytic or miass.
spectrometric fragmentation methbd to produce labeled oligoi_ncr fragmernts; and o '

(f) analyzing the labeled oligomer fragments using a.mass spectrometric

30  fragmentation method to determine the sequence of at Iéast two terminal residues. |

In yet another related aspect, the present invention provides a method of -

sequencing a portion of an oligomer, comprising:
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techni ques useful in practicing the present invention are rggﬂb@é@wai | abl e
to those of skill in the art. See, for exanple, Means et al’, CAL

MODI FI 'CATI ON OF PROTEINS, Hol den-Day, 5 San Francisco, 1971; Feeney et al.,
MODI FI CATI @ (neBROTEINS:  FOOD, NUTRI TI ONAL AND  PHARMACOLG ka1 ASPECTS,
Advances in Chemstry Series, Vol. 198, Anmerican Chem cal Society,

Washi ngton, D.C., 1982; Feeney et at, FOOD PROTEINS: | MPROVEMENT THROUGH

. CHEM CAL AND ENZYMaT|fGagivetiig Ao\ f tikdel ooes using Gheeri rsone spésdid eagymifal .

160, Anerican em cal  Soci ety, Washington, D.C . 1977; and Her manson,

b1 C0ON) BRI e RIS MRt Eromg SUBoraEt sl “heda = FHRM g can

be conduqiagﬁeﬁaﬁoﬂﬁaiﬁo@gtagplﬁ@'md:amg[quei;ther. the N or G termnal end of

- the protein. About 59-90% of eukaryotic proteins are N-termnal acetylated

(see, Creighton, T(b)Eontapting afissaliqiot ateligeasr Bagmmms withiadirstighelivg pl es (W
H Free %e% coval%ﬁtﬁg\f@deﬂ ) st IQHainfggﬁdjigs?gﬁrﬁ tdrthiist i S PmePREIN S

However e natura acetyl group proteins carr sonmetl nes be
used as and &lvml latietad ghignmes Esgrodnts, hesfinsnlerhing omietly biviop boye vlhmee withrea or nor e

of the am nao acids w.thin residues of the Netermn i,s ionizable (e.g.,
° a1 skl RERBF GO fy 2, IR e PR el e K Tl e b R o S )
or can behephomati zed to be ionizable (e.g., tyrosine, serine, and
cysteine residues), Accordingly, strategies to |label either the N or
C-ternmini are provicdeptioealloppiagting e ghenaliogptsof ghigemey fragmpntsiathpihabi | ity
for y (i . ej: - [ Sy S . L 1t i

oD  SRELRRNRE GO o SRR AR} gl ostaly AdhaiND:
~nodi fi ed theedigdwesiragiieatsatidoms tabekd oligtthe fragagnsnthatdistinctSpteading moikkies mass:

spectrum (Figure 1) 'i-s, basj cally the. nunher .of jons (Counts) th 5
SPrT ke anHGPEB T Bl e th St fe LAY 7C RN Rl Rmeibtcals or
pl at e detrhriFhi3Qfe dthe thaBwfut & Hagpldeus N z) ratio of the ion striking the
pl ate. The detector plate is calibrated with known nmz nol ecul es. Each

scanni ng time bin @h apHendbtreing thp phquets of latieled AigemgnEagragnts; avkr age nf z
val ugczand col | ect s,_i ' [ ' .ch.1s based
on tﬁ% parti cul ar(eh%@?l&rﬁ'n%@ﬁ%%&%@%l?%ﬁlcgfra%ﬁ%ﬁlé Hgggalhn%?%#@ﬁgﬁ% ly, the
si ze r anfegoentaidndodraietcdBitahe edqoenddiofianasst 680 asidubeofShusligenenot of t he

nz value of the bin. This ans that the apsol ute,. pass: preci si on
decreases with incj:nc,fﬁgf“ﬁd’r_ 'Ie({]ﬂ“{’?ﬁmﬁ‘%gh%%%%{‘%ﬁjelﬁgaeg ¥ a nass
Spect r onmgdafbcat& a@ah’W@ct&P@'aIdHM%nalTéws%i‘%@{inze}:Hﬂ f‘ﬁigﬁ{éﬁ{atibﬁ. al ways greater
than or equal to zero in each bin, 31 WO 02/066952 PCT/ USQOL/ 49951 Sever al
features of the ndestiBpaetheinglatdd Fspegribhinsentipnarevides camathpd Firsequendieg Lo

abi l bty tq | Lfv.-or pr r{y rank the true protein sequence, depending
on t%g rgéﬁg{tggg%ﬂ{%}@lm&s%g&%%ﬁ" of the | abel ed peptides and are
deconvol ved by t hganlpggaihfsevefal aliguatsnfantoligomer sample '

{b) contacting the oligomér in each aliquot with a labeling moiety fo .
covalently attach a label to one terminus of the oligomer and form a labeled oligomer
mixture, wherein each aliquot is labeled with a‘iabel"cOntéiﬁ_ihé a different number of

25  elements having an atomic number from 17 to 77, with the proviso that said element.s'fare
other than sulfur or phosphorus, R '

(c) fragmenting the labeled oligomer in eac'h‘al'iqtru')t by a different enzyrnatic
or chemolytic method, o ' . ) '

' (d) 'ﬁlixing. the reaction products from each aliquot -
30 B (e) 'g'”%{inalyzihg. the fragmented labeled oligomer mixture using a mass
spectrometric fragmentation method to determine the sequence of at least two terminal

residues,
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Rel ative signal strength being defined as the. |abel ed pept hg'ﬁ ;iirﬁ%gent ion
abundance relative 5 to the abundance of other ions and noisé Fn € nmass
spectrum e first feature is striking the detector first maX charge the -
det ect or cRH§%%4? basel i ne shift and increasi ng abundanc&CTHSVHHES egion -
above about 500 amu. This is observed as an apparent baseline shift in the
mass spectrum (Fi gyh Geldtd vai@iodlths IRbRioaA8esS RMBS: fF shifaRuEPt Protein
may al so contribute to |ocal baseline variations in the same way at mz

posi t i ongnglyens milbidrie rerod productsier detpmninips Aesuences eb#l 9ligbsesaneme.ithe Fi gur e

1 at mz 1§l ..ahove about 2000 amu. The second feature observed is
(Figure f’)g)eqﬁ]&adtogﬂ)?lgs y fragmenting conditions (e.g., high nozzle

potentials for in-gupeparingagnenldiguendf sadigoiner fangpde;i ncr eased abundance of -
fragnent ions at periqQdic nass to. charge positions in the nass .

spect Ponet er . U eemeningthoplicsmes eripdh tiaupsy uffcmsbennmase 600000,

these prehghsiyfié agRALSs forma characteristic 15 pattern of peaks spaced
about | anu apart. At highly efficient fragmentation conditions a peak
appears at nearly é&egoptactingthegpactipmprodpcts necanin shquopwoh elanelifthmoietoage

peak to i i seryed.to ry. slightl i th th Lticul ar

ot el n EERiaRBACIL, |hBSRE 1ihS ok b YeRldrPfoplontlo o A BPRR AT crces
in the elpssianot mixtwonplstihicach sfqubihie lgpeled aiith adabed bodthiging fardigierentinamber of
represented. by the peaks at each anu. 20 At highly fragnmenting conditions
virt ||§f“~'a1qntst uing g atonpip B C e IEketh wﬁalﬁh%v@ms%waf Pﬁ?‘gelﬁ@ﬁmﬁ?el anu
pattern Gficgag silur orphbhbhisS Observation that enables the key aspects of
the current invention. Frrst, since nost of the peaks overlay this pattern
(or a nultiple chatdjemsting thedatmledgeasfion priodudd aikeiras)front edch appes;idode t o

easily distinguish,the sign eaks  from | abel ed fragnents at. Jie off
this periodic spacfe ga,na@agﬁ%é%9?r§taquéabe;??d§5?£wpé) r%p\'%tr'gﬁmﬁ%oésﬂeg (fii\‘bsé?g
cont ai NS a@NRs ffechBrheétrie nesteid © détething hellBgisued ofitCdagaivolvhdidiniees @My gy .

SecoEg, the periodicity allows for the determination of |ocal mninm and
maxi i RUENWBTass spectrum  such that the spectrum can be corrected for

ocal noi se, - al | owhiighofi vAiRE! BE BRI AAbL A Ohod HSeREhUAL 2 2DUNdance

of counts at each nass-to-charge position In the mats . spetCtru aThi rd, an
aver age phudhypbdigonuslieotadey dak ssdgehcmethbbcaheprsing: ned for the unwanted

spectral noise at hi ghly fragnenting conditions and thjs noise
Goconvel vod or subtddetaneriheR Rty GRettne et A PR

reduci ngmoidy 0dtivaleRtly hofthtalaBdl @ SrRMshiSls SQH Pritherdd hrinaBIégHhee
confidence of the sequence determ nation produced alga/ t he al gorithm of the
i nvefl i oRiXteyse Whereinsgach primgr istebelgdiwil 2 label sppiaining axdiffarent mtn%@r_ £ of ar ger

BT Bt S TR 19T %30 01 o AR S0
deconvol tian ewfirror atioiphoms; to this major pattern shown. , S
(b) adding a sample tém.p'late to the labeled prifner mixture; ,- |
(c)- .._syntheziﬁg a;pl:u:r:al_ity of labeled ol'igome.,rs-fr.q.lrkthé Saﬁlp_le tcfnplaté by
25 _énzymatic._qr chemiqal me_ihgdé,__a_nd 5 | | . | _
(d) analyzing the labeled oligomers synthesized in st_t:p.(c) using a I__Ii_as.s_
sp_c_:ctrom_etric method to determiné the;seql._lcnce of the\san'lp_le_templatzc.‘ o
In eac.h of these lafter aspects an& vaﬁations, @refen'ed labels are those
containing elements having atomic numbers of from 35 to 63, more preférably, 39 to 58 as
30 . descnibed above for earlier éspe,c:ts of the inventl;.()n.. Other prefcr'red éﬁibodiments are also

the same as have been described above. .

Labeled Proteins
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Label s As noted above, the follow ng considerations are reig ptzdog t he
selection of a 5 |abeling agent: i) the nmass of the |abel i é&é‘f erably
uni que and preferably shifts the fragment masses to regions of the

spect rum wiwb ekowskackground; ii) the |abel preferably conpgipseilbsgd
positive or negative charges to direct renpte charge fragnentation at the
N or Gtermnus; 10 iii) the |label is preferably robust under the
fragnent ati on condi Theolbeliapaf proteinsnvith varous agentsrih av sugblieorf mixgdrent at i on;

iv) the | ' istry.is .prefer i clent under .a.range of

condi ti ongq?ﬁb%g(rggsiﬂg‘g%?%"&%é%%é {ﬁ'?(f ngﬁgi&%ﬂﬁédoan‘%’f “THEr é?gi? b%‘ﬁﬁrgg@@?sow and
uni f or m ytetiatiglds ngefiihva phkctioing e gresend invatiod revtyadilpavdiRbr] to Ghdse of il in
preferably remgj ns soluble jn the NS buffer _s?/stem of _choice; vi) the

| abel prefEREHPEE IHFETE SMJ_FWE‘ ¥ 6 FHMEH- F&@@WFORRQTWE“_SGHPE’SWY’ or
at | east gaesrafQicos WPRE B8Ry bral AMbDIEATION8F PROGINSTEGOBORUR MR AT pUT € Of

two or nore isotopically distinct 20 species to generate a uni que nass
spect r omeX FARMASRLOGIGA LaksPECTS hA edpedsat ChemipireSeripso Yol i108,. Amnpricandiheofical he

| abel sel gcti P ' p e I | Let]es h h have
2 det ect 1 S Sy RN BRSPS bl PEB: TR A g 2
reactive Chienachi anBENgrmapc MomfiexabhyAdnacdshaCheRreh SeMed, Vol.hg0,C- or

N-term nus of. a protein, The_ reactive gr can be directly attached tb
ei t her or 8???‘“0‘?}‘%8“‘1&0989” W‘F%B’é?b-gor}ggﬂé‘ﬁ? Hermansen, BREONHEATE nent ;
| abely arescipesldsNABMehic Piess 9id PREo) f0kease the ability to identify the

mass | adder from other peaks in thé nass spectrum The use of m xed isotope
‘1 abel s is parti cul dedbglingdanbd coémiucted ant BF Todatermineld dtomeitter thelié- drdbel ed

fragment ., S..1Sknce. abundant .4 ope.pair.s will only exist for .|l abeled
f r agnent stelﬁrﬁﬁ%lhegd%g]se PEOIET, r'}%, masr?'déc%g el}k%’a’togf)grson?w}rﬁg ﬁe?‘_"'é‘ﬁﬁf}cﬁfyﬁat% mlar

| oni zat i qeea@ekiglited TR B, Hroteins:eJtfuc firerunid doledda PeigsiplRE (W. B0 Frdemag) N hat

di ffer by 9%.ge or %E t hyl ar nethyl ene. groups, or charge’ state can al so
be used. B0 MAEHTCKEIY (P Nitsminie dabehing clpwevendbe pauraberoptyl ergup of

| abeliisng’ sush hioalihhs sbReGREARGRed 118 1abAGRI Jufd 58S dQRis ?{{ve}n én lbﬂp&llfq'hglrcagnent
mass | adder. In one embodinent, a single sanple is [abeled simltaneously
wi th dualencagbalose aintic amanocoids witbth ﬁt@s@um_cherthttg’émsriatoeﬁzab]er{e_e:g._, iz ef erred
?gﬁgﬂ: geggsla% %%%}rliﬁ%ttgﬁﬁl%@zlas%gﬂigggdj (%'bg(?lljtgrglicl aréldde l%Selglge? g} Lf}/n l?enlgerirpat)l(z%g 16 Be

© ' lonizable (e.g., tyrosine, serine, and cysteine residues). Accordingly, strategies to label éither ™ -
the N- or C-termini are provided to afford the greatest degree of seqq;i_lcing ability for any _

20 givenprotein. Once a label is selected, a deconvolution algorithm can be modified to'searbh

for masses that correspond to any modified residues.

Chardcteristics of the Fragmentation Spectra 7
‘ The mass spectrum (Figure 1) is basically the number of ions,'(Cﬁunts)ﬂ‘that' o
25  strike a detector plate. The time at which the ions strike the detector plate detenninés_"fhe |
mass to charge (m/z) ratio of the ion striking the plate. The detector plate is calibrated with |
~ known m/z molecules. Each scanning time bin on the detector pléte is then assigned an
- average m/z value and collects ions with m/z ratios of a defined range which is based on the
* particular design configuration of the instrument. Generally, the size range covered by each
30 " -detector bin varies as the square root of the m/z value of the bin. This means that the absolute |
mass precision decreases with increasing m/z in the mass spectrometer. Noise in a mass
spectrometer is always positive. Therefore, the signal is always greater than or equal to zero

in each bin.
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WO 02/ 066952 PCT/ US01/ 49951 simlar proportions prior to fr Hﬁﬂ%ﬁbbon on

the MS. One advantage to this latter enbodinment resides in I'mzing the
possibility of si naI di lution when side residues are also |abeled. In

anot her eﬁ%gﬂFW§ duplicate sanples are |abel ed with sepBFEUSIT/H83 s,
fragmented separately on the M5, and the mass spectra added together to
forma virtual duglye hahRh8fisReEE ggémmmf%taghlen@@gmaﬁs @mﬁﬂrbgm; the
reactive functional group Is separated from ohe or both of the detection
enhance nénhtyct@rdpntrfg ot p@perly teakittertruegsoteisi sgqmr:,eiepmdpr@wnﬁle rijgtie digmaker .

nort | asne ok e e B0 e el et BB el e or oup

and at |Rasfived alosftrehﬁ’tﬁ b@ﬁ:@@@ﬁﬁé@as tﬂ@iasaampmm‘e ifra@fneﬁth@n h’&gldaWd :Ialaﬁvca
preferred enbodi nent of the invention, the linker is conpose

hydr otar t8dhe @wariqrcwf othgrdensAndmersa it (e mass EPRETo dde B5H f%«'rrarﬁrrs rtrlhwéd to an.
aryl or

Betveen {ECERAR B haBinPL gL AL AR R BOHRE AR LRSI BRBAARLOR, g
by one othe oagitinrepye abloul $00i amu. hﬁnarstqbsav&daasrwtappaxfentllﬁtsdﬂynbmbdhmbbﬂnmkmr ns and
nodi fi ed hydrogcar bo I NS be ug wi thin the sent entron
Pr of ef £ WU GaBREOh T RSP fckeiwe Heles of i oHiept PR Ry Ptk oy be
found imRciibeseliddVdriations 1a|t1|fe9§hﬂfe wayl dt /P pédificrisl aBbl e/ atpue] B0 agh. | THik & S '
rangi ng from2 carbon atons to about, 20 carbon atons in length. Wthin a

pr ef &t r e@owivisadly pessrvedin Figarq hatantzipgpitionsaboye gt 200G ama phenet hyl |
aliphatic amde, @f, §&%ﬂ&'ﬁe§sﬁxe Sﬁee%ﬂ%g#@m g?th%;gﬁlg ﬁéﬂﬁﬁ@&

Conponent s ‘A detection enhancement co erein;, re ers to a
portion (efg.thigh doatie potagriaiofoe iry sduned frégaudnkativa) msuldatmhcmasedfabtrltthnpm& ein

fragnents in the mass ectroneter Acccrrcglil rg | on enhancerrent
componorfesiat Brothtao Gt Frst B et pentigan DO sactOpitie
f ragment&hbﬂ%&&@ﬂ'&fﬂ%@eﬁ&d% @%@0@1@%&%3&8&%{ frh QRS IAR &E%&%mc or the

conponent can provi de a negatively char i oni ¢ Speci es under
fraglrﬁentrmttﬁmmfpm’rdrspaccmabouﬁlaalurmm.t ﬁpb@bbmfﬁmnt fragmentationrsonditiohes . For

many of th det ec enha cenent co nent.s e _ampunt of joni.zed.species
present Ry fippggrsgL ef"ﬂ'é’q %craggrg%[eénag%megp gﬁ}eﬁ\e/era e “’e%krf g’arkeferred
det ect i cspacingRRBSIRIE to CORNMRRNY With Itheﬁaamcﬁmciﬁraslntmaig fespmedtedgmas Bt e a
positive or negative charg é can be classified into three categorjes: 1)

L3

corrponerhf%lequﬁ%be dug toplighidildercnges inthe e@wee@hﬁ@ﬂm@rrqféhe BRRIGHY OF Qg
char ge, ggég@&@%@hcﬁékg}( QY no charge but are in close.

proximty o pr er nre fat carry "soft" charge.. Conponents that
carr3pg " har d" char de highty fugeagegemdtiofs vithoily- dlithe pgake in the mass spectrum -

overlay this nearly 1 amu pattern (Figure 3). It is this observation that enables the key

- aspects of the current invention. First, since most of the peaks overlay this pattern (or a
multiple charge state analog of this patterrl) it is possible _to__easily_ distinguish the signal peaks
from labeled fragments that lie off this periodic spéqing, :‘,such;as,_lé!:rele_d_'ﬁ'agmeﬁts wherein

25 the label contains.orié or more elements with an unusual auclear binding energy. -Second, the
periodicity allows for the determination of local minima and maxima in the mass spectrum,
‘such that the spectrum can be cor_nected for local noise, aIlowir]g for 'a better d_cte_rminati_on of
the actual abundance of counts at each mass-to-charg¢ position in the mass spectrum. Third,
an average or characteﬁst-ic peak shape can be determined for the unwanted spectral noise at

30 _ highly fra_gmerlting conditions and this noise de,convolvéd.or subtracted from the rest of the
mass spectrum, thus reducing its contribution to the ranking algorithm and improving the
confidence of the sequence determinatioﬁ produced by the algorithm of the invention. One of

skill in the art will appreciate that other larger periodicity patterns may _also be found in the
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substantially ionized under all conditions, regardl ess of n?gAﬁi&%HS "Har d"
positively 34 18 April 2005 WO 02/ 066952 PCT/USOl/49951 char ge eéction
enhancenent conponents include, but are not limted to, tetraal kyl or
tetraaryl so®metysrgroups, tetraal kyl or tetraaryl phosphopdpiRgsvips, and
N-al kyl ated or N-acylated heterocyclyl and heteroaryl (e.g., pyridinium
groups. "Hard" %tlvel y- char ged detectlon conponents i nclude, but are
not |im €88 3d 31“11%{ Y ABPIEF 10 @FSisl §1 SequengP dpronuelution W asiditian todhin R paitarhat
carry "s@hdwnCharge are arrangenents of atons that are ionized at a pH
~above or be|OMlth6Ir pKa, respectlvely (|. ., bases and acids). Wthin the
context of the curéehi_lnventlon "soft" positive charges i ncl ude those

bases with a pKa of, r refera r n 10,. and nost
oreferably greater’f Hgt «d é é]leu gconS‘Jﬁfagfg %}c ‘éarﬁ &‘8ﬁ%1°dlt1‘?98 i on,
"sof t5 nédpatingsgeabar ges |ncI ude those acids with a pKa of 10 | ess than 4.5,
and preferably |l ess than nmost preferably less than 1. At the
extremes of pKa, t)h@eﬂ@éﬂf?ftheﬁa?ig%grc&sﬁ%a@ﬁ%P%@rﬁfqretdr pljfis the frapment:

- charges.® m&&ore@mBfm@klyec&ha{vqaﬁowsiﬂg%wn enhancenent conponents
i nclude,, . but arenot limted to, 2, 3 al kyl or aryl ammoni um
groups, substitut et &rtrdahcrhsmﬁmhlr goré@hnhétcwm}tode)dr negativeehages yliredte. g.

pyri di ni Pé??xotgﬁl%lﬂgefr@f{ﬁﬁuoggt H 0{@ ff. base or imne groups, and

guani di no groups negat emmH%tr ged detecti on enhancenent
conmpodent s i ncl ude:,u) bhl& laBélds pfeferihlmdbadt under tak bmeRtatias ¥dndadmb axd/dat e
~groups, .al kyl aryl sul fonate groups, and alkyl or aryl phosphonate or
phosphat B"WE&SQ ““%PraB’Gt FREMRRIEHOMand "soft" charged groups, as will be
under st god by one r I

acconpani ed by couﬁ? élrlé)%ﬁés} dﬁg;ﬁ)%ggll%%'@{: ar gffheﬁoagle%%@% ‘F%Mdltgﬁff

vari ous pabodinedtrgturinggowbtionsetheshy répmdtqgthrby and/tahgmmﬂgatagelmggh@hiper @ncl ude
~oxyani onrcéngfnulsomer al kyl organic acids (e.g., acetate), hal ogenated organic

acids (e.gQ trifluoroacetate), and organosul fonates (e.g.

N- mot phol | noet hanev)stilk laeRd§foteihpec feraBlitt@AInG BSlubIR N maISIbwg*eysyﬁmmed
gr oups | cl.ude, for exanple, ammonium cations, . alkyl or aryl ammonium
cations, - al kyl or aryl sulfoniumcations. 25 Conmponents that are

~neutral bUt are i Nyi$ gL gf’éﬁ%lg%&&sgg Ak ?c}nnzau%ﬁ 'eﬁ?b?én&g/%?tthe ofi Bﬁl¥rr 8150f t"

charge (e.g, lysine, histi rginine, tam c acl or as aci d)
can be %tsle@té@saietsr@plemt,amldancerrent corrponents In this case, 'the Iabel

carries no ionized abl e S t he detection enhancenent is
. provided by a near‘83 Fgﬁbsf a¥%°§|93c‘i %ﬂ tgfeoctglo ré‘%or‘éffﬁcﬁ’écaﬁ%;}isﬂl’ﬂ t he
cont 2xt” lecieied gmaa@rhtunmmeaﬂigs@;smrsin@&ﬁ RIteialedch 1hisel e frhgifsht pSsitddh, Wi t hi'n’
about 4 residues fromthe | abeled termnm nus of the}@grot ein, and. nore

preferably within Ingissuet the Jabsi sglestiomenteny preforardlabeleramaigtiessire theee halot ei n.

. have a detection enhancement component, an ion mass signature component and a reactive
functional group, preferably one that reacts with the C- or N-terminus of a protein, The’
‘feactive group can be directly attached to either or both of the other two label components. -

25 7 ~ " Inone _embodifnmt,‘ labels are used in pairs to further increaée thé.";'ib_ility to
identify the mass ladder from other peaks in the mass spectrum. The use of mixed isotope
labels is particularly suited for further deconvolution of the labeled fragme’ht;peaks, since

“abundant isotope pairs will only exist for labeled fragments in the mass spectrum and the
1sotopes typically exhib.it similar ionization and fragmentation efficiencies. Analogs of a
30 *Tabel that differ by one or more methyl or methylene groups, or charge state can also be used.
~ Even two chemically distinct molecules can be used in dual labeling situations to enhance the
~ identification of the labeled fragment mass ladder. In one embodiment, a single sample is
labeled simultaneously with-dual labels and the combined mass spectrum generated. Ina

preferred embodiment, duplicate samples are labeled independently and mixed in roughly
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The detection enhancenent conponent of the |abel can al so b%ﬂgrliltﬂoglsy |
charged or capable of becom ng multiply charged. For exanpl €] I"abeél with
mul tiple negative charges can incorporate one or singly charged species
(e.g. car %93?’3?6372 or it can 35 18 April 2005 10 WO 02/ 068§%4/501/49951

PCT/ USQL/ 49951 i ncorporate one or nore nultiply charged species (e.qg.,
phosphat @ilal froporkieR B BhiMenta®xPsPIihe ME. O sdvenbediBislatef t he

i nvention a species bearing nultiple carboxylates, such as, for exanple a
pol ymam fekadimentyrades g Reniating thequatibiligy ¢f signasitmtiopyhey sidg residuseaed t o

t he prot.gl f hi ' : i.ns and

ot her - opasy SeEL A hoor Bhb ARLARRLAP IO PRIV ER sl BB el
" Pr oper t fragnafed sepafatety Ghibk M$-afid gigedassRBpateiaddedangetiRulty foemta desal dudln,

MODI F T%;(P\I OF PROTEINS: FOOD, NUTRI TI ONAL, AND PHARMACOLOG CAL ASPECTS; "
Feene{/, abeled sPeglfum.  Aneri can Chemical Society, \ashington, D.C., 1982,
pp. 370-387; Kasi ng sAl afbtherRinsoaithéid ahe rdab®vd fun&iondiQBouplié séphBA&) romSong et
at, Bioconjugate Chem., 8: 249-255 (1997). In_a simlar nanner, |abels

havi ng nqnetqr%p?sl i dhq dqteasion sahapeemenrompopm alhiie dpn 1pess signalEr @iPoNgiting

met hods i b : - ' ' : gxsqgg? ing ,
noi ety b@é%ﬁ?}%lrt \l{ge fﬁ@(seltr{]]slo @gfeg{?g? géesié" ggﬁu hg[ﬁ?tg{)llg 8?4;&%?11 eas%' fﬂ B%@%g!riladgf rom
a di am reack ehagyit,alloes bfficenestpariioe pf thenemtivegioes emt Atleaseorsyof theadther twout e,

the dj anine | tected usi hads known in the art and th
non- G ot CCTERRPHOC K Py b REBOE FENER T By PAPLEPTB B T Speci es

beari ng Rifhoded SIS 18/ dRS o \CBai RANEES pfebly, i2r HYARIBALA ¥haih ket Bk ammoni um
(Aldrich)). ] __?(-reco-gnl_zed met hods provides a ' -~
react i vearylaydictanpryigpecind preferablyrmyodded addionphgspasetiintiepreccaitha igaizablyany  such ;-

brom de) ). Deprotection using ar

si npl e S&P‘Sﬁﬁd t%e?iﬁ%kkgfgf&u _nrrul tiply charged | abeling species wil be

appar ent one o the art. . 20 lon. Mass Signature Conponent The
i on mass si gnat ur eAcwitpenefersi®dtbyeone@f birdnarptkill irethk abied varigtynef ety whi ch
preferahly exhibits a upique ion nmass signature in _nass. spectronetric
ana!VseS‘.)%*iq?ég"&r‘fhﬁﬁ%“d %‘Péﬁﬁ‘_ﬁ’ gf‘émﬁﬁ AlEfs W&%’é’%‘ei’ﬂf@?‘it@%pﬁeﬁf do not
ef fi ci enphlehtibANPAgerid/dr&dn ichBAS whith AMELhEN BRI fIRn)IQHeARay K Bund
aromati c carbon conpourids) as well as nolecules that readily Z5 ionize
under priotks familyif 2lkagess witt ipeitsnkarky prefemed len_l@fmllgmg)ﬁym&mr@mﬂwrgﬁ% o

speci es. B

ttfb carbon atoms in length. Within a preferred f_:mbodirnent of the invention, the lii;kf;t. -
is a phenethyl, aliphatic amide, or secondary amine group. ' -
Detection Enhancement COH’IQOHGH[S'
A detection enhancement com'po'lient,‘ as used herein, refers to a ia_ortion.q__f ti}_e
| labeling moiéty that facilitates detection of the protein fragmg:hts_in_ih;: ﬁass _speétrofnéiér.
Accordingly, the detection enhancement componént .can.provlidc a pqsitiVe_ly c-;.l%arggd_,.iib.qicu S
25  species under fragmentation conditions in a mass spéc,trome_tcf iorﬁ'iatiOn chamberr,;ol'_.tlhc_:'_ _
component can provide a negatively charged ionic speciés ﬁnder"ﬁ'agrnentatiqn c_o.ndi-tio_ns in |
a mass spectrometer ionization chamber. For many of the detcction‘llenhanccm_ent
components, the amount of ionized species present will depend oﬁ the medium used to.
selubilize the protein. Preferred detection enhancement components {i.e., species that .c-a_n
30 generate a positive or 'x}egative charge) can be classified into three categories: 1) comi,)onefl_'ts -
that carry “hard” charge, 2) components that carry “soft” clia:_ge, and 3) components that |
provide no charge but are in close proximity to protein residues that carry “soft” charge. -
_Cor_np_o_nents that carry “hard” charge are arrangements of atoms that are.

substantially ionized under all conc_ii_tions, regardless of medium pH. “Hard” positively- . |
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types of chemcal entities can be used to shift the ion/nasssi'ﬁq&bgre of
the ami no acids and peptides attached to the |abel (after aBment ation of
the | abel ed protein) in the nass spectrum As a result, the | abel ed am no
actds and papbtieszare readily distinguished from unl abelgd,@maesaci ds
and peptides by their ion/nmass pattern in the resulting mass spectrum 30
In a preferred enbodi ment, the ion nass signature conponent inparts a nmass
to a. pr&haeed diechignerhanperoei certpenanfsipeludes buigpeedt liitst to.detfaalighent at i on

t hat doe . [ . natur a m no acids.
Ina oot Bed i ol RS e B B oS s B B RR 0y

el ement Nhatyl@adbdtirbeyclyl and hetaroatyil (. ngyridirdugy grdifst ¢Hant” fepatinelyhehangridor

b bl AT LS T Gl o ™
bi ndi 19 ener i es CBmpid thit a9 “3310 Tark oRORAARERESo S GRIRRCL F QUr e 4)

preferred elements w _uni que Ton nass signatures are those elenents in

t he peri étiizedtagppH ahpyeordrelnmy theppifserespectiedllien bases @@l yeidgsid Withig the) .

Parti cut I : el t s, for .00 f Lgnat ure 5. conponents
of the 1 Cpab B CLEEH BVERBR. (hor o3l Hirs? hellRE Ruobl BOES YAR adpiha 65
(Eu).  Theeateogtan 81 meferabdyl gehertiah 40§ ol nusep@feribhngremssthan gnalthén tlenponent s

are those with_.atom c  .nunhers, between 3 .apnd 58 (Ce). Br and Eu are
2\ S0 par EPUEHR My SHEn APV B obarTErReEve Gptarhielids Bloseacdsuiin 8PRERESe
el empnt Sieex a5, AOprefefddlPleb SMEP PSR Host HEfERbYy REURLN Pr AP Heldk@BRes #Nd

nucl ear- bi ndi ng energies that differ significarntly fromthe periodic peak
pattern Bbadhyeet]ohdraes spporach plassificajor at ‘@drd rehearges. ivo8” ppsitivelpokaresd The

el ements : re:. rticularly  preferr i On nBSS, S ghat ure
conponent e eflolnBa8pBBidt Etelic by BF RO, FoaReR ALY ng
ener gy faamohiven greups)slibstipet sidrunfutagmedthepealyclynandneei®ss (gpect rum and
because _th ¥ ?née reaghil_ﬁ/ inc% o&gt ed into labels. Transition netals are
within tWé”CE ‘g BrodaS, RO CBF 8B TN FAPSand gHdne SHPUREs SUY gnat ur e
el enpnt sn@gaqv%aah@g@&t&gioh@ﬁm&ah@ﬁt%gmbm&tsl iR b ardRo ARt ALE SalicF! M | ar
to the known (Lewis, et al., Bioconjugate Chem stry 5:565-576 (1994))
and Eu (@AYl gsghoxukategroups plgyl rardsulitiate S0g8]ad58y! oheatyhplsphdmtemot her
enbodi nmept ﬁaté’ fdgbjﬁe i on mass signature conponent nmay be created by using
a multiply arged  label . Such a multiply charged | abel can incorporate an
el ement with a di fHebeti“hantlmdrsdfinianed eRapg s #ill Bandeaisddty celogl y ~of
elements simlar_|n 20 nuclear binding energies to that of the major

prot ei n YOHED tifeift'be st bnstavaF Yol B¢ HFRBPIRiG BecountsFiRpTOAAPPRSIISFAREe. or
SSAT SRR ok Nt a5 S B AEO ARy 0 e
nul ti pl einclugde gxyanighaeflowst atkyl oadc agdnfegt, aoectetek hrlogdenstmiorginic dadrele.g.,
‘Consi st Stﬁ?ﬁloleolagetﬂg); grlme c%eggxgt;ssum)tgar%es e.g';!, ?ﬁ&orpholinoethane sulfonate). The
counterions for negatively-charged groups include, for example, ammonium cations, alkyl or
“aryl aminonium cations, and alkyl or aryl sulfonium cations.”
25 | Components that are neutral-but are in close proximity to protein residues that
carry “soft” charge (e.g, lysine, histidine, arginine, glutamic acid; or aspartic acid) can be
used as detection enhancement components. In this case, the label carries no ionized or
““ionizable groups, and the detection enhancement is provided by a nearby protein residue that
 carries charge. Within the context of the present invention, close proximity is defined as
30 “within about 4 residues from the labeled terminus of the protein, and more preferably within
about 2 résidues of the labeled terminus of thé protein. ' :
The detection enhancement component of the label can also be multiply
charged or capable of becoming multiply charged. For example, a label with multiple

negative charges can incorporate one or singly charged speciés (e. g. carboxylate) or it can
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bi nding energies simlar to C, H N, O, and S. Anultiple Q$A§ rge
state of 2 is nost 25 'preferred when the | abel contains at &3 o

el enent exhi biting a nuclear binding energy different fromC H, N, 0, and
S. As wi | IWO&2AmHar st ood by one of skill in the art, spurPETASHESSSISpect ral’
peaks can arise not only fromthe fragnmentation of unl abel ed am no acids

and peptldes but a uri |es | the £ and IX

order t o fEPPH OnlcREP’é’é%@u{Hﬁ’b/n%ﬁf%ﬂ %:écss oF Bos%ggg |‘(])1na”re r§:§§errglttgﬁature of
the I abed:xaaiqu fahibemdbdimehCofitRemb bdtbondapedi@bdaribg hedtifle agbeilaggaks from
"noise," it is preferable to shift the | abel ed fraé;Drrents to regigns of |ess

spect r al S &irszamile 3 pelymagiingsatesylagsielating psnt @fel ED By D ERaMs pBacked tq s
preferr t r and

eas 1 ot 7atin; ME ROt lBiSe PEDGR Bl PR o R aph DA ST 0T
2005.3/\0 ®2l @ﬁﬁﬁﬁxﬁ thRGirt. 986 K6 id@mple) bleares dectlel’ ‘Riapedicbpf Ih¥iveddelateFaggedi on of

R i ST et LR Uy S e
char ges mm@wbm@ﬂm@m@@ "REGI, ed D Es., Aﬁneabérﬁmlﬁaﬁwesc@&twod for
provi di ng nor e uni gue mass S|E%nature to a 5 | abeling noi

i ncor por iggtam LuCi, 4 88% pes3 103 &/n Kasnp e al. (Q%OHJF‘SW‘?Q‘&%I%]O%;}M (]eqtgshl

“Nat ure r exanple, by incorporating ei ght
deuteri ?ﬁ%@@@,?c@%ugg%%&ﬁ% (Zl?f%?‘)é%i?ggﬁd | abeling the protein with a

| 50: SKD m xt ure of the sdmulﬂrmaanadlabdnﬂa\nmgmheumécmsadvelcé;la@% cirhee meshabed ng

oYy o AR R T U DR LR o3 Rer R alRBBR LT 0D 35
Wi th th%aﬁ@d&uﬁ@@oﬁ%sha@%hu?&&ab%r@ﬁdn%n&&asup@réms@i fedth bAIspEiRe (g, to the

species with the deuterated bel with a spacing of 8. amu. In a preferred’
embodi newbyleaadiaming)s i repegsemateve ssmthaeg wutch i diapine 13 mapepralected usisg ngl e

char ge t__nr. r is from
about 4 PEEs B P AR g R RN TR h/IE HRR Rl WL EREE % ot

mul tlispl ewitls @Bp}zpes ben‘nrgloal;mnmret Ihnattwexhargest(e @uc{EMmmmyl)tngaeﬁnhngnmum

signi ficant re 15 fromC, H N 0, and S is preferred and Eu
ol Sirent gt A %})éﬁémraﬁcmwweaw segbeeflpb ot o R %‘fﬁctlvgdiﬂzfﬁwé
abundancgsgcief be’ﬁﬁﬁ’%ﬁt 1888 BEb pARERRArBEINIOE) fueh sPRAY selithdicaoies ® nilikiglie mass
signature to a labeling noiety is to incorporate a m xture of ‘al kyl and/or
aryl subé’ﬁ&ﬁdtl&bdmgmt:l@swﬂbbf#méﬁentt@mhofﬁ@ in higeaartcor r espondi ng set- of
fragment peaks is easily recognizable in the mass spectrum For 20
exanple,, the protein can be |abeled with a mxture of a |abel that

cont2@i ns a tri met iy MoanSvpmicire @eispertnd the sane | abel that contains a

di met hyl et hyl anmmo umgroupln pl ace of .the trinethyl ni u “Thi s
| abel i ng noi ety proAIRTEEASRENFUEIARRONEY S %&Q§IMK¢ tabelin gmo‘ethWh‘g}?

preferably exhibits a unique ion mass signature in mass spectrometric analyses, The ion mass -

si.gha;ure component includes moieties that do not efficiently ionize under conditions in.
~ which proteins ionize (e.g., aromatic carbon compounds) as well as molecules that readily =
. 25 ionizeunder proteih lonizing conditions to generate nﬁiltiply charged ionic species. Both
types of chemical entities can be used to shift the ion/mass signature of the amino acids and
pepfides attached to the label (after fragmentation of the labeled protein) in the mass
" Sp,ectﬁlm.- As aresult, the labeled amino acids and peptides are readily distinguished from
uniabeled amino acids and peptides by their ion/mass pattern in the resulting mass spectrum.
30 Ina preferred embodiment, the ion mass signature component imparts a mass to a protein
fragment produced during mass spectrometric fragmentation that does not.match the residue
~ miss for any of the 20 natural amino acids.
_ In a most preferred embodiment, the ion mass signature cdmponent isany -

element that exhibits a nuclear binding energy different from the major constituents of
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each amno acid in the sequence that differ by 14 amu from gﬁghr.loidagr.
w ll be apparent to 25 those skilled in the, art that nmany R

combi nations can be derived. Reactive Goups A third conponent of the

| abel i ng My@hfoshsz@ functional group which is reactive wWith the

N-term nus am no group, the C-term nus am no group or anothéer Tonstituent
of the N or CGterm nus am no acid. 30 The reactive functional group can be
| ocat ed d@rotging. Ehﬁsm@]pown@trrmtm’imﬁmgtexrﬁ@re Ce Xl and Re Defininiginvelegroogingan be

Lo an ar yrealisRbiren Vi Tria 7 B0heBo Gt landi Bifie Bhnies¥o timaniyul o7

substi t utug u@hdﬁb’rhas@@%hﬁ‘tuie@taﬂ&h&@ cletheBd iR EHE poiidaicaatile with@idrBiR Ghintersar OUD i's
preferably located at a m nal position of an al kyl chain. Reactive

groups arm§tacad ¢ &gl gnd ?’éﬁat .Pawgula@lépweﬁqql edgnengs ®p1EG 25100 B9 809066952
PCT/ U§Ot / c%%?%n&rcﬁqlﬁl l%en gnctil.Pﬁ %ﬁ%ﬁﬁ%ltﬂ :R%( lélu%be?sr ﬁet&g%ﬁ_{ffe %’#cﬁff@oﬁ hat

are wel | | oconj ugat e emstry
cl asses die mmtpne&nsd allementh dererseviis ioh npisosigeaturewnthponentd at thost withi atdnic

condi tions - or, i xed ueqQus/ or gani c soI vent. mlieu: .

Parti cul &% ?’ ?’? gg@?é‘ﬂ'nsg]t(é‘r’e)eﬁ q’ﬂg ugare alse PRTHEUIATY R %’Teélrﬁoﬁwoﬁ?%ps in
S protei Mtﬂellﬂﬁaﬁ b@éaﬁﬂofﬂﬂ@sel\éﬁtﬂhfﬁdﬁﬁﬁﬁt tivD Glabfisotb s cﬁ%&f@ﬂiﬁeqtﬁlﬁﬂﬂop@ﬁﬂ@i | des
(see, Sanger ) Bi ochem J., 39:507 (1945); ei ght on Pr ot ei ns:

St ruct ur @84 awdeqvbméml CHPTSS |th%¢1|5ﬁeé§gm(1thly from dherfrgriodiqpeak p@term observed

2‘ adel'bw' ?&Eﬂr?teiﬁs Er %rﬂent 1tn|'fﬁ9§1a§s% ‘?S‘ﬁ’%xﬂ?f’lro%ﬁ %g@ﬁ%}%&? Jli'gaé'é%lso ggﬂlfcgﬁhgll
chl ori deprefértadayn mdds dign,atumcormmnhud 8s thay Eﬂz;mrﬁie@yates? GiffePdncd 3nclér2) ) ,

cyanates,(Stark, G ds in Enz 25:103- (1972)),
Yot ooy HUBS reNyTap the piodic Prpizn REHRIL LR T2y RsP B 94 G011
(1973)), aﬁ@@&dl@rlﬁc&ﬁht@h o labels. Tfangition nfeddls ard Wl%l@ﬁl@%f&n‘@(@m‘?djﬂ‘ms%o
(1982)), N hydroxysucm nimdyl esters (Lomant, A J. . Biol.,

104: 243- peferiedInts@f pniqer ipsyndss ganaters e(qnméaﬁnd CAn often b@ maorporaled ot Iabeﬂza ol .

04383 EEclalR oy (LIRS S A0 OO 55 LSRU SR oal Y

al ., AnalaudE)ln(aZarl,mgiBtaQOBTSPQ&ﬁt)NarﬁcBSl‘ilcﬁSﬁ)alyelﬁés al . J. Chromat ography, _
499: 579 (1990)) ; qr‘EI‘JI . des and activated al kenes (Wagner, D.S., et
al., Biol Mass Sp odypen PGS 1pR 5443 JIETARISCRIPRRERE A BCes of

chemi cal c@@teabyw ghﬁlutltmy cﬁa@%{@tla Bt SucdhRema s Bpmékgeariﬁiépém%c&b%ﬁé s are

benzyl hali des onons Organi c Chem stry (John Wley & Sons, NY,
1976) ; MRIEWERG ‘iéllﬂda dx@erensmcémbmdma ea@gy engaremmsn(stlmﬂy of elemteto lsmmlar iH, R

.et aIZO . Mfél&? qﬁuﬂr@ el;ggg}ég% f?ngydf tl%esmzl'%? px(oi!'em c?)n%txﬁlents Such charge states may be

formed with “hard” or “sofi” or a combination of “hard” and “soft” charges incorporated into -
the label. Multiple “hard” charge states between 2 and 4 are preferred. A multiple “hard”
éhérgé state of 3 is most preferred when the label consists ébiel'y of eléments with nuclear _
*binding energies similar to C, H, N, O, and s. A rhultiple “hard” chirge state of 2 is most
25 _fr'iarefened.\'irhen the Iabel contains at least one element exhibiting a nuclear binding energy
different from C, H, N, O, and S. “ ,
As will be understood by one of skill in the art, spurious mass spectral peaks
*can arise not only from the fragmentatic’ar‘il"of unlé’beledjémihb acids and peptides but also
*from i lmpuntles in the sample and/or matnx In order to further increase the umqueness of
30 *‘the ion mass signature of the label and to be able to 1der1t1fy desired labeled fragment peaks -
from “noise,” it is preferable to shift the labeled fragments to reglons of less spectral noise by
optlmlzmg the mass of the label. For example, it is preferred ‘that the label mass generate an

ion greater than 100 ariu and less than 700 amu, The upper limit on the mass of the label,
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carbodiimde (Yamada, H., et al., Biochem, 20:4836- 4842)) 1$ﬁéflll ; arly if
stabilized using N-hydroxysuccinimde (see, G abarek, Z. nal .

Bi ochem 185:131-135 (1990)). Both of these carboxyl | abel | ng approaches
are expectV¥@ ¥¥6¥Rbel carboxyl containing anmino acid resPGRASIEF
aspartate and glutamate) along with that of the Ctermnus. These and ot her

. 25 usef ORGANI C
orEn oripE A Bl HaB0aRRibr b ind Al RiRInfeter ML MO BE GRS

Bl OCONJ Lh@qﬁ&fmg\th@u@ecumm@mﬁa Rrves@lecsbnwmgb@ebel 09B% incsmsingdeney et
al ., NL’DIFbCAT j%\lr R%rg":hNSIg Af DCESIapdl Chem stry Series, Vol. 198,
Arer i can ChEhPtaPESS &R dt VMRSHT Ak ‘F’S‘ﬁ ]B?]: 1982. The reactive functional
groups can be chosaenalsdﬂﬁ;nwbhethddfreypm;m@gaﬁefetdrﬁquaaﬁaes sigfatinid,to @r interfere ‘
wi th, the reactions necessary to assenble the tag. Alternatively,

reactsi veabaligg naigna togreniprratastable iptepesin & lnbe ﬁﬁeﬁaf?ft PRMPR Gygt ¢19l- t he
reacti Ow,gxretmmmn%%cem%g@gg?é th{ é»{hﬂ-ﬁﬂ{ ?»g%coya%ﬁﬁ%fgsﬁhﬂlt it the art

under st how to protect a rti grotp "hat it does
not i nt extdres mtow tahelmg:zlnosmnsléabed)hgrt}wurbteonwubadi)ﬁ() onsturd-ofithedangited of 39

18 Apri 005 066952 P L USAL 149951 usef ul otegti Loups, see,

f or exarf’ﬁlﬁélon‘ilﬁ“ EHE é%% g?‘ %@éﬁ' '?ﬂ%%ﬁ{l\ﬁl% %ﬁ%ﬁﬁg‘f}% John:

Wley &eSgrysbdeINmed\i@re&ualgaﬂtknselaogbreee obe atHe Maf PWtHOntiRg (6 theupddidses of a
varlety of | abeling noié€ties having one or nore brom ne (Figure 5) or

i odilfe” (vilythe sowleufaryad labeh and A @hera%éhfsmpﬁépaee’oed% @rtbﬁépﬁceéwﬁ.t € acid,
6-b i
or OnD- u@yﬂ%&%a ﬁ‘g{r{;@@gaﬂgéfﬁf@ow a & écﬂerﬁt%dﬁ@m tﬁ H{agmpb%péélgr o ne

aci d,” 4-bronobenza conmmer ci al aval

substi t whed t}mnyabomalrémuyﬂ the siagiedhargSistaltd. Iutthemodt@ba&rsedomﬂaddenammaﬂhésy L
pr epar ed.. ia br.omi nation, . o nation of an. ar carboxylic acid or '
D e et Rt e s arotcrt B b B haftromet o o ey ot | ¢
conpoundguigpRr isedpes bPemeh® tHap eggb@huskirYindify édeeglésrstgrﬁmnmp difef&fiences for
their preparation can be found in general texts such as March, ADVANCED

ORGARI C R BTRYO, @1chS preferehinBrindEu glemspis aregpest prefarked because thee art wil |
further ﬁl?ﬂrn%%%?aﬁ&méé %ﬁﬂgé@?kﬁﬂﬂo‘ﬁt 56‘ residues are typically

acti vat €4 contacting a protein.
Addi tional ly, exawino#idr aretind fohwol alired amgrermquémem sipnlitamtte s ldbeling t he

T O R AT o A S AR RD TR A e 2t
igflclr I gg%@ébrefspdneﬁ@ deﬂgf mneént Béaky $e84dlly ko SabiARRheSmads spb@ruf BNt . 40 18
example, the protein can be labeled with a mixture of a label that contains a trimethy!
ammonium gre_up and the same label that contains a dimethylethylammonium group in place
of the trimethyl ammonium group. This labeling moiety produces.two fragment ion peaks for
each ammo acid in the sequence that dlffer by 14 amu from each other. It will be apparent to
those skilled.in the art that many such combmatlons can be derived.-
25 o
Reaetiee Groug. M _
A third component of the labeling moiety is a functional group which is
react:ve with the N-termmus amino group, the C-terminus amino group or another constituent
of the N- or C-termmus amino acid. ‘
30 . The reactive functlonal group can be located at any position on the tag. For
example the reactive group can be located on an aryl nucleus or on a chain, such as an alkyl
chem, attached: to an aryl nucleus. When the reactive group is attached to an alkyl, or
substifut_ed_alkyl chain tethered to an aryl -nucleus,. the reactive group__is preferably located ata

terminal position of an alky! chain. Reactive groups and classes of reactions useful in .
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WD 02/ 066952 PCT/ USO1/ 49951 Table 1 Generic Mass Defect LalriT)%A néoggl eties
carry charge (positive or negative) for MS ionization. Bli%es are

mass defect elenents. C noieties are reactive groups for linkage to

bi enol ecul &80 02/8682 and C noieties are | ocated on a vari etpeTaisoi/499s1
aromatic/aliphatic frarreworks 1A Exerrpl ary A, Mieties: - - -NRR RR=
H al kyl, aro ar o N2, d,
e B TR posctt il pemy SR N 968 v G oS, |

aromat i c-poddd ate%ergﬁr%l@uﬁeﬁl avdted Hassedbf rédcidhs ar@ﬂﬁ)@@{vhﬁﬂﬁbrc;elzedll - -
P-OH -OP-COH =H, alkyl, aromatic O NRRR" O SRR O

-ORR . mngder tRl'aﬂaq:lxy}lld cQPGWigRs @ an aqueous Or mixed aqueous/organic solvent milieu.

Particularly preferred chemistries that target the primary amino groups in
5 proteins (including the N-terminus) includ‘e, for example: aryl fluorides (see, Sanger, F.,
Biochem. J., 39:507 (1945); Creighton, T. E., Proteins: Structures and Mo[e&ular'Pfincrioles
(W. H. Freeman, NY, 1984); Niederwieser, A., in: Methods in Enzymology, 25:6‘0—99"(1972);
‘and Hirs, C.H.W., et al., Arch. Biochem. Biophys., 111:209-222 (1965), sulforiyl chlorides
(Gray, W. R., in: Methods in Enzymology, 25:121-137 (1972)), cyanates (Stark, G. R., in:
.10 Methods in Enzymology, 25:103-120 (1972)), isothiocyanates (Niall, H. D., in: Methods in

- Enzymology, 27:942-1011 (1973)), imidoestes (Galella, G., et al., Can. J. Biochem., 60:71-

" 80(1982)), N-hydroxysuccinimidyl esters (Lomant, A1, et al., J. Mol. Biol., 104: 243-261
(1976)), O-acylisoureas (Lomant, A.J., et al., J. Mol. Biol., 104 243-261 (1976)),
chlorocarbonates and carbonylazides (Solomons, T.W.G, Organic Chemistry (John Wiley &

15 Sons, NY, 1976), aldehydes (Novotny ef al., Anal. Chem., 63:408 (1991) and Novotny et al.,
J. Chromatography, 499:579 (1990)), and alkylhalides and activated alkenes (Wagner, D.S.,
et al., Biol Mass Spectrometry, 20:419-425 (1991)). Preferred examples-dfc;hemida]_- e
constituents that react with the carboxyl groups of proteins are benzyl halicieé (Sblomons; o
T.W.G, Organic Chemistry (John Wlley & Sons, NY, 1976); Merrifield, B., Science, )
20 232:341-347 (1986); and Horton, H. R., et al., Methods in Enzymology, 25:468 (1972)) and
carbodiimide (Yamada, H., et al., Biochem., 20:4836-4842)), particularly if stabilized using
N-hydroxysuccinimide (see, Grabarek, Z., et al., Anal. Biochem. 185:131-135 (1990)). Both -
~of thcse carboxyl labeling approaches are expected to label carbor(yl containing amino acid -
~ residues (e.g., aspartate and glutamate) along with that of the C-terminus. These and other
25  useful reactions are discussed in, for example ‘March, ADVANCED ORGANIC CHEMISTRY 3“’ a
‘. Ed., John Wlley & Sons, New York, 1985; Hermanson, BlOCONJUGATE TECHNIQUES o
Academic Press, San Diego, 1996; and Feeney et al., MODIFICATION OF PROTEINS; Advances

i Chemlstry Series, Vol. 198, American Chemical Society, Washington, D.C., 1982.

The reactive functional groups can be chosen such that they do not partlclpate .

30 “in, or 1nterfere with, the reactions necessary to assemble the tag. Alternatively, a reactive .
functional group can be protected from participating in the reaction by the presence of a
protecting group Those of skill in the art understand how to protect a partlcular ﬁmctlonal

group such that it does not interfere with a chosen set of reaction conditions. For examples of

—
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R=H, alkyl, aromatic, OH OR,N02, O, F... R =alkyl, aro ,
0- containing heterocycle R R =alkyl, aromatic R R =al kyI ngéé‘ﬁﬁﬁdys

_BRR R’ IF...
200 #57866952 1 B. Exenplary 13, Mieties: , , fﬁﬂi’é‘.l“??ﬂé

Apri |

R R'=al kyl, aromatic R=H, al kyl. aromati c,

chel ating framework can be any size \ geonetry with any nunber of

( MEY,

=al kyl aromati c)

Exenol ar%TN’éSI%tJ®IBsW11€Z&§OHSJI)JG\YFR'ﬂFk, 139ky| arorratlc O—I R, 2, CI
()(=C N §S;.

aromatic] --- NHR 1g%r%§$@é@f?%6§@i ?_lgg‘lﬁeg gfibﬁeky Otalag? g mgwt‘es(havmlgkyl

10

15

one or more bromine (Figure 5) or iodine (Figure 6) atoms. Suitable labels include 5-
bromonicotinic actd, 6-bromo-2-hydroxy-quinoline—4—carboxylic acid (BHQCQC), 6-
bromopicolinic acid, 4-bromobenzaldehyde, as well as other commercially available bromine
substituted aryl carboxylic acids. Still other labels can be suitably prepared via bromination
or iodination of an aryl carboxylic acid or a protected form thereof. Methods for bromination
and iodination of aromatic cbmpounds are well km_)wn to those of skill in the art and

references for their preparation can be found in general texts such as March, ADVANCED

ORGANIC CHEMISTRY, 4% Ed., John Wiley & Sons. One of sKill in the-art will further

appreciate that the carboxylic acid residues are typically activated (e.g., as a NHS ester) prior
to contacting a protein. Additionally, examination o.f the Iabeling residues indicates that the
majority have an ionizable nitrogen atom (present as an ammonium group at pH below the
pK. of the ammonium ion.

Table 1 provides a non—lir_ﬁi_-ting description of labeling moieties useful in the

labels of the present.

40
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NC2, F, CI oH ad (R—H al kyl, aromatic (attachment to actg%%b@ 00
car boxyl ic acids) 42 18 April 2005 WO 02/ 066952 PCT/ US01/ 49 tﬁe5| S
Once the reactive group, linker, and ionizable groups or ion mass signature
cormponent s wavusodeen sel ected, the final conpound is synthesig@gd.sisi! i zi ng
standard organic 5 chem stry reactions. A preferred conmpound for use
within the present invention is the NHS ester of 5-brono-3-pyridylacetic
acid (5-Br-3-PAA) or an anal ogous ag!ﬁPeIWth the selection of a suitable

| abeling noiety, conditions for attaching the |abel to the protein should
ensure that the N or CGtermnus of the protein is uniformy |abeled and

- that the | abel ed prgbgi NiREHAst BHaubl € in appropriate M5 buffer systens.
Typical Iy, 10 | abel 1 RendMtet chre, & gé e?ésu%or%@éﬁfveﬂ%ﬂ%&huﬁﬁtl&nond't' ons
(e.g., surfactants opm¥\dties aR)mass glkmahs. and urea both suppress M

i oni zati on and net hodsndidiies aprrexdtide graps tordihiege to pionietulesansf er of the

| abel ed -prot ei n sanphAB, tnd @ nisties bledoddted o & earictholdrdmatigalighaetienpl oyed. 15
Det ect abl e noi eti es ffamewmoksaer preferred enbodi ment, the protein is |abeled "
with a noiety that enhances its detectability in, for exanple, protein
purification and separation grocesses (e.g., electrophoresis). The

det ect abl e noi ety cah be_defected by, for exanple, spectroscopy (€e.g.,
UVNi s, fluorescence, spi n rasonance (ESR), nggl ear magnetic
resonance (NVR) and thelik ~detecfion of radioactiye isotopes, etc. \Wen
the protein is detect
chronophoric | abel to7t rothel e. Cetc) Slmlarly
for detection by fl FBr escence s ectroscob'y',' a fl uof ophore’ i s preferably
attached to the protein. For" exgppl e, Quantum DyeTMis a fluorescent Eu
chel ate and 5- carboxy-2',4",5", 7' -t etrabronmosul f onef |l uorescein -

succi nim dyl ester is.an N-terminal reactive, brom ne-containing

f 1 uor ophon@ (EgemBlAry .| MorNias! abl e-from Research Organics, 25 catal og
#0723Q and Ml ecul ar "Probés, catal og #C 6166, respectively). For ESR, the
detectable noiety can be a free radical, such as ajymwiety including a

ni t r oxi de- gMNBBp. RAHERkEL #remalie ot ein is det ect ed by<an\/R met hod, the

detectabl e noi ety can be enriched with an NWVR-acfessi bl e nuclei, .such as
fluorine,_1 and_t e tly preferygd enbodi nent, the

det ect abl e @ét y%@&ﬁﬂfgmgm (l)'ﬂ g % ggpl\/any reactive fluar escent label s
are commerci arly avall abl e from or exanpl e, theOSI GI\/A B

. N—R' o
o {’ : R.R'=H, alkyl, aromatic _ == -§—O0OH - -0S—OH
< B || .
O . (o)
NR™
| , . - RR.RR"=H, alkyl, aromatic . O 8]
- H NRIRH . . ” "
o | o= P——OH  --0P—OH
- -PR ' R.'R'=H, alkyl, aromatic - ' : .
R yl, aromatic OH. ) OH
@ (=1l .
- - NRR'R R,R',R"=alkyl, aromatic
o © : _
—\® .. ReH,alkyl, aromatic, OH, OR"\NOp, O, F... =~ BRRR" - RR'R=alkyl, aromatic
_ R'=alkyl, aromatic -

X“-'_N-, S-, O- containing heterocycle

. - R
® - .
- - SRR R,R'=alkyl, aromatic . ' oH

® ' . R
- - ORR R.R'=alky], aromatic R=H, atkyi, aromatic,

NO3, Cl, F...
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chem cal conpany (Saint Louis, M), Nbl ecul ar Probes (Eugen«,? 8 A 200g&D
systens (M nneapolis, M), Phar maci a LKB Bi ot echnol ogy (PisCa NJ) ,
CLONTECH boratorles Inc. (Palo Alto, CA), Chem Cenes Cg AIdrlch
Cheni cal ﬁﬁ%{ #9%2( M | waukee, W), Qen Research, Inc., & @Sﬁlﬂ? i fe
Technol ogies, Inc. (Githersburg, 43 18 April 2005 WD 02/ 066952

PCT/ USOL/ 4@@5 |§ % Bi ochem ka Anal yti ka (Fl uka Chem e AC,
Buchs, i ed Biosystens (Foster Cty, CA), as well
as nmany ot her com*rerm al sources known to one of skill. Furthernore, those
of skill in thexa wi || recogm ze how to sel ect an appropriate fl uorophore
for a particul g . Iicgtlor( ZBB.Dif it not readily available 5

commer ci al I'y,” W | N\ e abl e t(&%ymlk)daﬁmmatlheoh’e&ﬁsarzy@IFuo) ophore de novo
or syntheti cal | Y—rdeli fy comf&=€i, &.1S4- avai | abl e fl uorescent conpounds to
arrive at the desired fluorescent |abel. There is a great deal of
practical guidance available in the literature for selecting an
appropriate fluorophore for a particular tag, as exenplified by the
followi ng 10 references: Pesce et at, Eds., FLUORESCENCE SPECTROSCOPY

(Mar cel Dek-ke'r\CH\Lv%York---]:ﬁZl) (Z\A[.yrti? et at, FLUORESCENCE ANALYSIS: A

OF FLUCRESCENT P

PRACTI CAL APPRQCA Marcel Dekker, New York, 1970); and the like. The
literature al so includes references provi di ng, exhaustive |ists of '
fluorescent and chragogeni c nol ecul es and their rel evant optical

properties, for ch ing reporter-quencher pairs (see, for exanple,

Ber | man, HANDBOOK L UORESCENCE, J; BA OF AROVATI C MOLECULES, 2nd -

Edi tion (Acadenic Rressi~New Yor M %ﬁ?ﬁﬁﬁ @ iffi Bkle’ COLOUR AND ]
CONSTI TUTI ON OF G@@U @y € Préss, New York, 1976); -
Bi shop, Ed-;-RRDI CATORS. ¢-Per gano ngﬁ@éﬁgm%f@zgmrﬂ&@) Haugl and, HANDBOOK

S AYD RESEA vk RaRBRSany disgene,

0
1992) Pringsheim FL SCENCE Al TR R ér SR RFdih S E atoms
Publ i shers, 20 New YokkK, 1949); % the |like. "Further, there is extensive

gui dance in the litera®ure for derivatizing reporter and quencher

nol ecul es for coval ent attachnment via readily available reactive groups
that can e, a@@n@%gﬁ@m(ﬁi@ﬁeﬁs The diversity and utility of chem stries
avai | abl e"Tor conjugati ing Truorophores to other nolecules and surfaces is
exenplified by the extensive body of literature on 25 preparing nucleic
aci ds derivatiz wit® fluorophores. See, for exanple, Haugland (supra);

Ul man et al-_-@ds. t. No. 3,996, 345; Khanpa_gt_al_-gU. S. Pat. No. _
4,351, 760. Thus well within the abilities of thoseof skill in the
art to choose arP'*energ exchaftrel &OsH) or a particular application and to
conj ugat e the nenpers S pair to a probe nol ecule, such as, _

R .

-=- (R=H, alkyl, aromat
NO F, CI, OH, Ol -

- N._.__'-C_—__"N\R (R=alkyl, aromatic) s _Sozq

- == NHR - (R=H, alkyl, aromati
ae S

(attachment to activated carboxylic acids)

{R=alkyl, aromatig
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‘fluorescent conpou

for exanple, a small nol ecul ar bioactive material, nucleic ?ﬁA@nHﬂﬁgt'de or
c ir

other polyner. 30 In addition to fluorophores that are atta ectly to
a protein, the fluorophores can also be attached by indirect nmeans. In an
exenpl ary. wohagispent, a ligand nolecule (e.g., biotin) iscpi&igsAP!Y
covalently bound to the protein. The Iigand then binds to another nolecule
(e.g., streptavidin), which is either inherently detectable or covalently
bound to a signal system such as a fluorescent conmpound of the invention,
or an enzyne that s APr il 2005 WO 02/ 066932 PCT/ US01/ 49951 produces a
#ﬁL%%—Conver5|on of a nor.-fluorescent conpound. Useful
enzynes of interestOas thatmttwmgnmlp,lﬁakerfmdlemwhhd gpuﬁsminmi M8\ Signature

particul arl haosphat ases er s and i dasges, oxi, dases

Par 1 oul aryPBE RS seest b HEuRt corBon i Her A e e e B Can
its degi Vednmifs: reidiRAMANRefael donSpolAdl Forakst Vahin tRARedhnt invBRRhlid defee, 5
etc., as discussed above. For a review of various |abeling or signal

pr oduci ngesigrf abrormeratpyridalacesic agl(d; BrskRAAY osan mplegaus agsnt.4, 391, 904. Usef ul
fl uorescent det ect a»%ﬁucgiefefchgéoﬁagqlaﬁ TRilfind flolch QRS l raﬁxa{ugﬁtﬂ them
nc anple,

in any manner known in the art ng,
el ect r ochiehtldathe pesteinghroild easurd that thx &l €- teh’mhmad;fahce;broaelm lsﬁnﬂémﬂy belethi m ca

Acta 386: 1 ans of 10 d ctin | abel re wel |
cnown co. Hge T tled BoPeh fmains b apPippidte i G sy WBbaht | abel s
can bp defaBai@dvil¥e @4&icHioRBuldeeddraPngRBAIBoM (LB, ElRicRRRIRRM @LH.

wavel ength of 1ight and detecting the resultin fluorescence. The

f | uor esceburéactanis apd uerathoth wapiessMS ipyizatinn avd arpthads thehprovige aamid dedniupm by

e o ndthB AIhE |AERARIR SR §§?1&B%fﬁ§ FRURhERIIRKESRR DS O

phot onul t| Irers an enzynma el's

det ect ed by providing the appropriate substrates for the enzyne and
detecting the resuylting reaction product. The fewer- the processing. steps
bet ween any separa L = and M5 sequencing nethod, the faster that

proteisns can be 'd‘iﬂtahcf)thé‘rdpreﬁﬂgd EdiBodiReR tht«:ﬁs?otaﬁsstwaed Q&Hh%ﬁ@&m&@sear ch.
Typi cal el ectrophoresis buffers (e.g., Hochstrasser et al. Anal” Bi ochem,

20 173: 42nhanggey detegiabiliyras foeexampbt, oroteiaperificating @mﬁwara(rmmye)ssasdﬂgm n
cormpone nta?c‘gﬁgglgjres[lﬂt r’Ilhg ﬁg%gtragl)é %ﬁﬂ%t? %LA 9@]1%190@& taﬁ Bt e %Jnéﬁ)l pearn ??1089 ?rﬁ

dodecyl “that” supress onrzatrion _
spect ronﬂU‘e’Nis,'ﬂmmcmmpmwnhprﬁ&ysolﬁmdeQBSR);adclw:&ﬂihgnaidleﬁomeQNM)at i'le
conmponent s hol tﬁgal kyl sul f onat e wgf_llffers and .ephener al

sur f act arié §t§f-‘t lked. dgiphioR oLEAORELS HaSPR s oW TER e RERI IS SSecIDHEY/Vis,
enbodigment s dei@aiBAdRlEHle géattacﬁra%h@rﬂdf)trlgﬁlc %Elrlo HIFRSLAT B @ﬁéﬂ?f’ R&btRy107
anmoni um acetate "buffer to provide a'volatile proton sour or the nmass
S pect r omet@)- . Similprly, fivr desectiah by flanedscench mtrossspnaslupmh@)e is poaferably
attached to the protein. For example, Quantum Dye is a fluorescent Eu.chelate and 5-
car_boxy_.-2 4,57 7-tetrabromosulfonefluoreseein succinimidyl ester is’ an'N-terminal -
reactive, bromine-containing fluorophore (commercially available from Research Organics,
25 cét;cllog'#0723Q and Molecular Probés; catalc'-)g' #C-6166, respectively): For ESR, the
 detectable rmoiety can be a free radical, such as a moiety including a nitroxide group. When |
the protein is detected by an NMR method, the detectable mbietj can be enriched with an
‘NMR accessible nuclei, such as fluorine, '*C, and the like. )
Ina prcs.ently'préferred embodiment, the detectable moiety is a ﬂuorophoré;_
30 Many reactive fluorescent Iabels are commercially available from, for example, the SIGMA
chemical company (Saint Louis, MO}, Molecular Probes (Eugene, OR), R&D systems
(Minneapolis, MN), Pharmacia LKB Biotechnology (Piscataway, NJ ), CLONTECH
Laboratories, Inc. (Palo Alto, CA), Chem Genes Corp., Aldrich Chemical Company -
(Milwaukee, WT), Glen Research, Inc., GIBCO BRL Life Technologies, Inc. (Gaithersburg,
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anot her enbodi nent, a buffer exchange i s conducted through t‘fg Al 2005
chromat ographic or tangential flow dialysis as the sanple i Ator ansported

fromthe outlet of the separation process to the inlet of the M5. 30
Label i ng PMOY2#64°&% 1 n sone instances, salts (e.g., TR S aRETESY494Hd ur ea
present in electrophoresis buffers can suppress ionization of the |abeled

pr ot ei nsMANIFRRR Cm@ﬂﬂfaaB%cﬁéﬁﬂki AndIBERd ENkE TRem@NECT BadhsPOk REriaall), ¥ngonf use
sequence_anal ysi s. Accor di nglé n d| al ysis 45 18 April 2005 02/ 066912
Bbéhﬂp

PCT/ UsOLFPlgumlieg Paesyeteme Fogtan poyellag manpyapher cpmasestialrgurdss kpeyn
systems priQrof gg dr'\’%uﬁWFé ﬁms Skl Adhd Q{’?lg}i reggg%ﬂetﬂo%o%ﬁiems (e.g., the

Zi pTi pTM't1p so por can be use ean up and buffer
exchangeapp?h;&aité ﬂﬁbrspiiqaé &Ba@aﬂcdﬂa' applicaipandddf it nor&cﬁcMy aailaEle um bi car bonate -

as descri bed Mann WIlm et al wth 5 m.nimal
B 03 orCHRmERANBI SIS SOt ey dberib s riovs oY SYPLIFHSEIYG  or mi c
aci d)  WnblififtothARtciARIVEIBR Miord6&Hk hthpduni€tdsiteatnd B3P NudRbdent See

"Protein structure an identification with MS/ M5, " paper presented at the
PE/ Sci exlaB&li nar Series, Protein Characterization and Proteonics:

d high th Gty, CA
Aut omat ed i gh  hr pHONRYI: 1PN ABLER ERBEE Ukl SEaNTIkFORR ST O Y

ensur e tdeddciihpan amﬂnpmmﬂudrSpmw foabpertitaar mg,msemnpigiqddiyybemllodseﬁg I n
general, the faster th upling rate, the nore preferred onpound.
Coupl  nerelitnee destset ibeivs PhrireaenrE e Rastononbiree Dk NepePor:
particul ?9"7'1)’ Whﬁé @zf Jleﬁwcﬁeﬁ‘(‘:éﬁé |AXQAL¥§{§IAW@'FItQDAFﬁ&ﬁ%H3NParQI %ld?éref erred,
because exposure - the reaction m xture over an extended period of time

m ght hyNewXork, 1t9ﬁ’@) peqbthredbée bBiedlicrapire also ingldes efarenses provisking ewbdustive
|1 eprodugl bf G ldlenRaekh ARSI ABIENE. MalKAPRIAAS SRSk dusRuhieh  coul d

coO rrpl € NnBass Sp anot prererre ment ,

one or nakoesiag réﬁ&ﬁeﬁmdﬂﬁpil& (@ée for ekahsle,Berati HARDBOOK OF BLSdHHsyEMtH ached
to a soljd S\LPEO” rior to the | abel. being attached to %?giﬁpeptide'

Var i bus SRECE TW%’SF&HL%Z Sidigpnddsalsmie Presh ey » exanpl e, 20
NUTET OUSGF; fthd) o BBRRLBIeRs AtU W@F@RG B0 SRR §A§:aﬂ&¥1cq‘§ sinepal Iy be

derivatized to 1 hcorporate a cleavable funct | ona of cleavabl e
groups tYerk, Heix6)Bishers &df, BYDICANORS (lfmgpmsePnesscOu’ébed d|9§2|] Hadglsam(l S— S)

o veo! b0 SRl ERa e e et ey o =, (00,
are par tEugehe,rllwzppxe@hmdemmemﬂb maoes{o%gmms (ﬁwstﬁme PliMishers,
20 New York 1949) and the llke Further, there 1s extensive guidance in the hterature for o
denvatlzmg reporter and quéencher molecules for covalent attachment via readﬂy avallable :
reactive groups that can be added to a molecule.
7 ‘The diversity and utility of chemistries avallable for conj ugatmg ﬂuorophores
-t other molecules and surfaces is exemplified by the extensrve body of hterature on . _
25 preparmg nuclelc acids derivatized with ﬁuorophores See, for example Haugland (supra), _
Ullman et al., U.S. Pat. No. 3,_996,345_,__Khanna etal,US. Pat. No. 4,351,760. Thus, itis
well within the abilities of those of skill in the art to choose an energy. exchér_lge pair fora.
particular application and to conjugate the mernbers of this pair to a probe molecule, such as,
~ for example, a small moleeular b_ioac.t'_ive material, nueleiel'_acid, peptide or other pelyr_ner.
30 A | In addition to ﬂuoro'phores:that are attached directly to a_r 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
| 'anotherr moleeule (eg., streptayidin), 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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25 (M 11ligen/Biosearch, Burlington, Mass.). Representative q@?,‘ il iHo% for
the construction of these supports include, anong others, gstyrene
porous gl ass, polyvinylidinefluoride and polyacrylam-de. In particular,

pol ystyreng,$yResshs include, anmong others: (1) a (2- am
am nonet hyl pol ystﬁ’yrene (see, Laursen, J. Am Chem Soc. ggﬁ%@z@l” 11966))

(2) a polystyrene simlar to nunber (1) with an aryl am no é:;roup (see
Laur sen, pRducesa figiresshrsreon@oubby 8mver®nDf p nog-Bporgsdeniocompopnd. yWeafid (see,

pol yat yr e pesl g s bpeftnol et/ hpbied Wbt pabe MY BiRSRuAAR 200
supports et;ﬂafhlseﬂiﬁld gQﬁcbslaasaspda@ﬁrd@wJ paliadsly(jresidafac Ml&freseéntabmpmﬁﬁBS Lett.
35: 97 ( 197 and(2) N- (2- am _noet hyl) - 3- amng propyl %@?SS (see

Bri dgen, . Ocressa" 311‘595 derivgtixss) rhorléraw.aawtb erpvRRYSS. SRDSYly wpbelilg 996 ous
gl ass SU@RDrats%m)éMsE‘d BroRBe Pyl £RGicPo ABiHbRY l'aﬂmh%@gpslgﬂll QA8 Ivstems that

PCT/ USOl/ 49951 dii1 sot hi ocyanate | eads to actiVate sot hi oCyanat o gl asses
(see, Wacht be used, sde, U.SsBgent)No. 4351100 r yI am de- based supports are al so
useful, including | hex
pol ydi met hyl acryl aﬁ‘ll ’afépﬁ'éoergsceﬂtcﬂeéecfagﬁe ?'e \i Egﬁgg{ete@ orﬁﬁ‘%y FrYINE1 976) ) |
and an Ntem fogtynydnnpOtaeRer ij tkdart) éndlsdieg, f&&wadpleewem light.or ckeEtBShémickl 66
155 5 (1976)). Cge of ordi narlly skill jn the art wll readlby utili

i

appr opr i APy ki tof pxpmple, Kudmpleg! ghdr tispfelricael i i d (SePigMs ts

descnp bege@@l@%’%ﬂﬁ&@s@mt GRRRS AL Wil Mﬁ&\bh ?d fﬂBseadT gklll\%ﬁﬁtaﬁr THYE LBRAS miple
Enzynol ogy: New Supports in Sol i d-Phase Sequencing 263-277 (1974)

Pref er r'ediugl;qaqmmr( tabelanah bﬂ)@q@ftqta'@mhmsha fgirephere Wigh theeppiopaste nopheny|
gl ass fiher .10 paper, W EDC coupling (;see, Aebersqgld et al., .Anal. :
3 ocnem v bR 3B i frietingiGe Ry ile 10FR et Tl dhorRieplt e ey o
Bi ochem d&the@@@Qa]ﬁ,ﬁﬁy n(eiﬁs&ﬁ')p‘r@ﬂ%rdﬂﬂ& BBy dGise PO1yctionitl decbicoed dudpkd de
( PVDF) (Immbllon ™ M Li Bi osearch, Burljington, Mass.),  alaong with .
SequeNet chavee ramlasdeyices D @&ﬁﬁhﬂowltmhers apd faREigr REGEARCEIZY R ERATES N

CHEMy ?TRXlay\Geldeﬁg{eg:ﬂg?r&d:ﬁ%& ?gfbgnag:%&bs?rgt%s fd%‘fl?cdéﬁ}'ﬁ Eﬁ@ﬁécctlﬁgﬂ}eq[ ﬁgo’

1990) 157°In t tice resent invention,  attachnent
pol ypept rateiting redsgon polic. suppor t nay occur by ei t her coval ent or

non-coval ent inter et ween e and so t. For
non- coval ent attacﬁ'ﬁ%hi bt %%CGB%P%%%% &}é&fl&Wﬁeé’a%agPPZe L’%‘ﬂb?) I%}ét he solid
support ks&quehasgmetidghé Riter Eﬁh@pﬂ@élﬁ@@ﬂ%%ﬂﬁﬁécﬁﬁﬁ@ﬂl&lw&hﬁe &Rt éfd ‘support
by non-coval ent interactions. For examp gwass fiber solid support may .

be coat eBIARFAHC pEFeER-y byrisa efeétrgmoy%bléfewége shspragsereimiuiid Blach¢riee,
sari 28e Hrapdlotp. oo, Ml el BEHD AP REA g b 2 PO
adsor pt'i us(lseird:gnpitiades:iamectborrbaffcisant godivaidbddoly bsulfat; thexsuppisethe
ionization of proteins in the mass spectrometer. These components may be réplaced with
other more volatile components {e.g., 'morpholino-alkylsulfon'ate buffers .an'd* ephemeral'
_T‘"surfactants) that do not suppress ionization in the'MS. Tn another mbodiment; the samples
25 are diluted with ammonium bicarbonate or anunoh-iumiacetate buffer to provide a volatile -
proton source for the mass spectrometer. Wilm, M. et al., Anal. Chem., 68:1-8 (1996). In
another embodimient, a buffer exchange is conducted through by bhromatOgraphic or
mtﬁrigentia! flow dialysis as the sample is transported from the outlet of the sepai‘ation process
‘to the inlet of the MS.
30 e ’

Labeling Procedure

- In some instances, salts (e. g.; TRIS and SDS) and urea present in
electrophoresis buffers can suppress ionization of the labeled proteins and can generate small

fnass/charge ions that potentially confuse sequence analysis. Accordingly, spin dialysis
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pol ypeptides in solution may be inmmobilized on synthetic pohgﬁgﬁgs‘gg@gch as
polyvinylidine aifluoride (PVDF, Immobilon, MIIlipore Corp edf ord, -
Mass.) or PVDEF coated with a 25 cationic surf ace (Immbllon CD, Mlllpore i
Corp., BedY@9H'f¥ss. ). These supports maybe used with cFCHPIHG!

pol ybrene. Alternativel y, pol ypepti de sanpl es can be prepared for

Sequenc gl i iyl KR Pol iRaRue: dicratiiisr o 1S Aahyacr vl am de by |

~a proce ele robI ot The el-ectrobl ofting process elim nates

the i solzhlttaroattn@fy mslal'ylpgpmlumas f&g;;ﬁl@ﬂhﬁﬂPTMp@rﬁDldiEsWWpoW) reybehsediagsent i n

solution. Suitable electraobl.otti n Ion and

| mobi | C(IT@I I"IplaB%E'é %Fﬁhaﬂg%gg?sgﬁgg)samﬁ Cfm 8.=M'~; preg%en{‘l Y, Maut omat ed
met hods alam&ub@mad@mh@pe&chwbyawnﬁmammqwe; Whlm,t & abﬁtbpﬁ)rxifﬁii med on
polypeptldes i mmobi | i zed on solid supports by non- coval ent . dr ophobi ¢ :
i nt ePactisEmaliadditinp of mpthanplcgs in P REMammponumiagetals bafes( Vﬂm%r’»s%ﬂmaeﬂ) may 47

18 Apri 'w%?ﬂlﬂrlﬁxal\éé‘a %ﬁ%@@c‘éﬁ%ﬂﬂge{sld@%bé@ﬁﬁdaﬂ@&% “1?0?&?1'1 §fuckind afignat ur antss,

are pressure- onto colums containihg a So support. . The bound
pol ypeptiiesificatidneith M&él‘dS;J’rp&pﬂ:ﬂpM@@ﬂtb‘d @t theRb\beiek SemirazSerigs, li‘:ottrpo nents,

| eavi ng bound ep tide read abe wl et t - Packar d
Pr oduct %%W&“?Bﬁg%‘% TBify gl ‘() gfb‘g’ﬂl m%ﬂ@ %‘el_@orlgi?%nt No.

5, 918, 27f3scodeHpeFodfr CH9 0N (MhRA, mygypd poI ypeptide is reacted under
conditions and for a time sufficient for coupling to occur between the

~terrOnal anino aciThscoplinggtpaiyirgamnesndimay batesiedbe PRage thather y. The -
h I tion
Pond & GRPpREY £ LERLM ot AR UL BRI ERERL L fliPBie il B8 deRoct on
am no grmuzrpw&férrddltbe cqmiqupépCoutﬂmg(wascsf hetweten 2ad 16 romntds fi mﬁ; t0f7@r°C .
I t hyl
or N et i RETIEER HEEArh SmPRY e atetnD B A PRET Ao arorE SR Sned ¢ o
react Wi et lBgetibR eidtuRaRer slee)dtéhdwﬁermd%mﬂfeemght 1Bfdrdtyeé mlpapidsdnigeri n

met hanol : water (75:25'v/v). Because of the node of attachnent, excess of

r eadént leaddapnafl eﬂt@a‘éﬁfeafﬂﬂluﬁ’é!fcsﬂedﬁawﬂﬁ)\v@éiH@tl@)ﬁ?&ﬁ“%feﬁ’élﬁﬁé@loby very
pol ar Wac%gfdrl%nﬁ) éf@ﬂ\ra&. {eét&'id%c%nv&l val and sequencing of the | abel ed
y

pol ypept nmass spe arious reagents 15 are suitable as
washi ng sol vents, I mﬁthﬁdpr@errefdmnbeﬁmmt @ne nemhendlthe mhmnenmoinlprc&anof

nmet hanol and wat er, or a one. en the.l ab reactjo s conduct ed
entirel ym.xnlr%tﬂra‘ﬁf%wym “’t %@“\F[‘\g%&qﬁd}%‘c’fm@f"tﬂbg‘ paing pidac BF%M subnmi Tt ed

; gdat Eg rp:oli){?gﬁttideo IV A&N6S BoteSMG Phagbe dbcd A4sbBd suppbrid) %{dﬁ&ﬁhg 9Br exahiphirat ogr aphy,

' 20  numerous resins, membranes or papers. These supports may addltlonally be dcrlvatlzed to
mcorporate a cleavable functlonahty A number of cleavable groups that may be used for this
purpese include disulfides (-S-S-), glycol( -CH[OH]-CH[OH]-), azo (-N=N-), sulfone. |
(-SO;-), and c?ster (-COO-) linkages (see, Tae, Methods mEnzymology, 91:580 (1_983)_). o
Supports which are paz_ticular-ly preferréd include membranes such as Sequeléh ™ - -

25 (Milligen/Biosearch, Burlington, Mass.'). Re-presentativé materials for the constfu_ctién'of

| these supports include, among others, polystyrene, porous glass, polyvinylidineﬂuoride and
polyacrylamide. In particular, polystyrene supports 1nclude -among others: (1} a (2- |
aminoethyl) aminomethyl polystyrene (see, Laursen, J. Am. Chem. Soc. 88: 5344 (1966)) )
a polystyrene similar to number (1) with an aryl amino group (see, Laursen, Eur. J. Biochem.

30 20:89 (1971)); (3) amino polystyrene (see, Laursen et al., FEBS Lett. 21: 67 (1972)); and |
(4)triethylenetetrafnine polystyrene (see, Hom et al, FEBS Lett. 36:285. (1973)). Porous
glass supports include: (1) 3-aminopropyl glass (see, Wachter et al., FEBS Lett. 35: 97
(1973)); and;(2)N-(2~amipoethyl)-3-aminoproﬁyl glass (see,_B-ridgen,f__-EEBS Lett. 50: 159 -
(1975)). Reaction of these derivatized porous glass supports with p-phénylene' '

46



Sequencing a Portion of a Protein In another aspect, the preggapfidoosention
provides a nmethod for sequencing a portion of a protein in a protein

m xture, the nmethod conprising: (a) contacting the protein mxture with a
C-term nusWo ddub@sm nus | abeling 25 nobiety to coval ently mtit@plyss] abel to
the G or N-termnus-of the protein and forma | abel ed protein m xture, the

C-t N- t bel | t | | east I t
having. anTisthiananlh ds RracBiitad SRSy G sre Mashler el Ghmesao 63, i th
the pr om@crgmaﬁdeseaséd SlppoR Mre bRo ca&émr incAhgSHrbalinkep)-_Separating

i ndi vi dual eled proteins in said protein mxture; and 30 (c) anal yzing
the | abeIa@aylbﬁmtwnbd@mm;wwdémf}thﬁycralarm@(ssepédherrmm ul. CFER®LEOG4 O

Test dues 1 [R7ER MG R LRl RN e S BN L BB IS (o)

i dent 5f yi(ragép)he protein by using the sequence of at |east two C—term nus or
two N-termnus resjdues in conhination with a separation coordi nate of the

| abel ed protein 48°088oigsdinpryssbingigs gbvibwodily wehreaperopagigsheraisay the
protein ieggK ﬁhb‘ﬁoﬂyﬁ&ﬁf‘db?@thgfs?ﬁ Rﬁ&%&%ﬁ%ﬁﬁfﬁ&&%&ﬁ%@ rf%ﬁ@h ngﬁ? gl n

sequences from a"dat abase o e sequence ments are
t hose t haYachigyddtewls lmésmdiw {1296\%@\# Suppotthir SolakPest Secpfend:lhg%h%ht ion. 5

2 ot ur 076 TR REPOE AR meb Ok ghRE BF oREBCRURORR B B "

pr ot @0 ns phayser wb mn@ ﬁdxphﬁg Gee, ma:rsamleow pmasc %&heﬁhﬂ@ﬁ 5@@@9@1}) orrdl | ows
the separati protein m.xture i 0 di screte fractions. Each

fracti on8t3s %Feésf ?%lﬁ‘le?eré‘ﬂ}ﬂﬁ HntBieghexy. %’41!5?@16%67 1 989 apd sheemembeane d pr otein
f th ; ) | zed
0 e PholGnRidrethiefife (P % e)’f%ﬁ@ﬁ?o o ng}mf@%?.ﬁgﬁ’eéa?%ﬁ%‘%%%% i ze

in order to determne t quence o
enbodi meﬁltosg with SeaueNey EM ¢hemstityl{see| Bippireet al. pOURRENTIREIEARGH nmmwm i aI ly

o1 ot or bl ABO0E btk ot totent 8 BTG RetBete Rtk SHeDica RN known Co-

t hoses of or dl nary Iskhd rad:t{tebhmcfpféserﬁfﬁﬂvdﬁﬁo#tatthé}ﬁ%tthh@lﬂ)'bl ¥piiddQo the
pol ypept |(ﬁe prior to deternmining its am no.acid sequence. . Representative

exanpl esSqISHPRIE TR eccuppy athsecovpleater Hﬂg?‘?"?iﬁ@tslﬁt?r@ﬂml hefmgetheormat ogr ap hy
(RP- HPL Colyphid EAdeholi BIHoRS IFSr 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.
20  polybrene, a polymeric quatemary ammonium salt {see, Tarr et al., Anal. Biochem., .84'622
(1978)), to provide a solid support surface which will non- covalently attach the polypeptlde
Othcr suitable adsorptwe solid phases are commercially available. For example,
polypeptldes in solution may be immobilized on synthetic polymers such as polyvmyhdme
"dlﬂuonde (PVDF, Immobilon, Millipere Corp., Bedford Mass.) or PVDF coated witha
25 cationic surface (Immobllon CD, Millipore Corp., Bedford, Mass. ) Theseé supports may be
used with or without polybrene. Alternatively, polypeptide samples can be prepared for
sequencing by extraction of the polypeptide direc‘ﬂj from polyacrylamide by a proc%s’s called
- “electroblotting. The electroblotting process eliminates the isolation of polypeptide from other
‘peptides which may be present in solution. ‘Suitable electroblotting membranes include
30 - Immobilon and Immobilon CD (Millipore Corp., Bedford, Mass.).
More recently, automated methods have been developed that allow chemistries
to be performed on polypeptides immobilized on solid supports by non-covalent,

hydrophobic interaction. In this approach, the samples in aqueous buffers, which may
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chromat ography, or any of a nunber of peptide purification q@hgﬁ%ogsee,
generally the series 20 of volunes entitled METHODS | N PROTEI N SEQUENCE:
ANALYSI S) VSR Jr e preferred is the use of capillary el ect ro{ghor_esi s and
parti cul arwg, 9681t i - di nensi onal capillary el ectrophoresi BESTUNUAIE t hat
described in the commonly assigned co-pending U S. Patent Application

Serial Nontali%ahd shd'@etubdntd, 8 predsreqbdticddRAT @ik dontuidibhd 4 sdhidmapsdrenal
El ectrophoresis,” and filed on Februar?/ 25, 2000. 25 Although substantially
Yy

pure | abdedguishbpslmaptitelsdhen preppect s [ remqVE intederyig RMRonarie It dirs
descri b %@aﬁ&ﬁ%tihé re'aﬁ)cf) ?Arﬁ@oeﬁﬁ% %s![eE,l ﬁe&l@tt%&l@i}{ﬂ'?fb%u&hﬁnaﬁﬂg?ﬁg@9 [of

~pol ypept ures contalnin e sane | abel. Briefly, 1n one
enbodi MeN6SE @vova) POR) srinblom, UtS. PaeedNe.rb,9 168, 28r(Jure 29199 ne al |l of the

hypot.heti cal sequepnces wth a cal cul at ed ss equal to. th observ mass

of one of the pepﬁaggufm@wpﬁﬁwaweﬁ er ?P&ﬁﬁ'?ﬂ%m@tfo’é? ﬁ?’eﬁ‘r’%"fe’ﬁlﬁgéci ence
30 1: 1083npif2ko 649 Bhtwelh BRAcSHAMARERS add Lot thePolgpptign adll the Gbems of merit
according to how well each of themaccounts for the fragnent ions in the

t andem meRislys Jhe phypinabproppisicpebibe sepporimay be seéfctaddm oplimiae therpastion he
Sequence 0 iti%fﬁ: fégﬁgﬁécﬂﬁqalﬁ}lglg Icri%sl%trq'ﬁ F@f@ﬁlﬂggﬁdﬁm{n &ith ?r?eda!n{i}{o Frgﬁf)sec'; m,ped.

M xtures 0 rs ana taneo y are preterent y | abel ed
wi t h | gbbipeptidecocyre naddrigsidichridti@ss fonaxdapls, iothepesndeffeatormheEtent s. 49 18

April 2005 WD.02/066952 PCT/ US01/ 49951 descri.be ove, t:he methods

her dn &b ﬁévwwfaam AN R %C?F&edﬁﬁgﬁgﬁ?wgw‘?ﬁd%%%ea| thy or. -
di seaseq)blabiéGesRMRhRhe bSurAHRpEdOH Phire 8RO 6f SBN-Sthy nh#piiBinbafs are g
applied to both a m xture.of proteins froma healthy tissue sanple and a

m xt ur e mesthanpkwater (7§:25rdv). Baghuse s iy modesefeatigehming cxpese of agrgh Founling

protein res..used | [ ' ' bt ai.ned

from essb géﬁ;%ﬁglr$a§t1§§]§9£ Bgl}iru%g.c%/g%ﬁcgl?éegp QFI gé{bzogdlr%ﬁgbg? QF%EQP 0?5‘21 tissue

sanpl es raneaheld selfp@iving dthdiabeltd polppedsida by inmse specbometiyn €V aiuy papentsle Wit h

a derivatized termnal amno. acid ig(aseque{%::edh% a nmass .spectroneter.
eXample: W ol

Var ildus raiidallp at tVAding hents inchdings € p g FIXWIR§ 8ht i on.

Repr es ey a8 6Sadefmkude, triple quadrupole mass 10 spectroneters,
magneti c sector instruments (magnetic tandem nass spectroneter, JEQ.,

Peabody, Mass.); Mdrendhe abelingsrsacsion et ccoduceted sntirglyun peluiéan phase, figgpactiohem

59: 2642-.2647. 98.0) ;. el B¢ S, l.,
St ence AL Refary sy By QTR TR PR RTEAGHE acl fefloal
spect r orBloffatgrdphlyagndahe fike., Anal . Chem 60: 2299-2301 (1988), and a

Fourier Transform |lon Cyclotron Resonance Mass -Spectroneter (Extrel Corp.,
15 ﬁpttsbu-r'gh, Mass.). Wthin a preferred enbodi nent, an el ectrospray nass

spectroneter g, ,}\@&jn?q;ﬁg\{lrmq,?b,hggi,ﬁi osyst ens, Foster City, California) is
utilized to fragnent the - ' o
. In another aspect, the present i_nvention provides a methqd for sequgn(_;ir;g a
portion of a protein in a prb_te_in mixture, the method comprising: . | '7
- (2) contacting the protein mixture with _a_C-termin’_lllsfgr}\l-_ter_mim.l‘s' Iabclihg
25  moiety to qualently attach a label to the C- or N-t_ermiﬁuspf the protein and-form a—_labcle_d o
| protein mix;ﬁre, the C-terminus or N-terminus l_abeling moiety comprising at lgast one
element having an atoric number from 17 to 77, more ﬁrefcrably from 35 to 63, with the
: p;ovisc_) that.said_ element is other than sulfur; , L T
~.(b) separating individﬁa_l labeled proteins in said protein mixture; and
30 - () anal&zihg-__t_he labeled proteins frgr;i step (b) by a mass spectrometric |
~method to determine the seqﬁence of at lgaﬁt two C*terminﬁé_ or _fwo_ N-terminus residues.
In one group of embodiments, the method further comprises: | |
.(d) identifying the protein by using the sequence of at least two C-terminus or

two N-terminus residues in combination with a separation coordinate of the labeled protein

48



derivatized term nal polypeptide, and a time-of-flight deteggapvwdol better
than 50 ppm mass accuracy is used to determ ne the sequence fromthe
masses of the |abeled fragnents. One of skill in the art will appreciate

t rat the swguene®@si nformati on obtai ned 20 using the net heds/shiidke

i nvention can be conbined with other .characteristics of the protein under
analysis to even further reduce the nunber possible identities of the-

pr ot ei n. 2ehths proftgin ferminpusrleaation) obths SeHURBFR 10 Staneh RrEdIREEH PEteln RRIUERRES foMon

conbi nesah&gwsggf%%_sgi&m@d%_ot ein sequence tag with one or nore other

protein characterTstics to 1dentify the protein. Data that is useful to
suppl enent t he seqireficeddmbadimeoaisude thosbihat iase hetn desanibeé abave forgathero aci d 25

conposition tE nunber and identity of specific residues (e.g. cysteine),
cl eavage®PFHiF 8 tﬁﬁt"fvc?ﬁt?o'br oteolytic (e.g., tryptic) and or chenolytic
peptigle mass, subcellular |ocation, and separation coordinates (e.qg.,
retention time, pl, 2-D electrophoresis coordinates, etc.). Oher forms of
data characteristi argiinarticul ar protein or class of proteins that can

be conbihed wth ynf L4 : ) <dig ;! ' Lonik@gntify a
protein w.ll be 30fna pgfrggrnt Qrggcf’{lﬁlg}sntéhgeftg%lﬁ ;?}Ecl:érc]l tﬁgeﬂégwe%nt ?1%' gloé;y‘ of
'dat a chasfgotteimiss Followingdhquagging ptogedipe Gteeninturdefqooteins moubmittedpe ehensi ve,

protei ns_under anal ysis. can_.be .identifjed usj.n orter protei.n sequence
Prgs . Thirgafin BRprs wiieh Bl any A atn b entRi P pophiEn BRAE e a g one. or
nor e10 Chgik@ek EfakbSdrisC Faoh fractngé fleferhifly GRERINASY sMrched iAol ®icilselddr om a PST
of about 4 am no acids 50 18 April 2055 WO 02/ 066952 PCT/ US01/ 49951 in

| engt h, RREteE 9frthe BIOiHR PiYB®WUt 3 anino acids in | ength, nore preferably
still, abeut 2 am i i ; 1. LS US ok dentk fy 4 : -ein.
Seguenci nz al gori t'ﬂ% TB&%%S"&% er(lél%gli %ﬁﬁ%@?ﬁg%&ﬁ#}Hlldrqlrhésrc}ér{rgggﬁ%@é?{ﬁent S,

i ncl ude geheengs ef @polypeptt h&Vititin palfereddgmmiiotmmantsorf tibaibesmtion) thglabhled pr ot ei n

sequence_ta irectly fr. nNass ctra f fragmented |.ab pr ot ei ns.

The al oM RIS R “bekeolig SracoRisi et G sreuPiPeRiGaneBT b8 Fromeither
t er misnushdhogeRuBb) 2dQiréferaBlyboGl 9834 bh aleadr kithshdRediBSMahpthelidaewells at tached
to the term nus being sequenced. The start_lg(? mass spectra for use in the

al gor i t HrRowmyfo Hosq of prdinsacedll bythamyt meske Witized odwefithe palymptick PAOT Boel ed
R Ll S
spect r onititase-Hifgt Bressuenl my it @nematdgyapitg (RP-GIHLED, debelscteopharesise mass 7
G TN I N W T SN T
to i2mpr QfRolie:s BREGPREHEGSYINPROTBIR JEOBElEH mAL%%Z. 15 spectrum Protein-
fragnentation Cah Etlr%nggor;g gég“fr?edﬁé Ehr!:eurse gi(cacplilgr; Qeétroghgrglsi'ls Iax?cll l?artltigu?zlarlly, of a
multi-dirensional capillary electrophoresis, such as that described in the commonly assigned
co-pending U.AS;'Pa'tent.Application Serial No. 09/513,486, titled “Protein Separation via
Multidimensional Electrophoresis,” and filed on Febfuafy 25,'2000.” '
25 o 'Althbugh substantially pui"e labeled polypeptides are preferably utilized within
the methods described herein, it is also possible to determine the séquenccro_f polypeptide
mixturés containing the same label. Briefly, in one embediment, an afgoﬁthm is utilized in’
order to determine all of the hypothetical sequ'enées with a calculated mass equal to the
observed mass of one of the peptides in the mikture. See, Johnson et al., Protein Science
30 1%1083-1091 "(1;99-2). These sequences are then assigned ﬁ‘gureé of merit aéC_ord_ing to how
well each of them accounts for the fragment ions in the tandem mass spectrum of the peptide
utilizing such algorithms, the sequence of polypeptides within the mixture may be readily
determined. Mixtures of oli gomers analyzed simultaneously are preferentially labeled with

labels incorporating différent numbers of mass defect elements.
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tandem nmass spectroneter or by in-source fragnmentation in aqla%ﬁlcztdogspray
or MALDI ionization source. The algorithmrequires the use of both the-
mass to c sjtion of a signal and its relative abundance. |n one -
enbodi rren[\?E)fqﬁ/é’&?g ative abundance of the signal is 20 cor‘?{dﬁ&gﬁl”f’?)“t hat of

I medi at el y adj acent nmass to charge positions and used to quantify the
relative probabiliAyddséitfed abdreaihe nfetliyde hemin ¢ phdieuln®s Gsdrfel fohilegerypgsi tion
of interest, In this enbodinment, the relative probabilities that a peak is
present MPEISIiATAt Berlhnengsered tsueidnia ginoag SERP L cmpadimegis, the resthnddi nent

the si 93@& aﬁﬂlﬁﬁ?&gotﬂa%xﬁ% &@%tgﬁﬁ BBR 4 hRhPlissub e&xg,;lgia{ld b SnigufSt |y

conpared to that at the mass’to charge positions o conpeting 25 )
sequenc gsoteiisdrdnat tiseasedtifsocisangleledcqordinglyf the ploggin froxturdsassed i thiGaspeof ski | |

inthe art, that will . apprecjate that. this nmetho an be. adapted. i.n many -
ways ot o it entthiconbf BREEL Ro, ikt g Lo hsiRAs 8T BBk Eaced’ on
the rel ardgisaRundaRs Sre@elltidiaewal gnal at the mass to charge positions

correlated with each conpeting se(%_uence. The al gorithm further caonsists of

a cunul ative sequeNtkinthgnpsspt ByaHion the polypeptigp Wik a deaivaszediteiminalbundance
of the i aai , C ' oibi ned
by pr odurng RET S thel Pl £ e B R o e o e e e b o
resul t Witiimtisagseguiendntioes Repressn(dige exampiesihclude tifle quadhypole mass

ecific differences jn '

- t j.zati f t atj
o T Cpe RS Bt E] SHot matimesmadiahs BhAAR phe et e 0k,

conf ountPabedyE MR oS §AMENER specHotiaRs) Braths 838N ALe5 (Hbm. $PI6h2-047 n the:
pol ypeptide 51 18 April 2005 5 WO 02/ 066952 PCT/ USOL/ 49951 chain may be

ol i M nat@I87)ThecssRBE BIS Pyctsmmaiersedions ibe Scisae A% 6444 T Siilaterat any © L

o : s ) U i\ ; _ Y ons
s ower e it FiRplor by BER RSB R YR 8 o ol ERGI R, 298503005, PPonk for
each pog$P&f)easierfirenecTjandam IdnelyclasincResomande Mass BpaetrBjneter €Exthal Corpor  EPI |

(1) ..i=1.=1 re R s the cunul ative ranking given to an i ven
seqt}éncif ‘fts%fgﬁjggﬁﬂhéy ‘F‘EHQIPFF ?f,wda‘%i’o f_”jt’ qnseli]etcﬁggﬂr% %Wefﬁ?{ﬁa Ssigned to
the sequRNEReANIRGRT PE BiokysRRR! Posir (i8S CABmiHNYMided té FrabmentaRPar ent to
those skilled in the art that nmany net hods can be used to assign a relative
rank ( p)derigatézsdtiersiénplipplypeptidatand ayiniceef Gight detastarvith betlention s@ppmnash
conpar ! $Pudly kited Blofihifie O ARUBIRRGTR. AlsshDGr &b ABELE AlnfRN COTPELi NG
rrasstocarep03|t|on“f'|nsupa. n a : S S :

7 One of skill in the art wj_ll appreciate that the sequence information obtainegl_

20 I. us.i.rl‘g the methods of the invention can be combined with other Qhéfabteristics of the 'pro_tein
under analysis to even further reduce the number possible identities of the protein. Thus, in a
preferred embodiment, the method of the invention combines information from a protein
sequence tag with one or more other protein ‘_c_haracte‘_ristics‘ to iﬁentify the protein. Da}té_that '
is useful to supplement the sequedce datarin'clude's_, but is.nqt limited to, aInino ac?id -

25 - composition, the number and ,identity of s_pt_acific residues (e.g. cysteine), cleavagé |
'infonnation, proteolytic (e.g., tryptic) and or chemolytic peptidé mass, subcellular location,
and separation coordinates (e.g., retention time, pI, 2-D e_lectxfop.horesis cqordinates, e}‘c.).
Other forms of data characteristic of a particular protein or clés's of proteins that can be
combined with information from the PSTs of the invention to identify a protein will be

30 apparent to those of skill in the art. As.the body of data char'acteristic of a particular protein
becomes.more comprehensive, proteins under analysis can be identified using shorter protein
sequence tags. _

Thus, in a further preferred embodiment, information regarding one or njbrc

characteristics of a protein is combined with information from a PST of about 4 amino acids
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preferred enbodi nent, the relative ranking (p) of conpeti ng1%ggm%gg
possibilities at each residue length (i) may be determ ned by autoscaling
the.-possibilities. In a particular variation of this nethod, the ranking
(p) may bewaswiiogsssd based on an assuned or denonstrated mccrhﬁbi/igbt:]y

di stributi on such as the normal (Gaussian) probability distribution or the

| og 15 nor (P0|ss |I|t di stribution he rel ative
ank for TG ga%{aawge) Wve °“t5 ltﬁe&aﬁef@ﬂaﬁmpmﬁs?b*&%%eutz a0
NORNDI STlacu}s ﬁtaéngtﬂ—lsQZed'tth@ﬂttﬁy the%ﬂftcmE G,j G=11i19 20 and (191 1. 1 19i
| zc'j ] bJ ' j_1 19 4) One of skill in the art wll _

appr eci ate that the si gnal (G f) correspondl ng to any sequence |

containing i am noSeg ::&E%;ﬂ%lﬁ:? may be determ ned by any method which

relates this sig rel ative signal abundance in the mass
spectfum Col | i si OThei ppebanteidvaibioh maljie nsrat embodtmentb,enaladetlﬁpeebfa)rret er may

result in the uct.ion_of nor.e than one type of IDrrethods in a
t andem ns?@e@aﬁtaﬁ) dls fop detrrEminys tReRrpiem s0le gncgytag ety fig 8 P3P ERECB) 18

Apri |l 208Pfragmented labeled proteins. The algorithm can be used to determine a protein sequence
tag from cither terminus of the protein, providing that a unique mass tag label is attached to
the terminus being sequenced. The starting mass spectra for use in the algorithm may be

10 f)roduced by any mass spectrcmeter in which a labeled protein or peptide can be ffagmentéd
Time- of—ﬂlght mass spectra are preferred because of their improved mass accuracy over other
‘hass spectrometer detection systerns However, other less accurate ‘mass spectrometer
detection systems may be used, particularly if an internal mass standard, such as fragmented
label with no peptide attached, is used to improve the mass accuracy of the resulting mass
15 Spectfum Protein fragmentation can be conducted either by CID in the collision cell of a
tandem mass spectrometer or by in-source fragmentatlon inan electrospray or MALDI
ionization source. ' -
The algorithm reqttires 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
20  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 ccmpared among all
competing sequences. In another embodiment the signal at each mass to charge position of
interest is 'directly compared to that at the mass to charge positions of all competing
25 sequences. The latter method is des_"cribed further for clarity. One of skill in the art that will |
appreciate that this method can be adapted in many ways to provide a similar system for
ranking competing sequences based on the relative abundance of the signal at the mass to -
charge positions correlated with each competing sequence i
’ The algorlthm further consists of a cumulative sequence ranking system, in
- 30 “Which the relative abundance of the ions predicted to result from each possible sequence are
- combined by product or summation with the relative abundances of ions predicted to result
: .ﬁom'sub‘sequent residues (Equation 1). In this way sequence-specific differences 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
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WO 02/ 066952 PCT/ USQx /49951 fromthe N-termnus and x, y, apg 5rili2?)ﬁg from
the Cterminus. In addition, the |label and certain am no amé resi du

fragnment s Ya? "HP&2t han one nmass to charge position in thePSHUSEYAIRL

dependi ng on the nunber of such "soft" charges. In-a variation of the

et hod, dnb@ 84y0RadlitniRated SDitd SbBbilvy b af 8%bndoRl sdqubreeai sl gAGH htd® Lhar ge
state may be conbined to produce a” cunul ative signal associated w th any
gi ven sd@uidyrarosition propagating fervedrd éo subpequentyesidug paseiong és pwenthgi thpt kK | k=mi n
1=1 ch ' t ) 1] he (m z)
of the cadstyeshth 8 uhstatbnIDHE feloh ARl B Sheis RISl

cor r espaledinnfnedbynt s (ci k |) in the mass spectral data. ci,i,k,| =
LOOKUP[ (m /z) §j, kj (6) The mass to, charge ratio calculation for any residue
| engtsh i, sequence j, chargegstatgpk, gndygn type 1, is bejgeterm ned
fromthe stoichionetry and posél blig %argeiﬂst'at es of the amno acids and
any att agiedlR| R @leScunhlitive refaesoeh R Ritadsqiinty | fusdiducdamed had (see,
Met hods i n EnZynol ogy, Bi emann, ed. 193’ 95- 305, 351-360 and 455-479 15
(1993) ) .p; fusrtbieriwdative frankaussi giddon shacsrqudnee pmdagdt dts § pecrbatsesdselengiinci g net hod
descri bed. For exanple, in a preferred enbodi nent, the nunber of charge. .
st at es aparegrio thoypalgliediatthains thasmdny metheds eambaaged shassigntardativrrank @gnal
associ at i . gi e. .estrcl. ' L cul ar subsets
enpiri ca{?%‘: f%@ﬁegg%%gl%f%gﬁgg‘%@@ni’ E{g@%&é&gt"é cﬁ%?@e‘;%&ﬁa@éﬁé ntation

met Hod. aGukdshcagiant dgiabnt eachaconmpriegmasss chmge pbsitivh Gr sgpra). dnanti al |y

yields b ions and'd?l/fr“'i o'nt?} in the nost §b ndance and ¢ and x.ions'in the .
F.Ege]a ﬁ:ﬂgﬂ%' :

| east  ab¥FERESEFIOqd e oiF Edatt YeLaRERE (Y PbAOMBCRATARIGC PossiisRPlFAEh b, and
y ions iBgh@nkddut APnagBEAGRAGRCd b altB&SBng BR$RSibililiEs. AhAYatdciat VBYALBSR
preferentially adapted to ignore ¢ and x Tons or ¢, x, and zions. lon
abundancé thas methaggberapking (d) man bs kssigoed bared oinginessuypedgiridewonstratede st at es of
peptide 25 {r ents..in bath Cl D and in _source fr. ent.ation. , Thi s
Phenonms s R BFE b s Al BB G4l So R G AL RS | i o
"sofis"  changgPsipa) pﬁbbﬁlﬂmyﬂﬁstﬁb_ﬁﬁ(gb @uI_chlthzkehé Rdadidre @dnk for each sequence will

vary between 0 and 1. For example,

[(c;;-T:)! |
p; = NORMDIST] (—”——-’—) - )
i o _ _
i . -
where; -
191
2Cij |
| Ci=‘!"'"'—=1_19[. : 3)
20 | g | and
foi )"
9 Lj‘glci.’"
,-1:1 Mg

o= o'-1) - (4)_

‘One of _sk_ill in the art will appreciate that the signal (C; & corresponding to any
sequence j containing i amiﬁo acid residues may be determined by any method which relates
this signal back to the relative signal abundance in the mass spectrum. Collisioninduced

25  fragmentation in the mass spectrometer may result in the production of more than one type_“o_f

ion. - CID methods in a tandem mass spectrometer commonly result in.a, b, and ¢ ien types .
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contain " s\xg{)t charges that may lead to the production of |abel ed peptide -



r et ai ni ng a charge than other amnes (e.g., lysine or hi Stl allr%@ dues)
In anot her variation the nmass to charge positions associ ated hi gher
nunbers of charge states may be ignored on a sequence specific basis when

det er m ni ngve beosbseal si gnal associated with any 30 sequep€fiisoildsi8 April
2005 WO 02/ 066952 PCT/US01/49951 In a variation, nultiple [abels (both
| sot opi ¢ and naqni sotopic) can be i ncorgér ated into the algorithmusing a

dual seqdErthedN-iEmrwaand X, y; anthz iong siom B esmines Feadditigs, the &bglandt abl es,
one for Lahs e

al gori th%@llq;gnt hen aadiCV'I%SMg@Sr}né)}mg;oneagrghgo(rib‘[g’sc:h egglgﬁa‘ey iggtgté);tgﬂg%ﬁﬁ%g osf uch that
t he cou ntléaeﬁeda;@sbdn fadgaebnd at Imdrchﬂaaﬁ ione makaioathageipbsitiorlin thy @eckatre,r m ned

i ndependent fro t hose of a, OOKUPL('m
) "oy Pen bentinl Sthé RERGerl oG SR Phars R B pmiiio o helndiod, e sema o151 10
Al tBe agusafatednsitileddh aflype il ﬂb@&BleQ:h d sthte ABREbY S nfIREdd8 bidiReealr D), j - D
11 g i = NORMDI STa e2 6;. 109i E1Di =1- 19, (19" 19i | D2 V=1 YDij
| abel 2 1 fpmylaiige signal assogigfed Witl{any gigp segyence &)

max max

chargeion

states types .

Cij= X X¢jkl ‘ (5)
k=min 1=l

charge
states

. ‘where cis determined by calculating the (m/z) of the each ion type (k) and charge state (1)
and looking up the cérrGSponding counts (c; j 1) in the mass ﬁpectra] daté. .l
10 | Cijk) = LOOKUP[m/2); | ©6)
The mass to charge ratio calculation for any residue length i, sequence j,
.charge state k, and ion type , is be determined from the stoichiometry and possible charge
states of the amino acids and any attached labels in the sequence by methods previously
described (see, Methods in Enzymology, Biemann, ed. 193:295-305, 351-360 and 455-479
15 (1993)). '
A number of variations can be made to the basic sequencing method
‘described. For example, in a preferred erribodimént; the number of charge states and ion
~ types that are used for determination of the total signal associated with any given ‘scquenc.e
may be restricted to particular subsets empirically found to be most often associated with the -
20 m@mmmmmwmiGDm@MMMmma@ﬁmmmummmmamﬂmmmy
yields b ions and y ions in the most abundan'ce and ¢ and x ions in the least abundaflce. In
source fragmentation-is found fo yield only 2, b,-and y ions in significant abundance. In these
cases, the algorithm may be preferentially adapted to ignore ¢ and x ions or ¢, x, and z ions.
Ton abundance also appears to diminish for the higher possible charge states of peptide
25 . fragments in both CID and in source fragmentation. This phenoménon may also be sequence
| épeciﬁc witﬁ arginine and other irni_nbr“‘soﬁ” chargé species having a higher likelihood of
: '?étaiﬁiﬁg a charge than other amines (e.g., lysine or.histidine residues). In another variation
the mass to charge positi'(‘)-ns associatéd with higher numbers of charge states may be ignored
ona sequence specific basis when detenmmng the total sngnai associated with any

30 scquence J-
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max max charge ion states types 15 D1,j = E Edi,j,k,| (12)g abrfooisn | =1
ch arg e states By multiplying the relative probability of each sequence |
obt ai ned w ¢ | abel , we can get then obtain a conpos| nki.ng for
t he seque\rllwgghz&]ﬁ,gﬁzz fl(pigi) or E(//pigi) (9) This Wllae o '
further extended to nore than one | abel. The mass 20 spectroneter files
used in this multipleviraieh,ingtigp fibeBqboth &atdpic afderhidtobit) il t aneous
fragmentati on of .anﬁ%gtgfi n_sanple containing a known m xture of two_or nore

| abel's. MeBPORAIEE Nt EOPHT bt G2l SequEnciEoRRPERAS My s pRIgReh psfine

protein fwagRat %i&ﬁ&le%f\eééﬁlabé‘lqﬁiﬁéifaiﬁﬁ?w%lredtr&icﬁl@@a%e@ed@eﬁéiﬂé' nul tiple
| abel nass spectroneter file for analysis by this nethod. This variation

can be uslgdrithim is teanepplipbusiig eaoh rasisiue tabibali¢pendently suelythasthesopnta) .- 54 18
: ile20 . SO01/ 49951 |. th f d enbodi t f
S0t o coraned SRR R e el iR B o P R e

| abel s ofspkigwn y el ative isotopi c abundances, the algorithmnmay be adapted
to qualify or *ank the peaks of conpeting sequences by their conformance to.
the expected abundances of the i i, serjes.| For| exanple, where t
isotopically distinct 5 | abélsjéc,fazrEBbgﬁg'f%—&@zzjﬁ,k,anggp}m rel ative abuno(goce,
0, the mass to charge ratio of each sequence can be determ ned for both

| abel i sotopes, the correspondi ng count [val ues deteTm' ned fromthe nass
spectral data, and a rank odi,jpcn(}bbtbﬂﬁu%(mﬁ)mkdb tojthe expected  (8)
abunﬂfnce ((3) determned. 10 Label ed i goners *W\H e the invention is
descti bed above with reference to | abeled proteins, one _of skill in the .
art wil'l recogni zeAt i equakons dnparplatedoftahand hgndesardelinged are adaptable

to the preparation of other |abeled oli gp rsn{é, 19- | abel ed :
ol i gonucl eoti des, |abeled oligq ' Liand' £ he |ike). 15 Nucl eiy
Sﬁﬁ%ﬁsﬁﬁ%jr it &

aci ds may be sequenced by the T nven dification of the

191
- 2Dy |
f)”ixﬂ-i.— (10)
19 _ '
(1o Y
T LE!DLJ
Z Dlj——a
etz izt 10 (11)
. 1 : (1_917_1) . :
: max max
_ charge ion
' states * types :
15 | | Dij= X Zdijkl - (12)
o k=min |=I : s '
charge

states . C -
By multiplying the relative probability of each sequence j obtained with each

label, we can get then obtain a composite ranking for the sequence.

R_j,n=i£1](PiCIi) or E](Pi%) %

T_hisr variation can b_e further extended to more than one label. The massl

20  spectrometer files used'in this muItipIé labeling approach can be created by simultaneous
fragmentation ofa protein sample .éontaining a knbwn mixture of two or fnore_ iébe,lé. | _
Moreover,. ‘mass spectrometer data from s;epératé sin_g'lé label protein ﬁ'agmentationsr can be
added together to create a'virtual multiple label mass spectrometer file for'ahalysis'by this .

method. This variation can be used with any type of multiple labeling strategies (supra).
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net hods described by Butler et al., U S Patent No. 6,090, 558, M%;é)ggte et
al., US Patent No. 5,700,642; and Koster, U S. Patent Nos. 8 144 and
5,691, 141. Preferably, the nethods herein use Sanger sequencing or

pol ymer ase vednatameysgact i on primers with "mass defect” | abelger/eddfigs i n the
primer- sequence, in the elongator sequence, or in the term nator sequence.

The 20 "nmass defect” |abels are those | apels incorporating one or nore
el enments having an %%r&ﬁh%preﬁﬁwsémbp#@}ﬁn& r fsgtopte labgly, etherarabiralissfonie om 35 to

63, Wi th JbigdREQ\dr $Rthidatip 1§‘?dbgls%km RIAVE iso Ef&ecfbuﬁc!ﬂﬁ@ess e ;H'# rg ma
phosphorus. Preferably, e| ther the prinmer or termnus 1s |abefed to gontrol
t he nunmbde adiptetie qualalyr dak dlot peaked nmstmmquqmcalu)efdiexrnomfomhmcnmthei c acid

ol i goners._so duce fernat.i ivel of ucl ic aci d

may be | SpBra GRS QU RtaBl I Folapeiclindr R Bie Ry MR Sonent ed
by the niteechrd esplohaesk oW xafiveibindantd) B! the nfisOto chdBel rati®6phch SCi . (USA)
74:560-564 (1977) to yield a series of |abeled fragnments. O igosaccharides

maybe s eéﬂ@ﬁ@é%lcatﬁ>betdﬁ@ﬁﬁlﬁ9fbf?€ beth lebel saghenBgicpirewondng epuntivaliesret hods

descri be r et
al., 30 efhnfi20 B tﬁlof“%,?ﬁ"&“?‘}"ég%r arait r|p§°bggn‘99 G aPh TR

react i ve abutdantdf) deetudhaly sugar end are used More preferably,. such

| abel s woul d i nclude pyridylam no functionalities wherein the pyridinyl
‘ring is substituted with fromone to three Br and/or |. Labeling nay be
condygt ed pri or g&e&,gltg ;,,\é,es enzymatic hydrolysisof the oligosaccharide or
post enzynmatic 18 April 2005 WO 02/ 066952 PCT/ USA /19951 hydrol ysis. _
Preferably, an oI i @\Bskch;dﬂlaverﬂen issddsarhel ebdoweiwith mictrenms $o thbEled piottiahehe bef or e

enzymatlc sis.gand a differe after enz rratlc
vt oy s e R el Ao e (e Mgl ABR Rb Btk ol e e i B H e s
Tags for phipatdibABLeHS 1A’éwd>tﬁagamml(bg 1dhelell BN gIMuLIentides, Idpsied i bed above with
reference_to oligoners, one_ of inthe art will recognize that the

| abel s aﬁHg’i’?ﬁﬁaﬂﬁ"g‘ #hsktholiselused are adaptable to the preparation of
uni qye mass "tags Nfl%w%la%o?%gg%‘@bo‘fe?t the 1&@@&10%?&*3&@%39?%9&6:}6& the

chem stry libraries, tags f tal ne erent sanpl es,
and the metlgds dmchedrlatlhmwseﬂal MSdWthosﬁ L0R0, 358 nhwfiateasial.y BiS Pateot No.

and” Funcor SR ARy Kster B oftent enc 4oBE a0 SERL LY BRRIHR ety ovi s

a et hod hé@in ederSdfder sQueiinth drpdinh @ fke@Rah Y&cBorOprimbrs Qi en®s dbRve Mbek ™
plurality_ of resi dues the nethod conprising: 15 (a) contacting the

ol i gorrer eifpertin feppmer samerce. in Aot lPRARiar SeRJEARS, ergin the terminator sequence. The
20  “mass defect” labels are those labels incorporating one or more elements having an atomic

number from 17 to 77, more preferably from 35 to 63, with the proviso that said elements are
other than sulfur or phosphorus. Preferably, either the primér or terminus is labeled to
control the number of the “mass defect” elements incorporated into the nucleic acid
oligomers so produced. Alterniatively, the 3’ or 5’ ends of a nucleic acid may be-labeled with

25  a*“mass defect” label and the nucleic acid fragmented by the method described by Maxam
and Gilbert, Proc. Natl. Acad. Sci. ( USA) 74:560-564 (1977} to yicld a series of labeled
fragments. ' _

| Ohgosacchandes may be sequenced by the invention through modification of
the methods described by Parekh et al., U.S. Patent No. 5,667,984 and Rademacher et al.,

30 ‘U.S. Patent No. 5,100,778. Preferably, “mass defect” labels reactive with the reducing sugar
end are used. More preferably, such labels w;)uld include pyridylamino functionalities
wherein the pyridinyl ring is substituted with from one to three Brand/or I. Labeling may be

conducted prior to selective enzymatic hydrolysis-of the oligosaccharide or post enzymatic
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differentially |abel exposed residues and unexposed residueg g{aq] ﬁogduce a
differentially |abeled oligonmer, wherein the mass defect | age I'ng reagent
conprises at |east one element having an atom c nunber of from17 to. 77
that is ot Wo2Q48% sul fur or phosphorus; (b) anatyzing t-hePCH¥FHBALI.al |y
~label ed oligonmer by a nmass spectronetric 20 nethod to determ ne sequences

of the o]igomer that are exposed in the three-dinensional  structure and
s equenceié)’ cg?lyi“ﬁ eP rﬁﬁfag!fghéi‘ ofigagacchyagdg ﬁgitba ‘ﬁ‘ﬂ?‘ A magidalegt e}élbﬁi‘ibﬁ@r‘ij%i onal
- SUT UCT Ur Goyftidhyldbotydiat®s BedFnfBAY& defetl akbdlhled cRAMRR Gy Aysishh S aspect

fo the invéntion can be applied to essentially any oligofer (e.g.,
pr ot ei nsdifigreotial¢ theaeige] teohingbrsdedihgsigdes) for 25 with some indication of
t hree-di nensi onal structure. and/or function of exposed residues is
sought. The nethod finds particular use in the analysis of proteins. Also,

as alfove, the MassTaglifecSinhdlanbomngidngent with typically contain at |east
one el enent having_an atom c nunmber of from 17 tgo 77, but exl usive of
sul fur or phosphortidile thegventignsis dssesibed abqvsvath weisgencero ghgemsth oge pict ur e

i nf or mat i@ e S8R RogdiREhIBES 186k 3R la%glitllgaﬁ@ﬂhbﬂgugcﬁaag@gﬁap%\%@ttﬁH‘nﬁlgi na

phosphorus atomas this el ement I's not present in proteins ]
except i oprepaiticnod prige miaspiiassp forothetseniples 6.2 tagy for Rombearatdrialchemharymas s

defect . 2] ea t..conpri an,.el enent__havi ng.,an., a 1c N er of
o 55 AR A GEARERLEOMRGLEE TR B RREDAEY biPudic] S gl
sul fur . dABwlile Apiulthned09 MmN DHIREHRHaRsIAOF/sEIRRAl/ 4D Fek blyinAe EpairOe: f

particularly preferred enbodi nents, the oligoner is a protein and the
| abel i ng reagent conpri-ses either a bromne or an‘iodine atom Mre

preferably, tﬂg‘moﬁpk}m&u;‘e PlindeSondiljA€ 9as which is capabl e of
e, expose

| abel i ng, for exa e tyrosine Tresidues in a folded protein. 5 1In ;
ot her preferred etbpdianethtsaspedicthapsserspeentionptovides mendibat]l orphepeed uses
ESI - TOF M5. ner preferred. enbodi nents and conditions for carrying out
Chi s as pRGHGHOR Ry i nay e SRR SCreabve Rear e Bl G
sequenci ng of ol i ggn@msactig @R WIedIner ANt a rRds0iefcbiSlabdlhgReideher ar. 10

Met hods for Conparing the Rel ative Abundances of Anal ytes I n yet another

aspect , -diHerepadly dabel exppaed regidugsrandivaexposediceiaer andpredinsardifigeatidlyrel at i ve
e L et e h E
having an atomic number of from 17 to 77 that is other than sulfur or phosphorus; o
| (b) -analyiing the differentially labeled oligomer by a mass spectrometric -
20  method to determine sequences of the oligomer that are exposed in the three-dimensional
structure and sequences of the oligomer that are unexposed in-the three-dimensional
structure. _
Aé with the methods above, relating to sequencing, this aspect fo the invention
can be applied to essentially any oligomer {e.g., poteins, nucleic acids, oligosacch-arid‘cs)_ fdr
25  with some indication of three-dimensional structure and/or function of exposed residues is - |
'sought. The method finds particular use in the analysis of proteins..
Also, as above, the mass defect labeling reagent with typically contain at least
one element having an atomic number of from 17.to 77, but exlusive of sulfur or phosphorus.
- For those applications in which protein structure information is desired, the mass defect
30  labeling reagent can contain a phosphorus atom as this element is not present in proteins
(with the exception, of course, of phosphorylated proteins). Preferably, the mass defect -
- labeling reagent comprises an element having an atomic number of from 35 to 63, more

preferably 391058, exclusive of phosphorus orsulfur.-
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15 covalently attach a label to the analytes and form | abel qg#?%é es, the
| abel i ng noi ety having one element with an atom c nunber fro 0 77,
with.the proviso that the elenment is other than sul fur or phosphorus; (b)
cont acti ng wihey@hedhyt es of subsequent sanples with |abelin ﬂPéfﬁthﬂs? to
covalently attach labels to the analytes in each sanple, erein the

| abel i ng noieties used for 20 each subsequent sanple contain an additional
el enent with an at diioae gighpef parfigdarlylrefesred pmbpilingentsh thepligamneras & paitein he

el enment s - t ;. OL.Dh aale) moxing the aljquots of
abel od andit EBfing et hpilse benB PRBRRALT an o Pt Motk PiPab e

spect r onelabdlmgfreaggmenb@iinngasmvetidhod cibitadfdatrdling, fohexangllgtipoeediivndances of
one or nore of .th nal yt es between the 25 sanples. Preferred | abeling

noi eti es ??'guetsﬂ‘?)gg“l fed throughout the specification, nore preferably

those faving el emen, gty ﬁr@feﬁﬁe@ Rn®oMHERRT fhe Hash 50wy e&@ n@%lod%mﬂh},yeﬁpr €

preferably from 39 to 58. The sanples can be essentially any biol"ogi cal
sanpl e frusas BP-RQF MY.i ssue, plants or plant extracts, bacterial sanples:;
viral sanples, and | 2t h or Label.ing Conponents. of

Cherm cal i br ary AT SibFhaRtind Ripah RO rdimPEBEER eShecPbess oo

f or conbiinedntivh ate as dberbedibdve firdstictisig alhs@uenyhBsfoligsickhon keheba, dnde
creation of a mass defect tag concurrently 57 18 April 2005 WD 02/ 066952
PCT/ USOL/Pi9'68%: iPERICRE synt hesis of a combinatorial library. A typical

synt hgsi s=invol ves building the conbinatorial library tethered to a bead
or well surface by sequencially adding different conbinations or chem cals
to wells. As ddebedsfeddCoppBriegtheRelativeldbundendePofdnabies| . Acad.  Sci (USA),
89:; 5381-5383 (11992 nd sugar et-al..(U S -Patent No 056, 926, issued
Shey 2, 2000) 10 e Are B SR ER bt shEnraRr o ReReLFIEO P RS ¢ ag
speci fi ¢ thoreldtige aburdatiore Bf arsity@@Siroth heheMineal sabPIROSIprRthegof the specific
chem cal during t.hf synthesis of the chemcal I|ibrary. Such tags may be
created by the ser(dl contsiing Bis apalyigs pf & fiesh sarprlg vrithaitlyp lsbeling Tagiely ta 1 oot

tag. 1BuUChodaléRBlatadPa Mbb tﬂéean%%f@'siaﬁﬁﬂcéhrﬁl%a@d andhd) k&ha&ﬁﬁ%gﬁ%ﬂm& ive

group could bé added to the rodt to create a secondary. am ere the
nmass of toneeleagnt Wik agatomie monbeo floth etodawithdhe proviep theshntletdeat isdwrr cal
rﬁti ty or processing step.to which the chemcal entity

speci {1 ¢ i el

fromthe rary v e?ﬁ"&ed. In a subsequent step a second reactive group
woul d be added t o tB)ecomeding teyndicnof Qbsédirnf Raipldsagit BbGng Mdetst@rti-ary

am ne. This nmass of this second group woul d represent a second chemi cal
pr 0Cessi ﬁavagsfrglg agfach @bels to the analytes in gach sample, wherein the labeling moieties used for
20  each subsequent sample contain an additional element with an atomic number from. 17 to 77,
with the’ pfdi;iso that the elements are other than sulfur or phosphorus; -
. | {(c) mixing the aliguots of labeled analytes; and
(d) analyzing the labeled analytes using a mass S§ec&ometﬁc fragmentation
method to determine the relative abundances of one or more of the analytes between the
25 samples. S
Preferred labeling moieties are those deséribed throughout th'e-speciﬁcatiOn,
more preferably those having elements with atomic ﬁﬁmbcrs’ of from 35 to 63, still more
“preferably from 39 to 58. The samples can be essentially arly bidlogicai'_s'émple from animal
tissue, plants or plant extracts, bacterial samples; viral samples, and the like. -

30 -
Methods for Labeling Components.of a Chemical Library

Another application of the mass defect labels is as tags for combinatorial

chemical libraries. An exemplary use would be the creation of a mass defect tag concurrently
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change in identity of the specific chenmical in the conbinat %\Ag iéi'ograry. A
sim | ar approach, 15 that allows nore root tag conbi nations e the
serial addition of various nononer units to an oligoneric root tag e.g.,

Merrifiel dVBEFIIHE synthesis). However, this approach is PFHUSEHBH the

nunber of possible tag conbinations such that the additive masses of

subsequegih HRAGhIMYSEs &F LePnRbEL] #BRrHOR @pieaeyﬁtﬁéhwﬁmvés%mmgnﬁé tag is
~anal yzed by maSs spectronmetry. The present invention avoids this problem by

20 addi nepraliviteriad fiktacntegherefefoadead prewelhsus face by h@;ugmmuyrngldrmffcmgt at each
. step. An & d{\%%locr)lngr chefié lPs t§ V{e?lgl é%(a SC; ¥lbéC{| IﬁéBrgnylg gg’r%e ﬁaﬂ lA téé to

di sti ngw S crea en Specl I C C

cofbi nat $uii(8KA4), shsawsjsmppmamﬂa&%aﬁﬁm dral. qeSriParht Wé.9%50 56,926, ishu&:drrass of
ent, t be present during an activity screen or assay

any at her cq
of "t Re swxﬁff@%bﬁ@ﬁ@ amowlziﬁqucwr n'arsynt B YNASHRALSPIETEde ¢ n the tag
al | ows tigihad steBs &ech@mmewp&ﬁldnqﬁme ;pea@clcﬁeﬁCMﬁng BRCHHIEROhs @kt her

the chem cal or |brary of chemcals and any matrix contam nants
ori gi nat¢hemidal bhliat.‘/h Sush tagsmiaygeasenta byl the sérehadditiorhef diffovet readiive grawent

i nventio row thod for ng rmass _def ect bels to i d| cate the
oyt het 1ehERRARES SRR P A OhiaiEh SufRE SRl Rt Sk ohSaVeChf e
during tdaﬁld:mufﬂed tmfthswtﬁ leskste a3€cohdarp afiine mhafe thé Messpyfeleihctive\vedip on
provi.des a r taggi the elenments _of chemcal l|ibraries, either

t hod f
dur IIIQg Syyeil Hgg icgangf. E’cfﬁe@ﬁﬁlﬂggi e chgmsal PrFgc chemicaigentity prrﬁ‘ogesgtgglstepé% with a
- I abel i ngyheh ﬁ{eych&ﬁlcﬁ Fﬁﬁﬁ%h@ﬁﬂlﬁﬁ;\vﬁ BBk th?a sﬁﬂggqtfeﬁpéteﬁ 2gcong forma

| abel ed tag, said- nol et avi ng one el enment an atom c nunber
from17 Ite@ctﬁb@grwpt\wutlmbe pddwd |tcstisxet5hcamdamladmed anthatoat Qbotb Iqeaatetmlamaswl fur or

phosphor.u 5 2005 WD 02/ 066952 PCT/ USO 995 tionally,
ont aot 1A TBEMaRY THASTAT R AP YL FPFes et B LS e QAL B SRE P AEt ach
addi t i ondlangciBedentitytoftthe sgeeiiic chaflicalid theddmsndtoridliliplayy.| AbahRs dppacisai d
| abel i ng noi ety havi ngt one element with an atom c_nunber from1l7 to 77,

wi t H3t hd HraéWworwa aggpmbaatipisa tvopld bgttheseriahadditian of yarigys merMior us; and
5 (€) angliugd 5&%@6&;}5@9&&&%&2@ r&f! @%ﬁlspefs{i&&ﬁaﬁ{éﬁq.' c methods to det er i ne
e an a

both its mass an ment's w t om ¢ nunber. from 17 to
77, such that the Hcrwafsrsr ahuslapmamms biited byrtretsinibdect joksible téhentiinaticaal

D o0kl oS PEuSBREh RS Bl g G DERB B RRE "
(e.g., nBmsagal 1yzedl B RS dpedfrémasy. dReGreRadinkaltiofabaids thidpepRarsys of the
: zngt : ?ﬁ%dg%ga\ég@p@qqgﬁarsr?hgtreetﬂlcfmenrtget% Ql?edgsrog?lgg r?)gtv tlag gts eaglfl stEeg eAE)lra?itslglrcl);[lal
problem solved by this invention is the ability to distinguish the tag created to identify the
specific chemical in a combinatorial library fror_n the mass of the chemical itself or the mass
of any other component that may be present duriﬁg an acﬁvity screen o1 assey of the specific
" chemical from the Ilbrary Use of mass defects in the tag allows the tag to be umquely
25 1dentifted in a mass spectrum of either the chemlcal or library of chemicals and any: mattlx
" contaminants originating from the screening assay.
' In view of the above, the present invention provides methods for using mass__'
~defect labels to indicate the synthetic sequence to which a chemical library member has been
exposed during the course of synthesis. |
30 In partlcular, the present invention provides a method for taggmg the elements
of chemical libraries, either during synthesis or screening, comprising;
(a) coentacting a root tag with a labeling motety to covalently attach a label to |
the root tag and form a _labeled tag, said labeling moiety having one element with an atomic

number from 17 to 77, with the proviso that said element is other than sulfur or phosphorus; -
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illustrated by the exanples which follow These exanples aréaﬁkge%@g to
illustrate, but not to . 15 limt the clainmed invention.

Exanple 1 In this exarrpl e, a high mannose-type oligosaccharide (Figure 7)
i s' | abel edvane/mesfuenced. The ol i gosaccharide is | abel ed wpgirAGo{BbE0dsS
simlar to those described in Parekh et at., U S Patent No. 5,667, 984.

Briefly, a nmass def | ab -am no do pyridine (Label 1)) is :
coval ently attachef t‘EP"tOﬁ%ﬁyr’ éﬁﬂﬁﬁnﬁé af%‘?‘,’?{“%@édlﬁlfm@[fﬂfé?e&}lg gosdéetfari de in 25

the presepeefly Hadi ATEMINGRN BHdobiGe &w@ﬁﬁ%ultliﬁkﬂi&dé&q gCQQifdat es a

singl e mass defect el enent |od| nez'| |nto t he parent gosacthari de. The
addi t i on l@rlingmoiphishavirg enete erreeln@wﬁ an auorrmwmlm ﬁrbmbb'fl ted’?owltg teguotisy i de

e’ mass T gaf FotoRle DAL RAF i BELUBRERR: B9 gosacchar i do i s then al i quot 6

o'l gosaccharide is then aliquoted

to reéction tubes &) zm@lytzﬁngmleﬂgbeﬂled‘tﬁgbeﬂiass&eealm&reﬁsceﬁlemwﬁo&l&ﬁ&nel 1 and
1.2) in gg&doprl ate, reaction brffers The reactions are allowed to proceed
to conpl ? TH#d 2phibe pamhr of semeaiictithom anrogaemberiem 14 dnf hgaelethagihet he

new y f ormeaddaidinticPor Q8HeOlackiiRs ftlleacfl}x@?ﬁlbtalsprgyesge% R i §ldcidae mass

defect | abels shown for each enzyne (see T %gwhagal n’rn the presence
of sodi ufhsmical®f fsrlitirary basbarwegRsob s85ke i twsﬁtm@aﬁwabﬁancblmhhﬂwdrl de.
Each of Labels 2 a f e nber el enent s,
al l owi ng the di ges?pef%a‘%%%“feé& CON Js]e:f‘?“%l'em I pL R G by
f r agh@nt agfectslo€theanvegtiahbook.i gosaccharl de. Table 1.1 5 digosaccharase
Enzymes Enzyne #Speci esEnzyne | Aspergillus saitoi a- mannosi dase 1 2Jack
beana - mannosi dase 3Achatina saitoia -mannosi dase 11 4Jack -
bean- hexosam ni dase 5Prevotella s p.-hexosam ni:dase 6Achati na
ul i ca- mannosi dase 7Strept ococcus pneunonaeN-acetyl -hexosam ni dase

The materials, methods and devices of the present invention are further

ilfustrated by the examples which follow. These examples are offered to 1llustrate, but not to

15  limit the claimed invention.

EXAMPLES

. Example ]
-20-

In this example, a high mannose-type oligosaccharide (Figure 7) is labeled and
sequenced. The'oligos_accharlde is labeled using methads similar to those described in
Parekh et al., U.S. Patent No. 5, 667 ,984. Briefly, a mass defect label (2-amino-6 ‘iodo-

E pynd:ne (Label 1)} is covalently attached to the reducing terminus of the ohgosaccharxde m

25 the presence of sodium cyanoborohydnde (NaBH3CN) ThlS mcorporates a smgle mass

defect element (iodine) into the parent ollgosacchande The addmon of the mass defect
element allows the labeled ol1gosacchande fragments to be dlstmgmshed from unlabeled
fragments and matrix tons in the mass spectrum _ |
. The Label 1-conjugated ohgosacchande 1s then ahquoted to reaction tubes
30 contammg different saccharases (see Tables 1.1 and 1 :2) in appropriate reaction buffers. The
reactions are allowed to proceed to completlon and the resultant reaction products are _
conjugated at the newly formed reducing ends of the fragments by reactlon with the mass

_ defect labels shown for each enzyme (see Table 1.2), again in the presence of sodium
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1

8Hel i x pomatl a- mannosi dase Table 1. 2 Reaction and Label %gﬁb
1 € a 2

Enzyme* Acti onMass Defect Label Used NoneNonelabel H2N \

mannoses aé/(@}xmége H2N Label ,2 3C eaves 1 a 3, 6 mannoses t o any siteN
H2N Label eaves 1 a 3 mannoses when linked to a br anch"e‘ﬁ”gﬂ’d’dﬂ’ *Enzynme
nunber corresponds to the description in Table 1.1 An aliquot of the Label
3- conj ugacvmdabmehyﬂrid@n Batixefilrabelsi2. aad 3 cdnigasdi€iirent mhmb&m pymassiddfedts further

eact| on SRS A CU AR AT SETsaisatios S hmEd fhin PeduTBhaIpENeaaed. 60

18 April ﬁgﬁgla{@o%é}%ﬁ%z PCT/ USOl/ 49951 Ali quots from all these reactions
are then mxed, acidified by the addition of a 50%v/v mxture of 2%
acetic acid in nmethanol and subject ed to mass spectral analysis. Because
of thS | ow stablllty of the ac& aI c elghte in acid solutions nass

Spect al an Ff' S—-S-~ f\nrlllnf o |||||..,\,|| lﬁﬁzm‘?%r actdl fi r-:af | on-

Al ternati velly, FY@e# ef ent | abel &.Pé’F'ie%s thgf"@“i‘%corporat es a hdrd char ge

(e.g., an N\ aI KyTy- T 0dO} Ryjel- i Ui, Seri €S) {may be Subj ected TO MASS
spectral andlysis.with u%ﬁeéggldlflratlnn Wemapaesidaseh nass spedtrumi s

deconvol ved [to renove| glkpehem cal noise t@%a%gﬁa&ot contain|a nass
def ect | abeljedpeak by the netthods—of—thijs TniventTomm.—Theresul{ti ng

deconvol ved [mass 3def ect Adgded sqiteii s t hen ctltuemmmmmdewllllv searched by the
ossd bl e oli gosclcchar'i de 10

" met hods of tlhis i,nventj on redicting alll
at—eétﬂ—d—bleﬁlﬂckgé"{aﬂgm' t0 ““9“ i ﬁexm Pabel—used| The search -

sequences tH attacneta—to—eatn—ifass UUIW _
al gorithm cgl cul &t es thPrevmalfa §ror every br@qnékogﬁﬂﬂnidaaél on of hexose (Hex)

and N-acetyliam nghexose 4\c§hHexNAug,) Each Heéx nononey unit adds a
nMonoi sot opi G—AasS-unit 58565 amy. f B-IABG 28t of - the egtimated

~fragnent mags. Each HesNAf-bRS BRE.MoRLE tmc@ylrmﬂaao%ﬁhﬁmafge mags of

220. 082114 amu to the |esti mated
8 Helix pomatia [3 -mannosidase

Table 1.2
Reaction and Label-Combinations

Enzyme* Action ' Mass Defect Label Used
|

None None )
R o — Label 1

1 Cleaves 1 a 2 mannoses at any site

Label 2

3 Cleaves 1 a 3, 6 mannoses to any site
S o : Label 3 -
Cleaves 1 o 3 mannoses when linked to

| abranched sugar
*Enzyme number corresponds to the description in Table 1.1

10 |
An aliquot of the Label 3-conjugated reaction mixture (i.e., digested with -
Enzyme #3) is further digested with Enzyme 1. The reducing sugar termini generated by this

reaction are subsequently conjugated to Label 2 as previously described.
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15 fragnent nmass. There is a net loss of (n-1) ti rresl7.002748§§].u£®u5 each
sugar (n) contained in the fragnent. The oligosaccharide conp6sition of

t he .peaks matching the search criteria for Labels 1, 2, and 3 are shown in
Fi gures 8Aw@Besd 8C, respectively. The nunber of hexoyex/@0049951

N- acet yl am nohexoses corresponding to these peaks are shown in Table 13. 20

“PeakConposi ti on HexNACHex. A21 B25 C29. D1 El1 F2 .G3. Tahl . 3, Nujber d Type
of Hexoses Corres p%ﬁﬂi‘f’ﬁg’%él gf’ﬁd’?@“fnf #e illﬁfl n?iﬁ?)d’ @'518152’3%%’ t%’%ﬁ%ﬁ’é‘s"%adder
formed frsom, vRemixiae 6B, Scdie 'lbidgﬁlhﬁihah_@l alnala@ij ected @%&@E&ctrﬁl%ﬁly‘si@.e

out ernost_sugars_ are be hexoses. The highest nass fragnent conjugated to

Label 1 2Becayedshrinnstability pithpagets conpeaioinasihwnitions mass speetead analysis ke f our
nexose Maghaflitd A0ESDEhASERiAAR0 | AREmbARE) o lirffl 1R1 Sl fgprent and

t he parent I ndicates presence o our a-nannoses si nce enzyne 1

and erfzymec@pomntey abheiaherge (apnands-etkyl-Bidogaridmakn Eeries) mhy bé dubj@tedpo mas?005

WO 02/ 066952 PCT/ USQOl / 499i 1.anly | ghel 2 conjugate match in Figure 8B, four

of the ouPBRFSPETGHHOY poifFbn, dRRes e Pt ideopdr o d 6°) { nked

- mannoses rafpvé REERntied] nbiSe et dods B6ttBhtatn AmdssRAIOBBSed JHR bIaKs mbihaghent in

the Label 1 nmass IaddermﬁfPeak A) dlffersdﬁ%ytan additional "4 hexoses from
e

t he pr evitBisanyensignreRie resifing depytvolvsd masp spEchuBgpiica alfiogdumiediyi t h 5
enzyne 3. _ | - 3- | L FI e, 8C) are E .
(a1 Pexshiie8y e R O Hhch GPRItREth ERITRL Susdutlibdos™ U0,y
Si ncdOpeskgudnceattai@Gotidbabitéchedxasiemassadefdcembt] ek of these fragnents nust
contain a 1.a 2 linked nnose. Since enzyne .3 only cleaves, 1. a and | a
6 |inkages, thereforé* W@W@Palﬁ%‘aﬁﬁm%ﬁ?f fqrmergéwgpgmggagon dior I a
6 1inked H¥RERASRE) dnld N-B&ty3Arhid6hdtbee GRANATYS EalPABORB8o S InitRds At erior to
the 4 1 10 a 2 |inked mannoses. Fromthis information the follow ng parti al
sequence TRIPIgoNIempssagit of 179.055565 amu to the weight of the estimated fragment mass.

Each HexNAC monomer unit adds a _monoisotopic mass of 220.0821 14_amu.to the egtimatcd

15  fragment mass. There is a net loss of (n-1) times17.00274 amu for each sugar (h) contained
in the fragment. The oligosaccharide composition of the peaks matching the search criteria
for Labels 1, 2, and 3 are shown in Figures 8A, 8B, and 8C, respectively. The number of

hexoses and N-acetylaminohexoses corresponding to these peaks are showriin Table 1.3,

Table 1.3
20 ' Number and Type of Hexoses

Corresponding the Figure 1 (A, B, and C) Peaks
Peak : Composition

_ HexNAC _ Hex

A 2 1

B 2 5 -

C 2 9

D 1

E 1

F .2 )

G 3

The mass ladder formed from the fragments conjugated .tc.:) Label 1 inaicafc'
that the outermost sugars are be hexoses. The highest mass fragment conjugated to Labei 1
25 cbrréspo,nds to fhe parent oligosaccharide. As a result, the four hexose mass difference .'
between the first Label 1-conjugated fragmerit and the parent indicates the presence of féﬁr

a-mannoses since both enzyme 1 and enzyme 3 only cleave a-mannoses. Since peak D is the
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{Man4-1 a 2}-{Hex2, Mang-1 a 3, 6}-{HexNAC2, Hexl}-r where qsh‘%gii@ges t he
reduci ng end of the oligosaccharide. This process is repeated t .

di fferent _fromTable 1.1 until the conplete sequence is _

determ ned&aég/ﬂ&z??arrpl e, digestion with enzyne 3 foll owed Pw%sfgwé'ﬁ‘zyrre 8
allows the determ nation that the initial sequence is: -Man-1 (4-{HNAC2}-r
The full cagguteng eorfhgadRatch thEighe 88)dowfof treoutdringesagaidrontitheiredudriger n ned
by reaction with enzglme 3 followed by enzynme 7. 20 Exanple 2 In this

exanpl e TS myef ek o Rdipkpd menapsegarddhere igan bejemintemela ¢ dinamosesse fatty
acid conposition i Fe1 e " pi LN T S
exanple utilizes ag%o@%@@?%ﬁ%?ﬁah%‘a %%%Fl: @gﬁfé%?ﬁgﬁ%ﬂ;ﬂ’? %ddtnhoémfart

wi || appHéeiateifrdhalie privdoes fiminikodsThis niist corepondttd asamplelligdsted widt | ve

separ ati on nethqgds, ot,..and |ipase:sel ections n be applied to any of
the sapoffPHIgbt-e _eioafﬁgata@nag@wgocowge@ﬁ_ aens (Dgure %5@@&?3? é%wsivm h,
NY, 1975kheméht), IRk ¢ h,%%és%éﬁ%km'e&g RAEBAL 8TieXbsR f?afgﬁx%ﬁB??Sﬁx{c,%‘i)E%'F £a @ivedes col
K-12 cell pellet using thé nmethod of Hanson and Phillips (see, MANUAL OF
METHODS BORSGEMHEAL 01800 (BACT BEREIOLOSYuspcddzt) a Noe? linl8alonavose. obined enzyme
Washi ngt gn, . 1981). Ether was reppved fromthe extract by ev ration
and the BiOBlYEFY%F% %?)3\@&5 1r°é§é}\é\€"’&%éggf’ re, theke mgstpe at least two se aratel b 3

met hanol ,6hh.0f @9k Rkd AbilicSesBhlk s%ﬁw@@an&xéée%s%{m&g@b@ﬂu&io}%& Uyl at ed

hydroxytoluene to inhibit oxidation). Half the volume was spotted in each
of tu® | arkkinked nanswses. Fadmshisiiefaridtidndhd Sllbpiig pa2QflseyManO2¢Maezrived:

PCT/ US01/ 49951 plate (Altech, Deerfield, IL) and allowed to dry. The lipids.
were :separated usiM@dakeldentiexeyMapmdesb i beleNAGL el hd Huest i s,
AMPHI PATHI C | NTERACTI ONS W TH ERYTHROCYTE AND PLATELETS, DOCTORAL

DI SSERTATI ON ( St an‘vlbﬁirarwﬂf%ﬁmetf§,u°§tgawdcﬂ§&e Bgosaseptrident  Cheni stry,

1992). This procesﬁl@&{a@ésélfiseépéa% WP G RrDY el AfEs W Poble Pi&kiRAR WaS
renoved 5 and exposed to i1odihe vapor to determ ne the relative positions

of each edmplpie sequened it determioeds . For Eiyample] digestinn vithenmame § deligread iy om t he
regi i | oped | ane ¢o S ing to.the phosphatidylcholine
P PR g R R B ARGy B TRERCS

spot "and he“Bilica pell et was
resuspended in 100_Manoi1-prhosgmph%§j.$_e reaction buffer (100 pl) as
descri bed by Cottrell, METH ENZYMOLOGY, 71:698 (1981) and vortexed 10

vi gorousl y: -An alTlguoll séende)ofolie tetiacisg endoaf thaisligrzacaharideis deerminedlby 0 a
second mi cr.of u‘(% t ube,, The fd' rst ali c}uot was treated by the addition of .
110 of pifBIMOTeEmas felioywddy; zyme 7. | . |

20 ' Example2

In this example a mass defect label is used for the 'idéntiﬁc_ation' of the fatty
acid composition and arrangement in lirpid‘s,‘or “Iipi.d;sequencing.‘” _This examplé utilizes
phosphatyidylcholine; however, one of skill in the art will appreciate that these methods in

.25 .. combination with alternative separation methods, spot, and lipase rs'elections can be applied fo
any of the saponifiable lipids as defined by Lehninger (see, BIOCHEMISTRY (Worth, NY,
1975)) | I

A lipid extract is prepared via ether extraction of an E. coli K-12 cell pellet

using the method of Hanson and Phillips (see, MANUAL OF METHODS FOR GENERAL

30 BACTERIOLOGY, p:328, Amer. Soc. Microbiol., Washington, DC,. 19’81). Ether was remo‘ved
from the extract by evapbration and the ﬁpid pellet was resuspended in a 65:25:5 o
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
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nellifera (Sigma-Aldrich, St. Louis, M), which selectively gy gppjf es the
C2 fatty acids. The second aliquot was treated by the addltl on o | U of
Novozyme 871 (Sigma-Aldrich, St. Louis, M), which selectively hydrolyzes
the C3 fattwoapesdss20f phosphogl yceri des. Both 15 reaction PatisiAsosyer e

i ncubat ed at room tenperature overnight. The reaction m xtures were
evapor at ed cuum and resuspended in approximtely 25 pl

t d
of di chl oPlaPFgﬁffé%b %%gg& i‘re)raé@talleaeféfo 4ry(§h%&w1%wsre FRRIMeHPFngT P@Ye“&vas
added (20ys@in @esénﬂ\édswlwsﬂe&rhnuw@gffshmp%ﬁm%rzﬁ}amﬂoﬁ@ “rm@gm?hne g

reaction m xture. -MasS def ect Label 2-am no- 3, 5-di i odo
added (20tNRPLATELETS) Drvw@mm%smmrmr«d taoftmﬂréhlnmw St@nﬁoh:b Gﬂoﬁnpym’a 871

rlegcél: ggcfﬂ]ﬁ}e‘ ca?@ |h|15(r]ﬁlslr§E st EgpaPd 2R 1apd(cjis dy%ea(alb%%ws‘t Qﬁ'géangﬁv&s rqmeYEdat ed

for 2 Hhouasl ex]ibmd oaiododiviapdicte detat-rﬁiny uedchiiee paiidigal beh odthellipel RATYIE
acids to the mass defect | abels, The reaction m xtures

| i berated ty
were aci diRg %W“&H 3126 sTAPSSkTrong fherggipn in the updevglopsd lAe comsspendingtedheat el y

prior to ﬂ%’iﬁhaﬁaﬁ%dlﬁfé@ﬁéﬂa@nd%fh@blﬁ%é@m’ﬁyaH?ic% RBPHALY, 25 on an ABI Mariner
MS. The chem cal " noi se was deconvol ved fromtHhe resulting nass spectrum by

the algorithnms of Khesilisapsheitwas nesesnended in| 10wl n@phdsphdeewmlvmljuﬂﬁmss

spectra s [ _ es of the
vari ous fg%p\@bﬁgfig ng%ﬁagcoughégb r}% e P ogghalt'%ﬁ%@laf‘? d backbone
wer e det ewgmmeﬂy byn Aot 48HLY bﬁlhefsﬂlceaﬁldi)erhs@dlﬁvas rEf@veO 4 &MHhﬁic@fugEhe

nat ur al ‘@&E %cflr%at]al | s occur | tiples of either -CH2CH2- (28. 031300

anu) or '@E@G’S@)t“ﬁ‘mdtbé' therpditianal 1JU efrpbhospholipase AdSmdpis i s
added to maaﬁha @iﬁﬁ‘é gslmhcbammg%)hwﬁleh Ethve tb@yz%gﬂfe@mg;‘f&{]e dof the

term nal methyl group. Branched fatty aC| S cafr%/th be disting from
si ngl e chBieseeandiabgeothyesawsted bhithd addsw@)fof 63U Npyozym 85 S0 146k $5.2

the oxtr il hakTaimh EaRETk AR KES S At fich e R eri 851 L e

new birsanakactibh enixi@ted tweyeinalibuiiba esord tenifetatvdiovamsgikat ty acids at the C2
position can be estimated fromthe nonoi sotopic peak heights for the
vari ous Label 1-codgéeicton podiss wyeremvaprated 19 giypessopder vrenybiped i ve

abundanc&eqfspdnli&s Maépbfﬂiﬁnﬁt@fef% ;ﬁ%‘f qﬁ:h%&orﬂ&ﬁﬂ@ MRS labfelT 861 1 Zaaémﬁo-S

phosphati dyl chol ine can be estinmated fromt nmonoi sotopic p
t he vari dodo-pyrédiad) was eddgduGapled aﬂeMl@lmlAﬁimﬂizhloﬁnrgmhmepm theptespfooylase ' t he

2T age SRMUSIRS ol BRI S Bl iRt R TR o
secormd k0 Muonxuloﬂy:eﬂlcﬁllafaﬁﬁhﬁﬂ] RNRY NSV 6B AR EM resctioh RRKIURE RAT HquOT20RL hod
in which the hydrophobicity
-of a 1 M’solution of 1,3- dlcyclohexylcarbodl1m1de) was then added to both tubes and -
incubated for 2 hours The carbodiimide catalyzed the conjugation of the enzyme liberated
fatty acids to the mass defect labels. The reaction mixtures were acidified by addition of I% :
formic acid (v/v) and mixed 1mmcd1ately prior to mass spectrometnc analy31s by mlcrospray
25 onan ABI Manncr MS. ' )
The chémical noise was deconvolved from the resulting mass spectrum by the
algorithms of the present invention, leaving the deconvolved mass spectra shown in Figure 9.
The identities and relative abundances of the various fatly acids at C2 and C3 on the |
phosphatidylcholine lipid backbone weére determined by mass addition to each label, The
30 lengths of the natural fatty acid tails occur in multipies of é’ithef"uCHZCHj;' (28.031300
amu) or —CH=CH— (26.015650) units. The mass of one H (1.007825 amu) is added to
each predicted chain Iength to éompletelt'hé stoichiorﬁetry of the terminal metﬁy.l groﬁp.

Branched fatty acids cannot be distinguished from single chain analogs because the loss of
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of the fatty acids is used to resolve the lipids (see, for ¢xappi#osVorris,
J. Lipid Res., 7:717- 132 (1966)). PeakFatty Aci dApproxi mate undance C3
(Label 2)C2 (Label 1) An-dodecanoi c20.10 Bn-tetradecanoi c2030 Cpal mitol eic?2
Dn- hexadec¥fb1208%35 Eol ei c- 2 Fn- oct adecanoi c2220: 15 ExanmFICa/USCI#I981 exanpl e
descri bes the preparati on of photocl eavabl e mass defect |abels 20 having
broni ne aneihg@iopén frokSh ey He s brahB® péind i8 RRbGerad By the@kivh HiREdQUBRbInbYNT t he
rel ati ve abundances of bionol ecul es (e.g., nucleic acids, proteins, or

met abol i tiBS§tolchimetyt therermipuse! thepediranchow i oni zation or det ecti on
efficiencies in tneyahesi ARBGRAABELGhe varble £ifSids JEHEEh pol ABEL PRI VES as 2
surrogate marker for its conjugate I onol ec In the mass spectronet er

Var i at i orestimfted fremt the manaisomhipesk ojghts fov itderarpesisabebt-caijhgadipaks t 0 '

rimar I ne, sul fhydryl. . .and carboxylic .aci d contai njing_bi anol ecul es.
e A1 J8oFsf Pl hnd0e deisBAbuRigr i Yoo RO 3 he (2 PoFEoR bl 1 o
be -unanbi : ' - .calwhai.se that sy be
oresont  PRUHRG1CHEERe Kef: (MY Soh P ol SR pER IS B WA 1%
Col i Phodkbtl HydnpipatddnealSe(fyerds, Figmpeddi Thanfobe] tHehvénage beqbfte o2/ 066952
PCT/USQ / 49951 different nunbers of nass defect el enents are incorporated
i nto two PhasbpiddyichebingpgE. cabisshema in TablgRilef | vy,

4-(tert-butyldi met hyl.slJd) : t . ET ot R d as '

descri bed by Schm g%ﬂtg%lj léJIl% S%%é}%%%ﬁ@uq%r bia(uﬁ%égrg}'g}f @e%&igeﬁa %ﬁc?ﬁdone of
t he 30corthiedpenciromagrphy dirsdnkipn av ethéradepeatisromethodin wiidio thelhed@ipRolsbigyn i n
Table 3.1,.to form. the correspondi ng, brom nated or iodinated mass _def ect

I abel pr é’éﬁ}egjﬁ%a%%% IR YseHOREY o de lyisdsss B gxmpleMpirts: - dipid Res.\i79 87 32501
(July 1, 7399@keypAddi tional .aryl ether |inkages can -be inserted between

FT106 and the term nal nmass defect-containing aryl group through the

I ncorporation of a commercially-avail abl e hydroqui none or '

4, 4" - di hyroxydi phenyl egher. To Table 2.1

er. .
Coli Phoshatidylcholine Sequence Composition -

Peak Fatty Acid Approximate Abundance {%).
. C3{Label2) | C2(Labelt)
A n-dodecanogic. - - 20. 10
B n-tetradecanoic 20 ' 30
Cc palmitoleic — 2
D n-hexadecanoic ‘ - 37 35
E oleic ' ’ - ‘ 2
F ‘n-octadecanoic 22 Ao 200
15
Example 3

‘This example describes the preparation of photocicavab_le mass defect labeis
20 having brgmine or iodine substituents. These labels are useful for quaﬁtifying the relati‘ié '
abundaqc;,es_ of biomolecules (e.g., nucleic abi_ds, proteins, or rﬁqtaboliteé) tl'1at may otherwise |
exhibit low ionization or detection efficiencies in the mass spcctrqmctér.' The mass defect
~ label seﬁes as a surrogate marker for its conjugate biomﬁlecule in the mass s_pectrome_ter; _
Variations of the terminal dhemisn'y provide means- for attachment to primary amine, o
25 sulfhydryl, and carboxylic acid containing biomolecules. The inclusion of the mass defect
,elem'ent in the l‘abel‘allows' the label to be unambiguously resolved from over]apping. o

chemical noise that may be present in the sample and two samples from one another when
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10 acconplish this, the term nal phenol is reactivated usinggani 2005
phenyl boronic acid term nus by the same nmethod used to create FI106.

Sim.l arly, branched aryl ethers can be created by addition and

reacti vati ewp efodetv® conmerci al | y-avail abl e 1, 2, 4- benzenet npicqlysof/iids1
tert-butyl-dinmethyl silane protecting group of the mass defect [ abel

pr ecur sor ,. t hr ou MDP5, Table 3.1) is removed with a nolar excess of
15 tri net%&]ggg\l?‘gﬂl?%ﬁ‘%]m?fﬁfi?%ge q’?’?ﬁ‘@t%ﬁ?f"éﬂ@‘)@f“ﬂgﬁ?tf’@@ Gbelsilpreralsoui t abl e
means gengxaglyiknown in the art. The correspondi ng deprotected phenol is

further coupled to an appropriately- blocked am no |inker (see, for exanple
GB 98/ 15163. 2 (Jul yBridly, 4-gembutyldimsthyisily)) phersdlepuetn ethes(FJd Ak prepdred @s t he

primary ajg F ' laaad :Ri The amine,  can be
further reg@?"g %%dsﬁoﬁﬁgdﬁepgp@poﬁﬁogk{o eln,)a/l|9_9?,fl 1%]] egu‘flﬁ"o% e.or}%}earrpl es of
appr opr i atogreg®nghngropmmercislly-siallitdabonion ot isde-phéaiels shoen AOTable Biltwdodd, t hose

with bl ocked pri mar. mne, (,0r.a.nitro gro t hat can subsequent|y be

r educed ttgc 5?‘}'?%?3?‘?‘{‘#{% r?m%%&%%@tﬁépﬁgééé&l?be?P?eF?‘F%FéPé‘aé&eé&‘@séﬁt er), or
thiol (e.desoritedh SeRhide® al. WEB9BDsELOERIIL B999IN AGRIERS JRASHE} 1ik4d8s cabne 20
am no group of the linker is then reacfed with triflurdacetic arhydride or
met hane bsunsseeh betwern BE 1 Qfeand thertemeiaa! mase defagfetonishmingarylegrouptheoughithal | y,

t he bl ockj b ScohEamY; : e eneral Ly recogni ze inthear-t
and the l|§iﬁot %?gg}%/%fb e naségg%g‘%ﬂgy ‘8@%}@@%? %’% ({}g’ﬁr% %%W%@S?}%r?&ﬁr'oml ecul e
t hr ough takeorfiplesh thisj thetermmnhyheydliic reacthdted asing RiphtnyWaRoific BYid abhinswyited! e,
general |l y recogni

ed, conj I on.nethods to yield a photocl eavabl e nass
def ect 't 2MESH fgatE torfﬁfajé‘g%.ﬁ' &gﬁgpy/&g’fai“?heﬁ@@ﬂ cherseandsessEdpabl e 3.1

‘Commrer ci aldjiitioAMAd kaBliwuiBh 81z cafiflelcRl9-RReR 52 PELAMROLLA9951 Substit ued
MDPI, "G HOO 0-1 1 |

Phenol Codevass Def ect Label . Precur sor

2.4, 6-Tri i odo- phendibe értbutyirdimethy haitahg profegtiipgroupof the impsodggbe iabey ) - benzyl ox

nzyl oxyl -d 1 ne
15  trimethylsulfonium ﬂuon'de in methylene chloride or other suitable means generally known

y]-sil an‘f)ré_clgrs\){ ﬁ\)ﬁ)}’sﬁ%ﬂﬁ%}) MD‘%,OE%-IQ??PQ lrén%\;ea%li'&lyal ﬁ\[)l%f éx%éésoo(%o_ phenoxy) - be
in the art. The corresponding deprotected phenol is further coupled to an appropriately-
blocked amino linker (see, for example GB 98/15163.2 (Jﬁly‘ 13, 1998)) which is
. subsequenctly converted to the primary amine as described by Schmidt et al. ibid. The amine ™’
can be further reacted with any appropriate phenyl vinyl sulfone. Examples of appropriate - -
20  phenyl vinyl sulfones include, but are ﬁot limited to, those with blocked primary.amine (or a
nitrq grbup that can subscquently be reduced to an aniline), carboxylic acid (e.g., |
trifluoroacetate ester), or thiol (e.g., a disulfide linkage) substitution on the phenyl ring. The
20 amino group of the linker is then reacted with triﬂuroaceticranhydride or methane |
sulphonyl chloride to render the label photocléavable. Finally, the blocking agent is removed.
25 by mgthods gener'ally recognized in the art and the photocleavable mass tag is conjugated to
molecule or macromolecule through the free amine, carboxylic acid, or thiol group by any
suitable, generally recognized, qonjugation methods to yield a phbtocleavable mass defect tag

conjugated molécule.

65




_ MOP3\ ._ HO 18 A nl 2005
3- Br ono- phenol[4 ( 3- Bronp- phenoxy) - benzyl oxy] -t ent - butyl di nmet -sil ane at
at HO \ NQZNVDP4 \ f NOZ 8r Br
2, 6- Di broﬁﬁoﬁnﬁﬁP$bphenol[4 nitro- (2, 6-di br omo- phenoxy) - b&GFHBYIPS er t - but”’
yI di metiyl silane HO Br DMP5~ o at
4- Br onp- 2- ni trophenol | 2-ni tro- (4-brono- phen6bxy) - benzyl oxy) -tertbutyl -di neth
y[silane 5 Exanple 4 This exanple ilTat3ates the use of affinity-coupled
mass | abels for the rapid and quantitative an sis of affinity purified
mass defect | abel ed corffammeisiatiAvdilakle BI‘@'h@nanﬁﬂqC%Fﬂ*\ﬁﬁQ'S:arml es. Inthis
exanpl e, -rotelns are used, butjone of skill in the art will appr eci at e[ 66.
18 Apri ABhem9losa952 Godey abel fre ied
to the dnaly is for conparéﬁ? pf \any\ nol ecul es co- pur|f|-d fromdifferent
sanpl es, el i on of th | it-s—0 xy=\Sui t abl
het er obi] f«nCe aryl Brom de“or\iodi de y the |
COMeEr Ci Q abl e exanpl es| shown i n Tabl . NDP4 #hd MDP5
(Tabl e | af € al so usefuyl. Earh of these ani[Tnés can bgTeacted withl a
stoi chi pnetric excess of an N—hydroxysuccinide (NHS) estef of an affinity

r eagent e comrerci a e NHS-i mnohiotin or biotin :
reagent | SueRidSumekn® COMET Ol al | ;Y Pl A Moiieds Menodedbyiatading 2 001 D |

Lo T

at | east t he addb@j nf o vw&er to hydrol yze any unreacted

NHS- est ¢F9Th i f%ora o~ yness 0 The ni group is jthen
reduced{to a p p usi ng”stian ‘ _ iNute HCl with
SnC12 a:ided“gj%p,@mpat al yst | The feaction produd ; q/4. 1 below

is purified by affinity chromatpgraphy and evaporated to d . The am no .
group (produced by reducion of tResRilaOioGhaE)) tkEydliameheasted Wi th '
anot her | sui tabl e @rossTinker (€. . odoacefi ¢ anhydride) or ngy be used
directl amMomwsy| i C ac d cont ai ni ng 15 target ml ecul es

using c ry. A for

3-Bromo-phenol
Br,

MDP4
Br
2,6-Dibromo-4-nitrophenal
&) r
BMP5
4-Bromo-2-nitrophenol - h [2-nitro-(4—brom_o-phenoxy)—benzyloxy]—tert—butyidimethylsiiéﬁe'
5 - Example4

This example illustrates the use of affinity-coupled mass labels for the rapid
and quantitative analysis of affinity puriﬁed mass defect labeled compounds obtained from

different samples. In this example, proteins are used, but one of skill in the art will appreciate
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reaction with primry am nes can also be used. Optionally, t]é'lﬂ Arighg group
(or second aniline termnus) can be extended by reaction vmth hydr ogenat ed
and.pérdeut er at ed pol yet hyl ene gl ycols, as described by Aebersold et al.

(WD 00/ 112@9 oeveosh 2, 2000)) to pr oduce a series of isotgpirgRhlMefl Sti nct
20 mass defect tags for differential labeling. Simlarly, isotopically pure
aryl bromide or iodide starting materials nay, be used to generate

i sot ope- ¢iAS HhisEehpd F3) ‘%")ﬂl’t?!i@%mdg? aralysjs foﬁH’W&"fW)@e‘? esgoypurified nker  H
O 25 4.1 g apampetAtsathplesi | | ustrates a mass defect |abel ed imnobiotin
affinity tag where X represents a nmass. defect elenment (e.g., bromne or

i odi ne) and n reprB@emi@mtMéhﬂuhﬂea’tartsfwﬁhmysmd@lﬂeb@teeibdmmsalailSﬂe Li nker is
any |ink at .can beu tt ach th e

2 7ini by SRS o RE A PP el SR e o BB A PP o
can 63 18nAMDHS (3@515 INPaR2A180GME.  BecH diMIst 49i8hds b beirbdeasd with £ar boxylic
aci ds throuc‘%;] carbodi i m de_chem stry), . i odoacet am de fqr med bglp reaction

of ani | i SEIaReiGEsaEalpe Nabilpamsaegmids(NES) geer of anedfini{y reagsat push aji t h
nitric a@m@bommé?&waaauéb R mht:.waaf. bPB’i%h%%ﬁﬁés% 5@%93&%%&? Def ect

Label aryl brom de “or I odl OoN \ /' NHzMDAIN A
The reaction mixture is mcubated for at least 2h before the addltlon of water to hydrolyze any

unreacted NHS-ester. The solvent is evaporated to dryness.
10 The nitro group is then reduced to a primary amine using standard methods,

* such as dilute HCI with SnCl, added as a catalyst. The reaction product (see compound 4.1
'belo'w) 1s purified by afﬁ.hity chromatography and evaporated to dryness. The amino group
(produced by reduction of the nitro groupj is then reacted with another suitable crosslinker -
(e.g., iodoacetic anhydride) or may be used directly for linkage to carboxylic acid containing

15  target molecules using carbodiimide chemistry. Altematii}e linkage chemistries suitable for
reaction with primary amines can also be used. | |
Optionally, the amino group (or second aniline terminus).can be extended by
reaction with hydrogenated and perdeuterated polyethylcne glycols as descnbed by -
Aebersold et al. (WO 00/11208 (March 2, 2000)) to produce a series of isotopically-distinct
"~ 20 mass defect tags for differential labeling. Sixﬁilarfy, i's'ot-opically pure aryl bromide or iodide

starting materials may be used to generate isotope-coupled afﬁriity tags directly.

4.1 _
25 ' Compound 4.1 illustrates a mass defect labeled iminobiotin afﬁnity tag where
X represents a mass defect element (e.g., bromine or iodine) and n represents the number of

mass defect elements. The Linker is any linkage chemistry that can be used to attach the

mass defect affinity-coupled tag to a target molecule. Examples inchide aniline (which can
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it ili o- -n (CHz)4-FNH NHz roan s ne Br Br MDA2A 02N\ / Wmﬁos
Br(CHZ)4 F H\... / NHz 2,6-dibronp-4-nitroanilineO MDA3 0%
(CHZ)4--y~w§l\’gé)} 2, 6- diiodo-4-nitroanilinel o To illustrate the use of .
such tags 4% fasrra sanples (1 m) are obtained fromP&AFOH#H¥ o
patients and pl aced I nto separate m crofuge tubes. Each tube is treated as
fol I ows. bEhiakediorarbokgicbdds traghcabbditmitiechdnyist)cioasidetintdt (@frmed by
trichloroacetic.acid to a final conc nt r at of about, 10% w.v, and t he
tubes ar & %CH%B%%‘E" co¥ith fodopgstio syekidS), dfo‘n OBRehYgFaciio Wik nifsiciasided by
centrifugation (14,000 g) and the supernatant is renoved. The pellet
Exanpl es of Affinity-Coupled Mass Deframe4label s 68 18 April 2005 WO

02/ 066952 PCT/ US01/49951 is dried under vacuum The dried pellet is
resuspended in 100_m cr Ekargesoigiffigitystoupkld Mass Dgfett labels

Heterobifunctional Code Affinity-Coupled Mass Défect Label
aryl bromide or iodide
MDA1
- 2-bromo-4-nitroaniline : (CHYe—
[
0
MDA2
(CH24— N
“ H
2,6-d_|bromo-4_-n:tro_anlilne
|
MDA3
O2N NH2z
}a - . .
I e ll H
2,6-diiodo~4-nitroanitine 0

7 To illustrate the use of such tags, blood plasma samples (1 ml) are obtained
from each of two patients and placed into separate microfuge tubes. Each tube is treated as
follows. The macromolecules are preciptated by the addition of trichloroacetic acid to a final .
concentration of about 10% w/v and the tubes are incubated on ice for 20 min. The |

10 precipitate is pelleted by centrlﬁigatlon (14,000 g) and the supernatant is removed. The pellet
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di gestion buffer containing 1001U of trypsin and 0.1% w v 18 April 200 7
tris(2-carboxyethyl) phosphine hydrochloride. The solution 1s"i ncugat ed
overnight at 37 C. Isotopically pure aliquots of MDAl (mass defect affinity
| abel 1) aw® @re@ated 5 with an iodoacetam de |inker. Anpghrigyioosd0
mcroliters) of the tryptic digest of sanple 1 is added to a m crofuge

t ube cont aj, ni 10 of [ 79Br]-MDAL. A sim]jar 50 mcroliter, aliquot of
the trypti ((i:mé{] §tY n?“rgapr‘b? aﬂid ?%E%l‘aﬂf@ﬂsﬂead%d ’ﬁilg(fﬂ’f“ff@]éte’_fsuﬂfé‘ Séﬁﬁl%lfr}ﬂ?tﬁg 10
mg of [ 8 diBstiorM¥ier cBahiRin QD@W%TW%MM.P% vﬁ/@ﬁris@Zha&Bkﬁ&hﬁl}bH&%ﬁﬂ@ the
contents _together. The affinity-Iabeled nolecules are purified by

chr omat oé‘b’g'ﬁﬁvofiﬁ?-oumf‘)&‘ﬁ@ﬂr‘%iﬂt“&?\ﬂeéioﬁf?@w #is¥ C.10 affinity col um
(Si gma- Al drich, Styglg &ﬁ¥ gh@agﬁl%tg Qf’\g@%r# @fasm%& Qi f}‘éblee?i lj;)a;rg (ég%laernged

procedure. The recovere gged “pept i ure I's ana S
spect § omstithranvpddacethmiderimker. daf douopEakscrdbieemvdihe egpfic digedthésahsailgal
noi se geﬁgée ted from unl abel ed ,pegti des .. by the nmethods of the. present

i nventio |1P apiRofyge pps containg &) me.od [ '$BrP AdaiA simpler 3@ axerolitger e
- quanti fi edqfoRbf iHe@ivhiié il oY Sanibi D SloRREs tolasmm fab@coliifing’ 84 & |
illustrates the usé of photocl eavabl e nass tags Tn sequencl fig met hods.
Usi ng t hEé¥'BelMdusl. doth beprresanubated ferith mivrmasxine fhleconiehs Epiier.STM as
brom ne .eyropiumwere specifical i ncorporated into the weight range
adj ust er%g‘b‘?%%"n i ‘FC‘ﬁeSpaﬁ%P%ffreé@wb?’Oén%%fﬂ@w AL IBPENRES et al .,
U. S. 10Pat effinitNeolutin0B7nfRA1drithestBsss, AeD lio R\ h R dniBicthRES fecBBIBRLE |
all ows fragnents_containing the 25 mass defect |abels to be deconvol ved
fr om t hePOREHIe al hiisFavsTeddngged peptidemairiust ivanalyzeddiyi masyepestrametsr whthttheray be -
present j e di-11 Q i i how t:he u of peak
pai ring g{gscsz){\b?/%c? g%gecgﬁng%l??cgﬁh@?ﬂ%%%% %géggg‘irngfa?\%a%\a‘% gnmsygbaﬁﬁwpﬁlﬁg%ti on of
| .ow si gnby thepeetkaisiof theheesspeiotentiom WAl nemsiamgdet@ddaligldiviigot sainiof Pedkis gh
nat ur al %bundantcfesatof hst at1I e iso& oEes are used. 30 The synthesis proceed
as descr ' BESUPRIEGAphET Eclglfvegburdante ) ipid., with the exception that
the R -36 conpounds added at step H consist of bronophenyl am de
derivatives of amno acids with varying chain |lengths. The bronophenyl am de -
derivatives are prepared as follows: 69 18 April 2005 WD 02/ 066952
PCT/ US01/ 49951 About 5g of 3-br Ombﬁﬁ‘;ﬁaiféfd d and 5g of . _
1, 3-di'cycl ohexyl carbodiimde is - diSSOl in 100 mM of dry toluene. About
10 M of this solution is aliquoted into each of 10 T

This example illustrates the use of photocleavable mass tags in sequencing -
20 methods. | S
Using the methods of the present invention mass defect elements such as
bromine ahd europiuny were specifically incorporated into the weight 'raﬁge adjustef
component of a photocleavable component described by Ness et al.; U.S. Patent Nc;. :
6,027,890. The mass defect provided by these elements allows fragments containing the
25  mass defect labels to be deconvolve_d from the chemical noisé geﬁei‘éte(i from other org@ic
molecules that may be present in the sample. In addition, this example shows how the use of
peak pairing deconvolution algorithms;, described herein, allows QUaliﬁcation of low signal
peaks in the spectrum when mass defect elements with high natural abundances of stable
1sotopes are used. | _
30 The‘”synthesis proceed as described in Example 5 of Ness et al. ibid., with the
exception that the Ry_34 compounds added at step H consist of bromophenylém_ide

derivatives of amino acids with varying chain lengths. The bromophenyiamide derivatives‘

are prepared as follows:
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reaction vials. To each 10 ml aliquot, a stoichi onetric quang by Rpgone of
the tert-butyl esters of the amno acids in Table 5.1 is added relative to

the brono ' cid. Adifferent amno 5 acid tert-butyl ester (prepared
by standasgaﬁg/l"ﬁ%%s) is added to each tube. The reaction F’§T’[§P1’t‘9&k‘d to

proceed overnight at roomtenperature and unreacted tert-butyl ester is
removed by the adélbdutSp obB8-bramdtenesioadehndSaof 13-dhythatyltfbddimildé gnoved

by evaporation.and. the_. bronophenyl am d rivatjves are purified by
pr epar at F\?EC’IYGQ\)%? Q%mb REdy tﬁl"ﬁ‘ﬁ% OHblOF‘gY}g‘S?eS-O 10ads digugtedinigreagigt 1 t h
gr adi ent reabtdnivens. tdedha obﬁlcugq&h,e@ ¥tbﬁﬁjoﬁfgirﬂﬁida¥lﬁfyi H@Re BF ﬁlgg%é-?gilw&%ré“d

chromat ogr aphed using a YMC brand Cg or 8 stationary p nensi ons -
25 cm x 6 theamin acids iny Bable 54 2padded elatjvedn thebrgmabiénzoic amdbiA diffeiens emino

consisti Lt g.al f i f-acet oni tihi and/ or t hapol. with
wat er§i ch.gd %&Wregtfgf @;rc‘%féc?v%Sa{ngmgﬁﬁgg?égg}sgﬁfieaag)eeaqb‘u?]g‘t ggg Bt HeS anal yst
for thealdpeditd procddaveplignyt @bindemgatiuvadndigreatitd tabetyl BRESS rdiived

opti onal bed di f] eftll to 15 co_gt % 0..1 nol ar ‘ammoni um acet ate _
di et hyl ah¥ &2 ‘P‘?fb?ﬁﬁ? LAoAGEtic 3F1da ARERRUNINGY aFBRY Yy aparationandshebi | i ty of
t he anal yiogopRent AfhidORiHvaHRR 3R il ¢ PGnRr Peak

br oadeni ng hgs gccurred. The gefpéiz;{rﬁeg%ggfelp;égﬁbﬁééjﬁg%?p%ﬁmﬂfEgein dified in
st r engt hreyerse-plpas elyomatpgraphy wyth\gsidiens plugen.i sopr opyl al cohol, dii sopropyl

al cohpl, or tetra I .effect. changes jn,selectivijt efween the
consit?t uents in t%ggg%%@gnﬁ%ﬁdgrdgn}ﬁge%?fg Séoivﬁ%a@oﬁ]‘%f"{&g%/%ﬁc #51ghe

desi r ed d¥dDWhshgl anCeesthtidnety prasadindnsfon®m2istcn k BRMATID. €515 The 196-adi ent
is inplemented by changing the total .solvent strength from -50%organic (by -
vol ume) 139 Akand agseddont 100YUs phayanowsistivg initidlly efounbeurebf A tdmtribOandorut es.

Refi ne ' . | ase_constituents | ow.r at initi I-"nd-fina'lz--‘;"
sol ven{m@%tp %Ir?glg#ﬂgw %z;elr%&n grs g'gpé%{(” @8\”685’3139(?%3 ienhggéidyatteggaéﬂe ‘H-’é&sb ive as

woul d nohesgekific beortepheniiymaRelesikitlvee A hi Wateh phaletmay cpibadIBHb2Rodifiedtd ons of
theolgesi red.b(g i)ﬁrr][%gat;enyl am de material are conbined and evaporated prior to

i ncorpor@Pfa EREGRIYE agekye, ditthyamme clegthydangener amerorium dydrexidof

| abel s wj i ! . - i I n.,be

r eact ed%ﬁ{ﬁﬁhﬁﬁ;ﬁ%ﬁfﬁb@ a{gl ﬁgi%%%{&ab}lﬁ ng %da%éggt‘%‘%glc%tg% %V%Ig?rréﬁ% gﬁlgh t he
t et r af | Uupasishieg s dicorkd dl Taoirgamopetiyn mzQ ofBoulyible n20ed in\defizth 0R6952

PCT/ USO ydﬂl%%%% OH/% Itt);' %lhm&%soopr(%%rl}laﬁulo% &ig(;l;l;i%%;l( acl}'co%?ol?: or tetrahydrofuraﬁ- to -
‘effect changes ini selectivity between the constituents m ‘t-‘he analyte_fniktu_re and enabié the-
20 isolation of the desired bromophenylamide label material from its impurities. The gradient is - -
implcmented by changing the total solvent strength from ~50% organic (by voiume)rto
around 90-100% organic over the course of 1.0 to 20 mihutes; Reﬁnémcnt ofthe mbbilg L “
phase cons'timents, flow rate, initial and final solvent strengths, and gradient velocity are ‘
made for each derivative as would nbrr_nally be done by one skilled in the art. Isoiatcd_- -.
25 fractions of the desii‘éd'bromopl__lenylémide material are c_ombined and evapératéd priorto . - .-
incorporation into the mass tag. “ _ | o
This procedure generates ﬁ series of labels with thé general composition
shown in Figure 10, which can be reacted with any primary amine c_ontaiﬁiﬂg target

molecule(s) through the tetrafluorophenyl-blocked acid moiety.
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HH d yci neCH3 al ani ne4-am nobutyric acid RO |
H2N-1H-CGOH G I Hz H-CH3 H2)5

(" Hel

| H2N- HOHH2
O CH I3 NH2 Leucine orMBA‘aﬁFZdBé

‘| sol.elici ne2- Ami nooct anoi ¢ aci dAsparagi ne 11 1 O H2N- H C- OHH2N- Q1 C- OHH

H2N- G OH Hhdzo2logeost2) @ H2/ ~ CHI

- @ ut am nePhenyl al ani ne

10

Table 5.1

A 2-am nohept anoi ¢ aci d NHT/wso1/49951

Amino Acids for Use in Preparation of Group Vi

Variabie Weight Components for Mass Tags

HzN—TH—C-—-OH

I

HaN— -]“;H—"C OH

HaN {CHa)s \

0

4

OH

H
. H
Glycine C 3 : '
alanine . 4-aminobutyric acid
O
HaN——CH~—C—— H ” PN S
2 CTOH HN—¢—L—oH HoN—=EH—C——0H
H—CH _ Ha
{CHy)s
Hz . —0
CH,
CHy , o NH;
Leucine or Isoleucine 2-Aminooctanoic acid Asparagine
' 0
H;N—CH—C =i e O e e H
4 TH c OH HaN TH C——QH HZN ” OH
Hz Hz
T {CHy),
I
CH,

2-amincheptanoic acid

O NHy _
Glutarnine Phenylalanine :
. 5 T
- H . 7 H ”
HoN-— T‘”—OH HN——CH—-C——0H - HN—oC OH
(CH)y H—CH, (CHodg
CHs CHy J?Hs
2-Aminodecanoic acid Valine 2-Aminopelargenic acid '
Example 6

This example lllustrates the use of a photocleavable mass defeet labeI

generated in Example 5, above, In sequence determmatmn of bradykmm |

In this example the 3-brom0benzoxc acsd and alamne conjugate mass tag label

is attached to the N—termmus of the pepnde bradykmm using methods generally recogmzed n

the art. The labeled peptide is dlluted to about 1 ng per microliter mto a 50:50:1 by volume

acetonitrile:water: tnethylamme solution. The solutlon was inj ected at about 1 microliter per

minute into an Applied Biosystems Mariner ESI—TOF mass spectrometer equipped with the
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HO HOH 17THNNO~-O- H2 2 2N HC -OHC JH ( 3H CH3(CI H2 %?
CH3CH3"H3 2- Ami nodecanoi ¢ aci dval i ne2- Am nopel argoni¢c acid | e 8 Thi.s
exanple il]ustrates the use of a photocl eavabl e mass defect | abel .
generated WP ®B4pte 5 above, in.sequence determination JCTHA#YRNI n. 10
In this exanple the 3-bronmobenzoic acid and al ani ne conjugate mass tag.

| abel | stah48 v hER g o ioh pept, APV
met hods gea%eraﬁlpgl%rs%%og%ﬁzaedtrﬁlm ﬁ%gtlgito. H%h F %)%Ffd;{ngce%%g géee " 1gut ed to
about 1 ﬁgtlpngﬁE@pohmzteé rforl th¢ bi gheﬁ@elﬁtﬁ)ue abuhdanvobfithe3- charge state of thc

h I . Th [ ut wasm ected at
Sbout 1 miEFtRoRRe e Bt iR Fhiedn R mensd ‘&’y@?@?ﬁ;‘ REIG0Re AR - T

mass spe | ds fo
Pr epar at %ﬁgg{ﬁ@@%&%@@% IXEBE Ft&%iengﬁ%@grﬁp%rﬁen %@%S d}?{j@g ‘?‘W’iB |
Apri | 520@8p VOWER1 BEGHEY tIPGETd tBGloz4BYF theahas d@a“cdomtef @ﬁcpftayt theafhpEhrapn | nd
negative_iopn .no The Ss spectroneter settings were optim ze
for the Woﬁﬁe@gﬁﬁﬁﬁqsﬁfg{%&% ﬂb%r{‘aﬁﬁ cleays the massigge state of t he
ol i gonucl eotide dT@h¢hats e h'b@e@%aﬁﬁfé'v@a‘é%ﬂa]ﬁédrby cﬁﬁiﬂﬁaﬁ ﬁgr eater.
t han 5000. An Ar- punped standing wave dye [ aser ere
t uned t oS&RpdsdHratigns Thiechernisal naise indhe mass spectrum was dcconvo]ved using thc

algorithms of the current invention, leaving the mass defect label peaks (Figure 11A).

10 ' These deconvolved peaks were further qualified by the relative abundances of
- their 1sotope pairs using the algorithm:. |

— Counts,.. I

(Counts + Counts[,lm ) lCounts

[’”B 7] &)

2 (Counts[nB g+ Countsu g I)

The relative abundance of the lower mass peak was replaced W1th the B-factor
15 from this calculation. The resulting deconvolved and peak-qualified mass spectra of the mass
tag reglon are shown in Figure 11B. F mally, the isotope series n the {3~Factor spectrum .
(Figure 1 lC) was further dcconvolved to a single monoisotopic peak using algorithms -
| generally known in the art as :mplementcd in the BioSpec Data Explorer software (vers;on
4.0, Applied Biosystems, Framingharn, MA).
20 '

Example 7

This example illustrates ‘thcr conjugation of a mass-defect label, the N-
25 hydroxysuccinimide (NHS) ester of 5-bromonicotinic acid, to horse apomyoglobm (Myo)
|  Myo (sequencing grade) (Cat #A8673), 5- bromonlcotmlc ‘acid (5- BrNA) (Cat
# 228435), sodium dodecyl sulfate (SDS) (Cat # L6026),_ and urea (Cat # U0631) were
purchased from Sigma-Aldrich and used as supplied. Anhyﬂrous dimethylsulfoxide (DMSO)
(Cat # 20864), 1- etby] 3-(3- d1methylammopropyl) carbodiimide hydrochloride (EDC) (Cat #
- 30 22980) ), and NHS (Cat # 24500) were purchased from Pierce and used as supphcd
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5 gap between the spray tip and the nozzle of the nmass Specﬁé%’éﬁf@fs such
that the sanple spray would be fully exposed to the laser ITg 0 cl eave
the mass tag. The mass tag | abel ed sanple was anal yzed by accunul ating 30

scans of 3weeageyisks duration. The chemical noise in the mafsé\‘ﬁﬁﬁ bsym was
deconvol ved using the algorithnms of the current invention eawﬁnd t he

mass def ect | abel ak Fi ure 11% 10 These deconvol ved peaks were
further qualified I[blﬁ"et é'f%ﬁ?ﬁlg d‘ﬁ’é@FF@é‘sedﬂ‘fm“tl?Ye‘Wsoi‘%@ﬁgb%n}zaﬁ rs using
t he al goriNiy 52 Gapmis, ToBibat t%b%h’ﬁﬁiém(s@“ﬂ%;ngggfgﬁ%s %ﬁg“ts [31

arli 2Counts["BrI + Counts[" Brl The relative abun wer mass
peak was Yo8fshatsddea hath ﬁonlbfaéomfcalmkbrdlssbﬁfefaﬂéhﬂ sohids Elad raixdhat wam incibaed

egion ar BRIt AR SR gRE R 0 relEs SBRGEGRuGed L% Prvmgion
(3- Fact orofshes-BrNAlinto(thd ms&l(m{smsrrﬁmwwnd&awamhved to a single
nonoi sot opi ¢ peak Lf\@l/ng al gorlthns]?ﬂagenera I¥ known in the art as

i npl enented in t he MYQEpedensayred bxbaahpgat 9545 lanaP anip\ibs sonsantraliop of A3I-i ed
Bi 0syst eMhg/nfil AN ERRMqUPYs Sﬁ@ s@%ﬁ@@ﬂ)l ﬁﬁgr cgg!'ir% ;g)éﬁmEHn?tereHﬁrE %??S\Im%]

conjugati on of a mass-defect |abel, droxysuccrni m de
of 5- br orflifadde il B engleildn SQGnRvﬂcnOdmnamimmgﬁWen pHVI.6)contalding fisdquenci ng

dodecyl - Sarpftihdidlor % GLITSOY EBL T aRE' by Rl wia IS ERE AR, CEQSLS”‘
f r omiBi grma}ﬁgdrasehnm(ﬂm m@maﬂs SLB}N'A FEpardy Vs PMEd MhdRLHY nSufof Wm@%f( DVBO)
(Cat # 20864), 1-ethyl-3-(3-dinmethylam nopropyl)-carbodiimde hydrochl ori de

(EDC) (‘Ccahe deng b'fczizgmg}lot)m ahelsapge pesincybA3eN skt peamphientterspaiatireontiRi er ce
-and used 3. SRkt v Waz%h&@emsydﬁqa%\e%%&@ﬁgg%vaqgngg(g% M aoRt e

NHS- est er repared rrn's = Br NA
52.7 ny MHSpveurda &HASTIS, rvg'uEiDEi‘asi adelet&bols BifcdDMBElecFbiprBais Spsvaal Aafalyelfsl y

soni cat eslvé) -bat h soni)cﬁe gr t o, qui cley di ssolve all the solids.

m xture wag ¥ ﬂtﬁglt‘%?f ev r@ﬂ&th%?’“ﬁ‘é' ORADSISIE SaF 8Pt ausntifed sA%fffﬂt%e
resultsi ngingl &biysie, thdehinAd /4s 9390 GUBHBISLR » NA'into the NHS
ester (NHS-5- Blryl\IIA) byng)'?éandgrd addi ?t@or{ oSp\%gds&ﬁg‘{%ped by heating at

95C for 20 mn at a concentration of 5.35 rrg/m_ in 5% (wv) agueous SDS
solution. After cooling to anbient tenperature, Myo was .diluted to 1.07
mg/ mL in 80 nmM sodi um phosphate buffer, pH 7.0, containing final

Example 8

120 This example illustrates the generation of sc.quencing mass spectfé.ijﬁégzinént
ion species from 5-BrNA labeled myoglobin (prepared as described in Example 7) by IMLS
that are shifted from the periodic chemical noise. ,
A sample was prepared for mass spectrometry by dlssolvmg the dried 5-BrNA
labeled myoglobin (Example 7)in 0.1 mL of a 50% aqueous acetonitrile solution contammg .
25 1% by volume acetic acid. The labeled protein was subjected to in-source fragmentatlon in
an electrospray-time-of-flight mass spectrometer (Mariner ™, PE Blosystems Inc.) as
described by Schneider et al. (WO 00/63683, Oct. 26, 2000). The mass spectrometer settings
were optimized and the instrument was calibrated immediately prior to iﬁjecting the sample
according to the manufacturer’s instructions. The sample was infused contmuously viaa 50
30 pm LD, capillary i into the electrospray source at a rate of | uL/mm The nozzle potentlal was |
set at 300 V to induce in-source fragmentatmn. Spectra were acctimulated and summed for

345 s in the range of 50-2000 mass-to-charge units.
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concentrations of 1 % (wv) SDS and 6.4 Murea. Myo was Iabqgggﬁﬂgkﬁ
NHS- 5- Br NA by 10 adding 0.353 nL (50 nol) NHS-5-Br NA prepare s descri bed
above to 2 3} %2114 ng) of the denatured nyoglobin. The sanpl e was T
i ncubat ed OVEPAPYAt at anbient tenperature in the dark. THIESIHH9! was

then extensively dialyzed with 50% (v/v) aqueous acetic acid to renove
urea and SDS, whi cBxiamadordef tat £ RES spéduatdato shetaicdlé@ epidajceBEgR spect r al
anal ysis. . Loss of protein evi dent during.the extensive dialysis but

was not -Fharged b-txpe n %5111561 ftFﬂéﬁmfalio&PS?Q}Cs‘Pa%SH@é’é{hﬁ’lﬂbis\ﬁh@eérpéé to
conpl et i Qi 1B e ISR EEFeaXE thal S8R b the 5XARE Enniehl nme%Pger?@igg b _ayghy& bfates

the generation of sequencing mass spectral fragment eci rom _
5- Br NA | atenad(senfogire d2A).(Preidentiy ofithisdmsk tsi doogbpratadbbanthé eppeyrabge ¢S t hat

are sift fir eriodi £ chenical i se. A sanmpl e was prepared for
mmes SpectiuteR S AEAGH 7 AU ERLSEn dih<fi Rk WRisE RSB E e, |
( Exanpl e labelddrfra@méntibn @Hat icoPoabey Uit ghaGRise Rotdpelof begthint (*dBr) caag ai ni ng 25
1% by vol ume aceti ¢ acid. The | abel ed protein was_subjected to in-source

f r agment AERGYF insiiesaltdbdsr epers e ey caufyalnt: ThAsng feact - belug

(Mari ner TVhinREBIrPsHsine B topkflC- ) as described by Schneider et al. (WO
00/ 63683, COct. 26, 2000). The nmass spectroneter settings were optim zed

and t he i nstrunent Thiasliusthich etustityi ofipeniérating lpbglrsperific fragmpmdensng t he sanpl e

ing tot facturer's i tions. T e was infuysed
cont thuodepef G PRg a5t fles® G biaty PRics" PReSEMB et ReafedBifee ot a

rate of lehdritedfrompeotBivE 2dEickh Me@binbaded\ Wl Slemals thit d3Q1dt MHilit stFgGRask N- Sour ce
“fragnent Spectra were accunul ated and summed for 345 s in the range

tLon.
of 50- 20%6}3%%@-“&18-1%% units. 73 18 April 2005 WO 02/ 066952
PCT/ USO1/ 49951 Exati I ' I ar
evi dence of the sﬁglﬁ};bgﬂhgrg%g&d& ‘ﬁ?{@ﬁ%@%ﬁﬁ?&ﬁgﬂ“ggﬁ{l&?@%&*@ p8
(monoi sotlmpcarerpesl t SiBgOdnt ivmatl thesmgdgldhin iN-te@mims. The singlytdhergedhiionf peaks
that ,are r.t. .of the periodic m cal i se appearing.on. a,period of -|
anu @eedﬁf?bd?fr(ﬁlyﬁ%)’.s gﬁﬂ?éeqqa'é%ﬂb? Hg?’lf"ﬁg@/ﬁéﬁg%‘g&m&6%%&%‘5?@69’5? t he
appear andgutét _nSpsRLaRh Bedkc1dBS nAdks bhak db forr Z1,RME-BMRGAL)§280.OF addhe first
peak, which corresponds to the 1abeled fragment ion that inAacorporates the

hi gher - m&8&07 86 dirprarenbisendigare(19Ehr ThusTrrauenangion erci senemisii lbe of t hese
(w0 peaksgedy 18R bbindAtt yAbARheink &1 ek eLR8 wack dhisTalel 1 et dROCE Of

brom ne i"sot opes. I strate Ity of generating el -specific
f ragnent higbnstedsity iofi t@ripopaterangl ofabslabdfiself waichriehighly fatglizedthyaohjughtidrhat

compadedobe Hiehertiey D RR MsHBi Som Bhet et b magudraton o s highly | " ©
conjugated species will lead to preferential cleavage of the label amide linkage over the
protein amide backbone, leading to a loss of éigniﬁcant sequencing ions. As arésuit, it
would be preferable to separate th_¢ label carbonyl frofn the -a_romatic ri.ng by one or more
methylene groups to make the label -ami_&e’ linkage of sir_n:ilar' bond _en.er‘g-yrto that of ‘ther

25 protein amide backbone.

Example 9 -

30 This .examplé itlustrates therconjugration.of a mass-defect label, the N- |
“hydroxysuccinimide (NHS) ester of S—bromo;3—pyridylacetic acid (5-Br-3-PAA), to horse
apomyoglobin (Myo). |
5-Br-3-PAA (Cat # 13579) was purchased from Lancaster Synthcsis and used
as supplied. Myo (sequencing grade) (Cat #A8673), sodium dodccyl sulfate (SDS) (Cat #
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defects) during IM.S. The spectral data were exam ned for e\fé% p{:fq f mass
defect-shifted peaks that correspond to fragnent ions of th %}og bi n
N-term nus. The singly-charged a ion 15 doublet (glycine) is apparent at
212. 97 andwAlde/@6espl z (see Figure 12B). Furthernore, a douldsersssess
corresponding to the cal cul ated masses of the d2 ion (glycine-Ieucine)

284. 05 86, 05 i t Fi 2C). Thus, i
Lons. ar e G0RGE Avbtres Pl UBREPSRE poropred e S Sish vt et SHemegears
‘obser ved Alyrdub Hﬁnétﬁgﬂﬂilfokﬁte@Dﬁvﬁ_@CHCaPﬁ 2@@, 1@@%&{&&%@)@&&*@%? on

generated of fhe |label itself [ i s hi gh y stabilized by con ion 20
of the | d38todundsdpgrochioride (HROI(at # a3980) Drigd NS (Gt gA4600)2Mre pGashesedt | on
of this highby gk cies will lead to preferential cleavage of

t he | abel am décelcdﬁﬁlyage ggpéjrii@t&he protein am de backbone, leading to a | oss
of significant seqlbabiHSgesiavnsS-Bis3-RARGNHS-5-Bri3-PAY mas breparaalfigsabbe to

' te the, | abel : f th tic ring b ‘
ot vt end BP NIRRT g T Ra s 0und SR enT 148 mePOe T oot arL BRSO gy o
that of thRtur@®adibedtiaa f&@ﬂ?at%ﬂf&f?'ﬂﬁxg)e@f@fmh ﬁmegdarlg!?%gﬁ DebXAMLISsis of

illustrates the conjugation of a mass-defect |abel,

hydr oxys tbeiesl mgmeixtwrg)dieiadsd Yosory etsionrns 182 HPpridclh A detstandard addition.

(5-Br - 3- e 3 i ~Brs 3- PAA 3579) was
pur chased frSﬁ%&%ﬁ%e?&&g%ﬁgbggb@nag%ﬂ@ég Iégg('égbn )iag‘ég%@‘% ?@g‘(f)@??ci ng
gr addp ( @ddedsah8 dBpated fintiancthetdddr yWasshéaitat afabiE) of(th@fesilting nkiRuAPifiee 2005
WO 02/ 066952 PCI/ USO01/ 4995 _.Lgiozg% q?nd urea (gat # U0631) were purchased
from Si ‘gl AfAPT CHUAHE™ B 1aded Bifesgnversian ofiths sterenefastagils ul f oxi de
(DMBO) (Cat # 2086Kyo whs Aemithred@b{ RefingBidtvham PYd ) lsisPde

hydr ochl orj de (ED(QMY?Cat # 22%8%#%)3?;“%%@@&%%2?@ %{fé (/)‘f)a_e{\%g?%kpgljﬂrsghased
from Pi efe8tighg 99<era8 minp Afieeepolipg Tthambied- tewpenatuod, 189BnL 3 BABurea in 20

NHS- 5- Br =3+ i+ Sit i ssol vi : 5- Br; 3- PAA,
Ty R ehdih YRRl SRRLE i 7, ek el oo Snole. s Sl PRk kil e
for 24 h~a9 mMiinarionteanpiéorm twas added tbﬁ&(ﬁaﬁﬂﬂredl‘yﬁﬁﬁgl&ﬁﬁCTﬁ@éaX?]@mi's of the
resul ti ng, '>§t re i.ndi cat ed 53% conversjon of the 5-Br-3-PAA by standard
addi ti on’ Cﬁé‘i‘ %Aé%ve%g'véf %’?’g‘ﬁ“\&é@i’ﬁé‘t““n’é‘é]f‘e daskp The reaptionmieteoyasIsPIHS (7. 2
my) and Blbakd afuinS02s WAL ¢rid GLad9 S BNt ATHP BN O /05 SBER Mithoretull aiBSS

spectral analysis of the resulting mxture , I's second i hcu ion

period i M -Bidaesshioncbeboduas. Thefist aetentag (rAEenll)alontalding dedatibdaat ur ed

by heati H@o&m&% Wi shﬂeaedls & _a@hl_o?o@o%ley&rac%glﬂ%?gcsedl%[g%o remove bound SDS - '
20 (Puchades et al. (1999), Rap. Comm. Mass. Spec. 13, 344-349). To the safnple, 2.4mL

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 r‘the'i_nter_face-.. The
25  tube was vortexed vigorously and the precipitated protein was pelleted by centrifugation - |
© (3743g, 40 min, ambient temperature).. The supernatant was decanted and discardéd_ and the
residual protein pellet was dried with a stream of nitrogen gas. The dﬁed labeled Myo was
resuspended in 0.4 mL 10% (v/v) aQueous acetic acid solution. The protéin concentrétibn

(2.6 mg/mL) was measured by BCA assay using BSA as a standard.
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solution at 95C for 20 mn. After cooling to anbient tenper gwﬁ 2015,589 mL

of 9Murea in 20 M sodi um phosphate buffer, pH 7.0, was a 8 0 the

sanpl e. NHS-5-Br-3-PAA (0.24 nm, 15 -19 mM final concentrati on) was added: .
to the den¥PWP&M 0gl obin. The sanple was incubated oveTdHOV&Sabi ent
tenperature in the dark. The reaction m xture was spin dialyzed agai nst 25
mM Tri s, pH 8.3 buffer containi NgpQamhpteigV v) SDS to renove urea and -

NHS- 5- Br - 3- PAA reacti on by-product s.—'Th‘g_’rl_naI retentate (-0.6 )

containing the | abeled nyoglobin was subjected to a chl orof ormextraction

procedure to renov chades et. al 999 . Mass.

~ Spec. 13, 344- 349)fh'$%’%t“ﬂ%lg%sgrf‘teg ﬁf gf“efaﬁ"‘h%%%“e(‘)‘?mgé“;és ﬁiﬁa‘gﬁi’%ﬁ?‘npor m and
- 1.8 nL whtgmemsoespedide omIBr-SapA @bl miogdshidipreparedah Hxagple!yy bl WESONCE.

The s rrple was ﬁ}entrlfuged (3743g,. 20 mn, anbient tenperature) to aid in

phase seB’éF%FFls ed&ﬁﬂ’%ﬁ“?ﬁ“?*ﬁ‘é’"ﬁ@ﬁmﬁ&yer was di scarded. Methanol (1.8
nm) was added to ahembRAR ad
precipitated at the |n %rfascryer%r%e 2%“1:9% gtrm{;}dfdel%ggﬁlr?ﬁ g?tr‘??é’f“g and the
preci pi t kbeldd pryoglebin (W48 ppkinl (b ed. dfia T84 hqudougaieionitrile(sBHidg coxtBiningn,

anbi ent rature). The.s r nt was decanted and di scar ded and. t he
resi dual Eg% %YHUBE peetic agids U@F 3’& RItelp ‘é”t‘srsélgﬁfrﬁ (Y SOHEFE TegREntatipfing r j ed
| abel ed M/@leM@sipray 2imtsENBROmhS sge&rd?ﬁet&q%{zﬁﬁéﬁm mnﬁgyﬁeﬁgqﬁé Easac' d
solution. The protein concentration was neasured by BCA assay

usi n§0 BSesembed byt Sohaeider et 3b (W @@6%@3 |0c2@6520 Tiz:/ro@@%@tno@reteusmmgasggsl
Exanpl e r of . se

or oot “sp e PumiREAR A bl 31 Bl I FREEANE ol RS RIS
(prepar eatcoﬂilﬂ_g(tarmﬂ maﬂ)fa&lyrek’lk/l:éi‘zo&rﬁé‘tﬂhtlﬁise Thbisdriyslel whs ﬂfﬁlsleheoﬁlﬁfdoﬁﬂjr ®ia
chem cal ise A sanple was Pre pared for mass spectronetry by dissol ving
5 Br . 3. FAX gk capligRogtobE & &wriy)squﬁpe@tgrmo k.2 yLAnuy, ddgasge

acet oni t btk is? Qhbllds AP HOPIGIAEBn- st %m%maﬂaﬁ ek GeRfAdamliiRaafpe! o
protein was subjected to in-source ntation i'n

el ecty ospmayed fonégibt irfﬂhaghtgemiﬁe-zﬁﬁ@ntassanmlmrge(mmgl ner. TIVl PE Bi osyst ens,

Inc.) as 10 described |der et . al 0/ 63683, 2000). The
mass spectronet er @@ﬂp%ﬁ’go & AVIBRE PSR 9% g\oﬂq't %FY‘%ﬁ‘EﬁP%aﬁﬁng o '
cal i br at eardedmiRai; an8 ld¥rifid Bém ke Nﬁhﬁﬁhhsﬂ&‘th@l%béi@d‘ﬂkf@glo@i‘ﬁ‘{?fgﬁlfé@%h%t he B
manuf acturer's recomendati ons. The sangg?e was i nfused continuously via a

5ﬁ m | . OFigespil # & B, aoet Bisuies 1814&tB o Dorhlpt pesks that errespandtte bagns1. 2 L/ nitn.
2
Spect o EopBALEELE, "M%, P pndEenelipg T8 lid %“ﬁr?%ﬁ%eéoaf%@%@%b% .

mass2(t o- ghahifed bniliesr.mass defect (~0.15) to the left of the chemlcal noise that is apparent on'a

periodic frequel/lcy of ~1 amu. Thus, unlike the limited séquencin’g jons that were produced
by the 5-BINA labeled myoglobin (discussed in Examples 1.and 2), ttxis,labeted.'myoglobin,
with an intervening methylene unit between the label carbonyl and the pyridine ring, -
produces a compfete mass ladder of b ions through the first six N-terminal re_sid:ucs_.‘-' This is
25 most likely a ,result:of the amide linkage of 5-Br-3-PAA: being more similar to the protein - -
backbone amide linkages in terms of cleavability compared to that of S-BrNA, whicﬁ -appears.

to be more susceptible to cleavage.

Example 11
30

This example descrlbes one method for the IMLS of apornyoglobm labeled
with 4-bromobenzaldehyde.
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Exam nation of the raw mass spectral data shows clear evi deRg@apafodoBe
singly: charged bl-b6 ions derived fromthe N-term nus of the [abel ed
nyQgl obin (Figures 13A-B, Figures 14A & B, and Figures 15 A & B). Doubl et
peaks that weuimspend to b ions incorporating either 79Brp@f&Bhosqt ONB
(reflecting the -50:50 natural abundance of bromine) 20 are shifted by
their mass defect (-0.15) to the left of the chemcal noise that is
apparent on a per iMd¢romingldeheling 9f proteinsaviih, aldetiydes faliowedbbit stabilization edth

sequenci ng. i t [€ uced by the.5- | ab d | obi n

(di scuss e%d}lﬁﬂ%%%e ﬁ%l?gs\gﬁtf ,?n ga%gg i‘?‘ &l * ?n}sémplﬁlgl é‘?eeag{aﬁyNéB‘a‘ﬁ%ﬁjfﬁf at%%ﬁﬁm?ﬁﬁ more

i nt er veni egrgmicitiy seatde thah thd@meg@ndinganlideb dheedsrb odhiyring ARILS, bR 15be] iHduRe
ring, prqduces.a conplete nmass |adder of b ions through the first six
N-t er mi nattoPeRImadragpisntation compargd fo the Reptige amydedigngs gl thieshopidpsoducpk age

of 5-Br- %Bmmﬁaﬁgff@ﬁalﬁmdf%ekahtmd@w, %iﬁ%&naaﬁ&p@ﬂ%a,@msqg dirédpgages in

ternms of cleavability conpared to that of 5- Ich appears to be nore

suscept i bitemithe demisiagaovidzamifod” thargomdisysthabrandsiethd evormopgonade met hod
for the | f - l,abi n_d abel Mt h 4- br onobenzal dehyde. 76 18 April
2005 WO o%g’ﬁgé‘?g&gw&%ﬁ55%%1"‘?@‘%?"%%%@*%@ ing of proteins with

al dehydes fol | owed 4Brosiatientdlddlyiors awhilable fred Siing ARBRAL Thé elduhyids chibd abel s

w th seconda am ne attachnents. This attachnent (s nore energetically
Stabl o t AR ?/P&EGP?%%%F%OQM gf denpiFedrpyaglotin in ggpanor g,mria_ngo habel
shoulj@ shpuishilidiBlindd i ERRRGRL 1008: RRERR 8 thybBlobl\GinP RRINIEE 4L §18. bonds and

t hus shoul d produce 5 nore abundant fragnment Tons of Interest. In addition,

t he generkipingnicesinieadids Upos reagtiefi eampl¢tion, the tabele enyoigbisissiabpized bdes a

"soft" c i t ,renders.the incorporation af .a ,charged noiety in
thol | apel PAESGBE B Lhdiad b AREE fin o WHTBRR RNk, SridieofelRl 5,07 Sl e
from Si gneledlivhly eluced i el youbletandddmd daekiesd réducabthaffiasishabpbigy ed

sol ution of dena urgd nyo%I obin in a nmanner simlar to the 10 conditions
descri becfof"ﬁn%%hﬁb‘r‘ I peptiges nghiapteing: dhe seputinglsbal chemical ekageis st er of 5-

br omyBi cQkidldaryamdife. FROI kN Ty : . obin is
stabilized by r educt I onagélgi@ﬁ%k%gﬁéﬁﬁ{@g ﬁIE%‘lBg glsaq%ﬁt#{%gggﬁg%w OBhe
cyanobor deBelird peteinTih dissolwedini angVi8 gempatibiethudter systdny andkMES $s parfonmed inkke

doubl e b d, do not._redu ot'her functional groups - conmonly found in |
pept i desqgn e‘g%o_egejﬁnﬁ%ql Eﬁarp%gﬁﬁti ng | abel chem cal |inkage is a 15 :

secondary am ne. The | abeled protein is then purified by dialysis or gel
filtration. The |abeled protein is dissolved in an M5 conpatible buffer
systemand IM.S is perforned in the_ : -

_ _ R Example 12

20 e
o This example illustrates the IMLS of ubiquitin labeled with 5-bromonicotinic
acid. I L o

Ubiquitin is labeled with 5-bromonicotinic acid according to the procedure
‘outlined in Example 7 for apomyoglobin. Labeled ubiquitin is subjected to in-source
25  fragmentation in the mass spectrometer as described in Example 8, and the spectra are-

analyzed for the presence of N-terminal fragment ions containing the label.

| Ethgiéll :' |

| 30 7 This exa'mi)le illustrates the IMLS of Kpomybglobin labeled with 6-Bromo-2-
' hydroxy-quinoline-4—carbokyl-ic aci'd,("B'HQ:C')' o . |
- The NHS cs'ter"of BHQC is ;irépéréd accordin g to the pi'océdure described in

Example 7 for preparing the NHS ester of 5-bromonicotinic acid. Apomyoglobin 1s labeled
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manner as described in Exanple 10. Exanple 12 20 acid. Thi S1'§>¥§3%5‘05
illustrates the | ML.S of ubiquitin |abeled with 5-brononicotini fquitin
i s labeled with 5-brononicotinic acid according to the procedure outlined
in Exanple 7 for aponyogl obin. Labeled ubiquitin is subjected to in-source
25 fragnentation in the mass spectroneter as described in Exanple 8, and
the spectra are analyzed for the présence 6Nt ér m-hat -'f¥ &gidnt- i ons
contai hing the | abel. Exanple 13 30 This e'xagpéﬂ}u&ust rates the I M.S of
Ap o nwitly BHRCusing elrerddwie similer tBrtlotrdesribeld yul Epatyple @i hadeledepdmygidboragl i ¢ aci d
(B . The, NHS estgr of = | s_prepared accoyding,tq.the ocgdur e -
oo T i I ser s e oataR o sh s SRk e SN et e nJpadigB RO i ¢ -
- aci depeAR0EMD sl afkiLeel Forl IRN ¥l tcAvindi8rapREM ioR005 Wi th BHQC using a procedure
~simlar to that described in Exanple 7. Label ed aponmyoglobin is subjected
‘to in-source fragnentation in the mass spectroneter as described in Exanple
10. The mass spectral data are%@% for | abeled N-term nal fragnment

ions. Exanple 14 ‘1 .1 This exarfpte Trtustrates the I M.S of ubiquitin
| abel ed wi th 6-brono-2-hydroxy- quinol.ine-4-carboxylic acid (BHQC).

~ Wiquitin can.be | abel ed wit cor di o t.he procedur.e outlined in
Bl e 137 o gangs s e s SGbRkfnIa vl Romoeiddhy 1 o
in-s$um@]ﬁlef4£@gﬂgyugadcimﬂqc)x he mass spectroneter as -described in Exanple.
"10. The mmss spectral. data are subsequently anal yzed for_ | abeled

N--t eltfriguitin can bedabeled WighBHQE ageqsding tpdherppeeduseaytlingd in Bxgwpleddder t he use of
the i /SBlo6s, EasRRMMIdilinifneh GvRer Rl | @k npldi S T nvention:
to fi the N-term naldﬁsequenceb;o? 5-Br -83- Pﬁ%@g@g@gﬁnnyogﬂt%bi n. fragnented
"\ - S speclramdter aa desedicd ToExampe 16 gBiemashspeetral data desubseiedily malizedhfore 5. The
raw data.used .t nerate the mass spectrumfrom Exanple 5 is exported in
-ASCl ?ﬁ%%‘}ﬁ;?‘%wag%g@ﬂ%tga ‘a acqui sition.-system The natural period of the
~-chemi cal noise i's determ ned frdigamplesis aw data usi ng the "deconvol ver" code

hown in the endi X d is:deterpined to 1. 000575 anu. ing thi
f] at ur a: ‘peri Og’%{éﬁémlnp e%ﬁstralttgs tﬁje use of the automategﬁeconvp?uh%nan .seq\}enlg?nlg g I‘ S

algorithms of this invention to find the N-terminal sequence of 5-Br-3-PAA-labeled myoglobin
ﬁ'agmented_in-soufée in an ESI-TOF mass spectrometer as described in Example 5.

‘ The raw. data used to generate the més’é spectrum from Example 5 is
- exported in ASCII fo'rmat from the data acquisition system. The natural périqdl of the
' chemicél noise is determined from this raw daf_,a using the “decdnvolvgr”_code shown'in
the appendix and is determined to be 1000575 amu. Using this natural period the
@ spectrum is baselined (output file ’f‘.bsl) to correct for instrument error, which is always
positive in MS (Figure 16).. Baselining means that the minimum data vaiue in each
‘ 1.000575 amu block of data is adjusted to z.ero by subtracting through every data point in -
“the block of data. The baselined data file is sub.sequEntly processed with the “bétafactor”
as a way to qualify mass défeét (B:-c':ontain:ing_) peaks, which shoﬁld aiways have a
matching [81Br] peak 1.997954 amu upstream from thie [79Br] peak (Figure 16). The
resulting *.bfc file isﬁ'then processed through the “sequencer” code (see, co;pending
application filed October 19, 2001, entitled “Methods for Deterfnining Protein and
. Péptide Terminal Sequences” Atty Docket No. 05265.P001, the disclosure of which is
incorporated herein by reference), with the true N-terminal myoglo'bin sequence (5-Br-3-
'PAA-GLSDGE; SEQ ID NO:1) being the top ranked solution throngh the first four
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m ni num data val ue in each 1. 000575 amu bl ock of data is adjusted to zero
"by subtracting through every data point. in the block of data. The
baselined data file is subsequently processed with the "betafactor" as a
way to qualify nmass defect (Br-containing) peaks, .whi.ch should .always have
a matching [81Br] peak 1.997954 anu upstrea omthe [[79Br]” peak (Fi gure
16) . r & encer'
cote Tamise! BEHEEkObIe P bl ol WP RERI T kg g

" Met hods for Determ ning Protein and Peptrde Term naI Sequences" Atty

Docket No. 052 1L, the gdisclaosu ch is ated herein b
ref erence), @ﬁ] F%e% %erglﬁeemff{l{jfosdrg rlnrﬁ%fo de%ag O{SIF ﬁquﬁpﬁﬁg é‘?%évﬁrm%“es y
PAA- GhS@@ancSHDSDIW ($BQ ID)N(bre)', Rdich Iy&ldsamebaﬁkaeﬂla@@mﬂﬂ 1903 blelepsqhighee first

f our DED SHE dues. exanple the "sequencer" cod
vas- Jﬁr'ﬁ%@&%ﬂ&?ﬂ%@ tot*tlréntsr 3%3? étr’a@? T o U ek he

¥ sequUEBISDGE GRMED SO0YV4 7501540 emsre@ntm}mesmmots Beihg thelopf i Ve

resi dues, the se uen}ele GaS I D NO 8), which vyi ePdsf ga theoret I cal

mass BPkesequene R Byetenidiss Ié‘l‘i’eg’ﬁrr grhenl‘?yqugrwér preran theengh &3 wﬂwsﬁ@etﬂw t he mass

el sebopig 1. g0ce{s40m No% oo bl NS RIS e (50 1P

ranke&ﬂséqmeme"ée atonffietiag seqehabuat the sidthesidne, Thik ciow’ tegdentge 8fa s run t hr oug

Si X r quence GLSDGE (SEQ I D NO 9) becones top ranked

a ai n ecausg}ow‘%gg%ﬁ D NO8) fails to propagate a conpeting sequencp

aitg the sixth residue. This shows the advantage of a cunulative probabilify
‘gorithm Exanple 16 o This exaﬁol e |I{ustrat es the synthesis of a generjc

mass- def ect IabeI t hat i ncorporate le,d ss-defect el ement of this

invention (i.e., bromne), an ionizable group (i.e., pyridyl) and a

succi ni ¢ anhydri de Ilnklg;rﬁg_ noi ety for attachnent to the N-term nus or other

desired pri mar yhisexampleiByriates the amissis ploasnesic E@Sff)éqf%bbttl thabinegipasaterer
speci §M%f%&rﬁ&?&tﬂ?ﬁaﬁbﬁ gteeﬁrowﬁ aﬁ&tﬁnﬁa&bgmul?{i P}Frldg apf1d OStensi bl

its derivatives, react y quantitativ y towards
pol yp@lseipig @nlam&mh@mwmetx Beetfachient tisheR-teminak of otlm el¢-s1recnbrmmry @2: 40474057

(2000),), Qﬁp ggﬂg | [Aaro o be readily
synt hesr ngg at89 E?Q@r@éﬂc‘%@ ers te{g %anﬁtasg‘ﬂiegﬁ?xgoa aée gra(%s%cgm(cAl .AlJ,
mass dﬁf{éute aid estemsitdy anatxves&ea()t wnmmehrar qumﬁmahselefﬁhmog tawnndsdr | de reactiv

glr)]i g;[/ ﬁttlalfe?es%r:ﬁl) iﬁrg&}b&ﬁ:h eéap A?:éle EcBem r7¥ 4?)4‘?—265%%%000? r e 18b outlires

comparable ahphatlc/aromatm species can be readily synthesized that contain any combination of

U

A1

—

ionizable groups (A....Ay), mass defect elements (By....B,), and a core succinic anhydride reactive
moiety (SA) (see Figure 18a).

As an exemplary strategy, Figure 18b outlines an overall synthetic scheme for a
{(A1....Ap)-(B1....B;)-5A} mass defect label. In this scheme, 5-bromo-3-pyridyl acetic acid
(Lancaster, Cat #13579) is initially converted to the ethyl ester by reaction with ethanol in
the presence of an acid catalyst with remotral of water, The resulting ester is then -
brominated by reaction with elemental bromine in a basic solution of sodium ethoxide in
ethanol. The brominated -carbon is then selectively reacted in an anhydrous organic
solvent such as tetrahydrofaran with lithivm di-(bromoacetaldehyde dimethyl acetal)cuprate
which is prepared by reaction of commercially-available bromoacetaldehyde dimethyl acetal
(Aldrich, Cat #242500) with lithium to form the organolithium species that is converted into
the cuprate by reaction with Cu{H)I. The resulting product is treated with aqueous acid to
remove the acetal moiety and hydrolyze the ester back to the free acid. The liberated
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{(Al.... An)-(Bl.... Bn)-SA} mass defect label. In this schqg®,2005
5-brono-3-pyridyl acetic acid (Lancaster, Cat #13579) is ini al%
-conyerted to the ethyl ester by reaction with ethanol in the presence of
an acid catalyst with renoval of water. The resulting ester is then -

brom nated by reaction with elenental bromne in a basic solution of sodium
et hoxide in ethanol. The bromnated -carbon is-then seleCEiveligsreacted in

an anhydrous organic solvent such as tetrahydrof ¥l l'ithium
di - ( baldnhm@:le baﬂdeﬁydﬂm udl‘rna‘bhdahg aleixglic) @wﬂfy&t@dar&\/ﬂxlmhlﬂgﬁgdﬁfsf{aﬁr g1 byl
aceta

reactl Ci -avaj |l abl e onpacet.al dehyde di nmeth

(A ar e B Sl el el Faionor e oo Grangiel chPORFISHR, s ¢ ha
is com@rstt@ﬂmlnmllietllesﬁel&'eu&ﬂmﬁlahﬁlyhﬂder@eﬁ{;gﬂvgn with Cu(ll)l. The resulting
product is treated with agueous acid to renove the acetal noiety and

hydrol yze the ester back to the free acid. The liberated 79 18 April 2Q05 O

. al dehyde is oxidized to the corr fli{pg carboxylic acid by standard
oxi di zing agents (e.g., AQ), an%g_svnt hesis is conpleted by cyclization

and dehydration of the two generated car boxyl ic acid groups to formthe

desired succin r|v ive | e Thi s exanpl e
il lustrates thgﬁlﬁg}egﬁjgyﬂg%?%ﬁg?ﬂéﬁo Taa5E fefeot ﬁ'g%f\w @éﬁﬁ%‘ﬂﬁqcﬂ’é appl i cat i ons.
The sayiptications. e stheste pfebaudeFikik 10PRpRSAR RS eﬁd&xﬁ%ﬁéﬁ@jh@fcﬂ;g%ﬁ:ﬁ s

met had, of Sanger however, simlar nethodol ogy could be

techn
a;e)gl .%8‘%?@339%“%?5%2%%{@%?%%@9%& eyle 2pplisd to ethmbBMinsa@uesigt  or PCR or
ot hersttesiat 8@h aSMERMNGITh& Sl TFEr et LtFaEL(glerﬁd%& t@?%;[gr%@k%ﬁﬁn ML3 pl asmid

carrying a cloned unknown DNA sequence (SEQ I D
_.@ 10) is init BasfyyanyBs Pﬂﬁm@wamﬂnmadmdﬂmkmw@mmquempl(e g:atl on primer

E | abel t .the 5 end
vm t hdé(ﬁ W%ﬁ%@% %a\k}gp%é %%W%F%W?, g’e{”ﬁ WiWyr at ed DNA
Eelc][mnimrgd ;( é@C:’RGACGmGACﬂHTGQ‘)rA-j’Ql&E) mﬁﬁfﬁi)ﬁ&ﬁstlhtfubd\é%bl H’Bcnﬂgle\trﬂi_léﬂl dggT IP n
alf ,an ansferr upe n_one ol yner ase, S
ond (RSP BEPE seisl oo Y RAST IR0 Tarolgioins. G BR gur 6 20b)
are laga)e dhe FeackdnsoRindas divide@in IEH'aMdTﬁﬁlﬁﬁﬁ’ed fé%’ﬁme@ﬁﬂoﬁ%ﬁe ga{é.ﬂ&%%' abel ed
ddTTP* see Fi gure 20)%3 and ddCTP* (see Fla&ure 20d) are ad

modi f JHRHpandypessdelont-ighelpd AdATD* GeeFige )an@fddﬁila’* (see Figures9h) arel

accor oﬁ’;ﬁ%ﬁ‘s@%@ﬁ oTCJD PRCBE
TECHI\%?%?E éIto Qgiggég%ﬁ%dppr ess, New \s?’f)r E%i@f%gﬁkdh JMPN%QF §1§Hrcf kﬁﬁﬁ[@m

DNA (see BigwieRO®rare addvd. YEhelmqdifBa INTP\hnwn ot Higire DOk bxepeplalylTPs ar e
usef unine. a ri ses deri zed with nass

def ect:%lr ;}’i’%})a?%b rmléeJ% ag%% geoﬁgfuﬁ?sg% t}g‘}‘gaﬂa]rﬁ&z I‘gsggglﬁpmf’liﬂ% crosslinkers
with mmmenmmcmmgimgamw @brlqgmsv&(dllb@(}% ammaﬁm}\a IS%DNWPMS Chgl n i b
"‘ﬁ% ai %%ctcg{f% Iﬁ%\Y'Yg ﬁ tb% VA o gll dd%i['I'PgZx%use'\i{ualsv?}nchacontglrnspugrrleeancplr oduee Y

pyrimidine bases derivatized with mass defect label moieties and separated by a large assortment of

crosslinkers with different lengths and/or compositions. DNA replication and chain extension is

- initiated by incubation at 37°C. Mass ladders are produced by chain termination with the ddNTPs.
A depaturation and cleavage step with RNAse at the end of the reaction removes the chain-
terminated product from the template and frees the primer that can be selecﬁveiy removed by
hybridization. The DNA fragments are dissolved in a mass spectrometer-compatible buffer and
flown in an ESI-TOF mass spectrometer in negative ion mode. The peaks corresponding to a series
of multiply-charged ions for each fragment are deconvolved using standard algorithms supplied by

the instrument manufacturer (Applied Biosystems) to generate spectra containing only the
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primer that can be seI ecti veI y rem)ved by hybr| d| zation. ragnents
‘are di ssolved in a nass spectroneter-conpatible buffer and flown in an
ESI - TOF mass spectroneter in negative ion node. The peaks correspondi ng to
a series of multiply-charged ionhs for. each, t.ragment :are:decenvel ved using
standard al gorithms supplied by the | nstrunent """ yr er (Appl i ed
B| osy t n r??%%?‘g r| | 2005
; %%Iﬁgﬁ%%mgaé%g ?%Zztre%e&lnggéigg?ac Hg%geélb “shec are su equently
cent r cuppiet’ salgedthusi ng the | nstrument suppl ler's algorithnms. The nmass

spectral data gfe_ana as follo The ectrumifro ddA*- and
ddG*- cont ai ni ngﬁ%‘gﬁﬁﬁ@ﬁgﬁéé%ﬂ%t ‘ﬁ%f?ﬂ%’sc P&%ttm%?'g@ed Eelaf“?n nat ed,
.J, eaV| mgewnyalxﬁ@gadsﬁlpretwdeconhaw@t dnd Clbiel iR e iRt ca¥ing &y Reksak@ms (Fi gur ¢

%%ectr m fromthe ddT*-_and_ddC*- contai ni ng sanpl e Is simlarly
treat (aj"a(1

Dropuing 5 s gogs (584R2 e Lhnpsstomnirap dwddh- apdddqr g hest na$s
£ r agneaitaihifg 'f'.aﬁhbl'éq‘s &ﬂlﬂlﬂrﬂ e3d ?Ft@né v453 Ejdjﬁn? 4H3ih RREFLIE éfg&i‘agtﬁﬁ Righekl - This

fragnent can al so dentified as ragment that ntali ns an i odi ne
nmass &MaEEagmentds @W@r(él 1|4§’33DGD ﬂ@dﬂb’ﬂﬁ‘iﬁ*ﬁmcﬁﬂm {Figuredfl br'&iis fagmentaen alspucl eot i d

R R e e T S A ST o

spect therefor¢, Riegest auc%)lde i fhe “oidmbyiviet sequantic wzke?he mass fipgne wvilhthefiexd br om ne

t t h t | th is T. Thi
pr oo e A8AF etsd S Bl a8 [ 1o Lb0S s o ey e R SR 2 s g
pgak mgu?rész)lmdumetnhtﬁcwmﬁcb@dﬁﬁome@tmm RS B8 PRAEHRGhe hdrer ef ore, to

THts, ence ATT GTAAC (SEQ I.D NO 11) s determ ned, and when
i nver t“g ogﬂedm SEHTRICSDt i PrE‘Efﬁﬁ:}fg eepedipd amtilthe lagiipeakis fouady in thisgase ik nown”

sequeRinglepbd A AE RGN tﬁ&lf@*td@c edtflin dodres (\?\n&ﬁm&b@&l‘e th . tthisSmexanpl e, a

segnment of -4000 MVis sequenced which is in the specifications for

this Sy ASATCCTEEAAE REQEBT NDt1) is determinetyagd wipn wﬁ@@d@@d taepucloplidd es
| ncor peRALhdG aﬁ@éﬂﬁstﬁmsﬂag ettnga% &gt.&t@@gftﬁemt B30 BR0.6110D. | ar ger
pre

segnents than the exanple ented here can quenc by either
usi ng determanedmss def ect elenments in the termnating ddNTPs or,

alternatlvely Usin ne rolli ththe
"rolling pri merlmé1 %BﬁA ng(r’ ?gmlsé?quf‘h dﬁé’é}ﬁ“ﬁt Cto be
sequeneeticitionliot ta‘us madnumst ﬁgcet the alﬁlhptlﬂhstxpglﬁﬂﬁdm fefedd Bskeias meopdpatinger is na
fromthis dgq.u sg u(ence contsbdbu nci n on t he
one mass-detec atom g' es at masses over arger segments e example
presented here can be sequenced by either using more mass defect elements in the terminating

ddNTPs, or, alternatively, by using the method of the “rolling primer.” With the “rolling primer”

14

14

4

method, a shorter segment of the desired DNA to be sequenced is obtained using the above
procedure, and a new primer is made from this deduced sequence to continue sequencing along the
larger DNA strand. In the end, the shorter fragments can be placed end-to-end to reveal the sequence
of the unknown DNA.

Example 18

In this example we use the mass defect label (5-Br-3-PAA) to sequence bovine
ubiquitin (Sigma-Aldrich). Ubiquitin was labeled by the same procedure described in
Example 7 for myoglobin, except that the protein labeling step was conducted in 100%

acetonitrile. The labeled ubiquitin sample was prepared and introduced to an ESI-TOF mass
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larger DNA strand. In the end, the shorter fragments can bey 'A%ﬁ?ﬁ%
end-to-end to reveal the sequence of the unknown DNA. Exanple nthis
‘exanpl e we use the mass defect |abel (5-Br-3-PAA) to sequence bovi ne
ubiquitin (Sigma-Adrich). Ubiquitin was | abel ed by the sane procedure
described in Exanple 7 for nyoglobin, except that the protein |abeling
step was conducted in 100% acetonitri’le. Thé [&abélted- ubi:ge Fi-nisEnpl e was
prepared _and introduced to an ESI-TOF nass 81 AMVENDZED¢ 18 April 2005
Znvv SRESEIRGEAs feseribed ipy Bxannled dTheqessltmgpiass pectmivewasalscdnviivgt andss spect rum
vas deapenced ¥L&ksBel Attkamprgyenced as described in Exanple 10. The true
ubi quitin N-tenninal sequence (MJ FVK (SEQ ID NO 12), obtained from
GenBank) was cditetee nBiquién Nrterinmabisoghane MEIRVEN (SBQ IDANS: 12)) obned Wom t hr ee,

and f i t .sequenge ranked second out of 19 conpetin
poSSi gjiéf’?{n?)zgg%{%% ﬁ@fef@?&{r ‘glielnd CraleOP R WEB e W0, St é‘ﬁjc%%%d‘?i;-sgherngn ked )
- secongorfachsey@nBRaniSHEzdold diiof 1BJongetifdiosiibifitiés dt BRifEH fosidub.t TheoltBAer St 0od
t hat tSQ@ exar‘rg)lles ng enb Pi r}hé descri bed herein are for illustrative
pur podBETR Mo ditrapiedseioad (o MO AEQ IaNO0) abhe 6Ramedee-i n |1 ght t her eal
will be  suggesikdnies@ed BadthethhhbRY shdlohbifidlhis30AbEnbiPs, kiC! uded

e

within the spirit and purview of I's application and scope o
appendEEiE BPosas polyapf ithasviriovs mosafientioss omeinpatie ditght thpyeof will bons ci t ed

her ei L [ efgrence.in their entjrety for all

pur pos el R Fops RRAIRSH Bk B biFloBodhiied R B re B denci ng
tgrrr:1 s aﬂjﬂiﬁath?mrldfs;:alge Ti!thgmpded&ﬂﬂﬁfsi S‘ilﬂ?ihlicflﬁ&ns?ﬁﬁéﬁ%tdnﬁﬁbaﬁﬁi d 3' }gomer

et abeling. noiety to covalently attach the mass defect

ngbel g ?r%?“gtcit%%erg"i Br ??f”%ﬁ%m&f’rpﬂ?ée%w ysrercedndhainentirety| fandl ed ol i gomer,
sai d pmpssedef ect | abeling noiety conprising at | east one el ement having an
atomc nunber from1l1l7 to 77; (b) fragnenting said | abel ed oligoner using
an enzymatic, chenolytic or nass -
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spectronetric fragmentation method to produce |abel ed ol i goggnpfirageents;
(c) fragnents; and identifying a mass spectrum data corresponding to said
| abel ed ol i goner (d) determ ning the sequence of at |east two term nal
resi dues of said |abeled. oligoner, wherein said sequence determ nation
step conprises discrimnating betmeeqjg ss of the |abeled oligoner
fragnment and an unl abel ed ol i goner fragment based on the nuclear binding
energy of t mas i-n | et wherein said oligonmer is
sel ected frgﬁ1théﬁSggﬁﬁﬁ%Bﬁiﬁg#?%éa%%“%ﬁ%P%?@Pﬁ,a“B‘ﬁ%@%%Eﬁ@P?ﬂ&% nucl ei ¢
acid, and li(@) d. cdntattiey sad bligoraér witinh Mads deb@N&eling Mdletyabebialglfoi et y
conprises at |east. one elefrent of atom c nunber 35 to 63. 3. The nethod of
cl34peh te njass defept labslmemgiatyitpg tempinesoldbaphigenes aad fommadabelsde el ement of

- at. g : -4 T l.al e id 1 abeling
m@@%%ﬁf‘ﬁg e%tg f ?@%{ISH% m%]%@r @%&%éﬁ@ﬂgﬁ ?nr%ﬁrln aﬁi'é‘gga‘?‘%tf’g?“é onsi sting
ofnuprbenimom, 11 todi’ne, europium and yttrium 5. The nethod of claim4, wherein
said el enment, s europium The thod of claim4, wherein. said el enent
T yrerium @) S TR e 1 AR RS P SEPEAe O Gt 8.
ThgedRint@be Bhatbmbiimetbe e pfbdad ﬂb@lk&ﬁﬁ%méﬁsﬁdm&?- 83 18 April 2005 9.
The met hod of "claim 1, wherein said oligoner is™a protein. 10. The net hod
of claim1, (@her dientding aghisgepestruirsdata porespamdingto shad labdled Phgomet hod of
ch§in19 ,m@frein said sequence is at |least three residues. 12. The nethod
of ELPRY &Y wherei n sai d sequence is at |east four residues. 13. The net hod
of claim 1, (ﬂmerQietbrﬁﬁﬁ@%ﬁie_s@hﬁeﬁ@_@'@féblezﬁ;@ﬁ% leahRlaPsiubdofaaidlabiigg ent
nunber of nmass defect |abeling noieties are mixed prior to said fragnenting
oroligamsr, yiermin said sequence determiindbnfstip eatuisacdinginingtng befweed thermassi goner i n
a i M re, I O . i c rising: )..coptagting said oligomner
o s BGTEY pfothet FromeRBid FEIRNEIEPTRlouRy Mt S REN iy PRl e s
déhelihg biwbey bNPe MiselisfeétQatielingmbieys of said oligoner and forma |abel ed

ol i gonmer m xture, said nmass. defect |abeling noi e,t%( conprising at |east one
el enent havi'HyTrdR said ohgempnaselecied frpm thetgoupronsisting of 2 protein,

polysaccharide, nucleic acid, and lipid.

2. The method of claim 1, wherein said labeling moiety comprises at least

one element of atomic number 35 to 63.

3. The method of claim 2, wherein said labeling moiety comprises at least

one element of atomic number 39 to.58.

) The method of claim 2, wherein said labeling moiety comprises at least

one element selected from the group consisting of bromine, iodine, europium and yttrium.

5. The method of claim 4, wherein said element is europium.
6. The method of claim 4, wherein said element is yttnum
7. ‘The method of claim 4, wherein said element is bromine.
8. The method of claim 4, wherein said element is iodine.
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(b) (c) oligoner; and separating individual |abeled oligonmergapf Aikd

| abel ed ol i gomer m xture; identifying a mass spectrum data correspondi ng
to said individual |abeled (d) anal yzing said nass spectrumdata to

determi ne the sequence of at least two term nus resi dues of said oligomer,
wherein said anahysis Y n the mass of
the | abel ed oli ggmer gﬁ%ﬁgtrl%&ﬁn cg e ﬁgﬂ{ F%;%%%? ase %ﬁ}ot e nucl ear

bi ndi ng energy of the nass defect |abeling noiety, wherein said oligoner is
sel ected from t h#d-gr olife methed of ¢laign biwhgrgm stidphgonpwliysp@ptaaetiagide. nucleic
acid, and lipid. 15. A nethod in accordance with claim 14, wherein said

el ement has an om or dance
with claim 14, V\Efe'reiﬁhgsllgl 4 Pgﬁ%&{&k@a}%ﬁ%ﬁlg&l@? g&eﬁéantbqgatrsp&?eefr%é%]& 9 to 58.
84 18 April 2005 17. A nmethod in accordance with claim 14, wherein said

el ement i's sel ecldd Thomethhé ofglenpd,vdwsiis sdith sequéndsrivatilesst fouprksidass. eur opi um
and yttrium 18. A nethod in accordance with claim 14, further conprising a
step prior to p ( ol ogi cal
sampl 6. 9. A motfiod The ButbPQLAMNE, el ol lELS: LEAH Bk 0 2
sanpl e differerft nomber af intes defelct iabelng mesipd ﬂe nifed phiored fwadl fregmeatmgodance with
claim 18 Wnerel n said biological sanple is froma healthy tissue sanple.
21. A ABYKBBE TP accordance with claim 14, wherein said separating is
conducted by at |east one nethod of capillary el ectrophoresis of the

| abel ed ol i goner 141 Xt Nm@sthotlfor fsqreidieth potti@CEnMAREMeMintah digamen &kmrgher ei n
said mass spectronetric nethod uses ESI-TOF Ms. 23. A nethod for structure
and fuﬁ@fllnéﬁq"“gr?&l‘?g?‘&gof an oI | goner having a plurality of residues, said
met hod conpri singy (2donfRAhE6did Fllzcod@r thiQutIRARE ni@fsstéﬂsf@ct e BndBbRE o] abel i ng
reagent to différentially abel exposed resi dues and unexposed re5|dues
and pr edvpdently aftadhithe masd @Ifttoy labeling mictydb iadermenused spd ol gergeranddem alef ect

| abel i p [ e | eage ses at

| cact ObeleRoBhdner AEHA dalihdty 1R l%uiﬁé%w?ﬁ&%%%f% (TR e

t han suh¥ig an atomlc number from 17t0 77,

(b) separating individual labeled oligomers in said labeled oligomer mixture; - -
(c) identifying a mass spectrtim data corresponding to said individual labeled
6Iigomer; and |
(d) analyzing said mass spectrﬁm data to determine the sequence of at least
‘two ferminus residues of said oligomer, wherein said analysis step comprises discriminating |
between the mass of the labeled oligomef and an unlabeled oligomer based on the nuclear
bfnding energy of the mass defect labeling moiety, '
wherein said oligomer is selected from the group consisting of a protein,

‘polysaccharide, nucleic acid, and lipid.

15. = A method in accordance with claim 14, wherein said element has an

atomic number of from 35 to 63.

16. A method in accordancé with claim 14, wherein said element has an

~ atomic number of from 39 to 58.
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or phosphorus; (b) |abeled oligomer; and identifying a massggapgCiggsm dat a
corresponding to said differentially (c) analyzing said mass sgectrunldata
‘to determ ne sequences of said oligonmer that are exposed in the
t hree-di nensi onal structure and sequences of said oligoner that are

unexposed i n the threg-diensi ona LN.:Sai LSy Sstep
conpri ses discrfﬂina Fﬁ@gﬁﬁPﬁSQHhFﬁi&#géghgﬁ4¥@§£§#E?gggﬁf|a?%%é#é%e|ed

ol i gon@onethd ghmpdbhsdtiak o0 beiign iekine, basgidmomdtyteiumuc| ear bi ndi ng ener gy of
the mass defect |abeling noiety, wherein said oligoner is selected fromthe

group consi sting, of a,protej.n, | ysacgchari ge, cleic.acid, and |ipid. 85
18 April 2005 24187 nAmrhed if acrolGbe "%"?ﬂgt‘?l’gﬁ?ﬁcﬂ%‘}m%%ﬁéﬁeﬂ PEGIY

ol gonefepi(@o&tid@!dﬁhgiargrq@%foﬁgmérbﬁdﬂdbia@gﬁapbaﬂ@&.vvi th claim23, wherein
said mass defect |abeling reagent conprises at |east one elenent of atomc
nunmber 35 to 63. 26. A nethod in accordance wiith claim26, wherein said
mass def ect | abel¥ng Amasthedip apcor Wﬁgcgﬁﬂ 1§a‘iV]EFr8‘PiS@‘3ﬁ\‘é)rlogl‘éa?§anﬁé]8fSei n.

27. A ROl RPLSAE dae Wi th claim 23, wherein said mass defect |abeling
reagent conprises at |east one elenent of atom c nunber 39 to 58. 28. A

met hod in accordance with claim 23, wherein said differentially |abeled

ol i gomer is fragA®nt ed methedinpecordancewithslam |19t vherpipspg biolpgicad sapple & ep
(b). 2 i ccordance with claim 23, wherein said oligoner is a
protei%?nﬁggﬁgﬂﬁggggé%m@gt is bromne or iodine and said exposed residues
conprises a portion of the tyrosine residues present in said protein.. 30.
A net hod in accogbancé mthdd iplagéomd@8s withstasid 4suheieivsgid seppeimgaset ri c

met hod uses. ESI-TOF M5, 31. A.nethod j I ' ' erein
ot d eSSy D e VR méfion 6 FHILEY B ERERRPAE MR il it
sequencing the term nal portion of an oligoner, conprising: (a) contacting
a first sanpl e of2sai 4 méthgbimeccomdnoe svithabeahildgwheretsyidingmss speatrenetiip at t ach
a |l abel to the ] of the oligoner and forma | abeled oligoner, said .
Iabeliﬁ&ﬂﬁﬂﬂﬁF@ﬁﬁgﬁbﬂ§i%ne elenent with an atomc nunmber from 17 to 77; (b)
contacting a second sanple of said oligonmer with a |abeling noiety to

coval ently attach3ia | ahsdthédforsteiure audfmttidmablkisgfaeoligunttr having a | abel ed

ol i goner, said Iabeling .
plurality of residues, said method comprising:

(a)  contacting said oligomer with a mass defect labeling reagent to

differentially label exposed residues and unexposed residues and produ_ce a differentially labeled
- oligomer comprising a mass defect labeling moiety, wherein said mass defect labeling reagent

comprises at least one element having an atomic number of from 17 to 77 that is other than sulfur
or phosphorus; -

(b)  identifying a mass spectrum data corresponding to said differentially
labeled oligomer; and |

| (c) analyzing said mass spectrum data to determine sequences of said

oligomer that are exposed in the three-dimensional structurc and sequences of said oligomer that
are unexposed in the three-dimensional structure, wherein said analysis step comprises
discriminating between the mass of the differentially labeled oligomer and an unlabeled oligomer
based on the nuclear binding energy of the mass defect labeling moiety,

wherein said oligomer is selected from the group consisting of a protein,

polysaccharide, nucleic acid, and lipid.
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noi ety having two el enments with an atom c nunber from 17 t 044 AnrillZobs
optionally, repeating step (b) fromone to three tinmes with adgltlona
sanpl es, wherein the | abeling noieties have three, four or five el enents,
respectively, with an atom c nunber from17 to 77; (d) mxing the |abeled

ol i goners from stgps (&)t hyou 8 2005. fragnmenti.ng said
| abel ed ol i goner tszgum gr?gr)l%f% elrﬁlzag%éar?ce an%] &a“in% L%Fm swggo?gg%igr%ag%?% C
fragmentation nmethod to produce | abel ed ol i goner fragments; (t) fragnents;

and identi fyi ng &5masé mghat inwmaidarm eathrodsp@idwhgeincaslanas defoel laetliog | goner
(g) determ ning the uenc east two, term nal residues of said

| abel ed“*&5M ¢ g%élls *’rtie& %‘%IétW§&uW § Lf8r?g]e det ermi nati on step
conprises discrimnating bet ween the mass of the | abel ed ol i goner fragnent
and an unl abel ed26) i gi&nﬁéthédmgﬁm}ﬁa@am olimtAsewhertialsei@mdds Qeleqtgateigg gy of
the mass defe abel noi ety, wherein said oligoner is selected fromthe
group CERESILY, FFC’W@“B‘F arz‘if Sﬁ}doql’éPWe“SﬁdF?}ﬁlélccharl de, nucleic acid, and |ipid.

33. The nmethod of claim 32, wherein each of said el enents has an atomc

nunber of from 337t 0 @3netBdd inEocrARicBdthRi ikl 28] Whetdin sWAGHAL Befe@Qibefihe Sai d
el ements has an atomc nunber of from39 to 58. 35. The nethod of claim

32, whdPagent oEwRisesrat daptpna elsment of ataymis apebed? 58m the group consisting of
bronine, iodine, europiumand yttriumand said oligomer is a protein. 36.

The method of clagm 32 ¥t ﬁ'a@ccﬁ@zﬁﬁe Qfith&®ifd 28! @H&Eﬁh%afd%lﬁ‘&leﬁfaﬁlg%&)efe m the

group consi sting of brom ne, iodine, europiumand yttrium an i goner
i's a nwdigemer is Fepuentalby azpmeti bmilemlblxtllcamh@spnvrrtmswrﬁb)each of said
elenents is selected from the group consisting of brom ne, iodine,

eur opi um and vt 5).um A1k i Ll BRTE it tudln ROLKIBRSDATHHSRGAE IRt NOC

for sequencing a portion 0

aliqu otsmd@mass defectos brgoineror mmdmfgandjmm(ﬁ:’(pmdeempms tdmyerisesna yomioh of te

chenol ytic fragmentation thods to produce oligomer fragnents, wherein a

di ffer PSIP?EIS%\%S[%F%EBHH%N@WS‘E}G‘PS appl i ed to each aliquot; (b) contacting a

first aliquot of oligonmer fragnents with a first |abeling '
30. A method in accordance with claim 23, wherein said mass spectrometric

method uses ESI-TOF MS.

31. A method in accordance with claim 29, wherein said mass spectrometric
method uses ESI-TOF MS.

32. A method for sequencing the terminal portion of an oligomer, comprising:

(a) contacting a first sample of said oligomer with a labeling moiety to
covalently attach a label to the terminus of the oligomer and form a labeled oligomer, said
Iabehng moiety having one element with an atomic number from 17 to 77;

(b)  contacting a second sample of said oligomer with a labeling m01ety to
covalently attach a label to a terminus of the oligomer and form a labeled oligomer, said labeling
moiety having two elements with an atomic number from 17 to 77, '

(c)  optionally, repeé.ting step (b) from one to three times with additional
samples, wherein the labeling moieties have three, four or five elements, respectively, with an

-atomic number from 17 to 77;

(d)  mixing the labeled oligomers from steps (a) through (c);
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nnlety to covalently attach said first |abeling noiety to a 5 Fﬁpj@ﬁg of the
oligonmer fragments and 87 18 April 2005 form | abeled oli gorrer ragnents,
said first labeling noiety having one elenment with an atomc nunber from
17°'to 77; (c) optionally contacting the other aliquots of ol i goner

fragments wi th ofher I Ssti.nct noi eti.es_ to cov e tI attach said
di stinct |abeli ngt}rmlfer émp%s?lﬂgal%e%pﬁﬁﬁqm%? U B8 PPUYRHL s and
form | alpsh getcobhgmbngheagittinhahodoipodiics tabeied ohgbﬁﬂrlﬁragmem ety having two
or nore elenents th an.atom c nunber from17 to omlonMIy m Xxi ng
the aliquots of ffﬁnbellélam Vﬁ“ﬁ&ﬁ%ﬁssﬁﬁeﬁﬁﬁ‘éﬁf‘@m’(rﬁopﬂ% %aﬂ) Iabrled ahegmes pect rum
dat a corapesmeddng to said | abel ed oligoner fragments; and (f) determ ning

t he sequence of at least two residues of said |abeled oli gormer, wherein

sai d sequence def@r i daterining hesomsneesefat s cwo famial residbestafisaid labkledmass of
t he d I based on
t he nugpg gbf?iﬁhg ﬁge‘é’%{é%g‘%ggg E@Jﬁﬁ&n%lfss * gtﬁ?g eéns‘%QHEcnr ré\‘/3{?r‘1)’er€"é3|nn sai d
ol i gomélre mgssof thedibetbdfoligombihagient ndconsilztied gligdmer fpigicsi 'tﬂised on the

pol ysacchari.de, nucl eic acid, dlipid. 39. 40. 41. acid. 42.
pol ysact 53 Dging,o &g IHaS&(@E@FHﬁ‘I?‘FE‘é‘gﬁOE?’iY’CI ai m 38, wherein said ol i goner

is alipid. A NRh&eR seid ARERELR RSBV frbn ThAdrBip&nsidhes & dbr@ind ol | gomer is
a protein A met hod in accordance with claim38, wherein said oligoner is
a nucl @plysacchaidggrcicic aid erdiliide with claim 38, wherein said oligomer is a
43. A nethod in accordance with claim 38, wherein said el enents have an '
atom ¢ nunber ofzfro ai m 43,
wherein said el e?rjent ?h;%\r}%tﬁg(ﬁg‘f%?@n%% nunﬁl%CH ro%lgg{e%%as\gg%bﬁ@é A et hod
f or conpaberg fiohe3yel6dt i ve abundances of analytes fromtwo or nore

sanpl es, conprising: 88

- 34, The method of claim 32, wherein each of said elements has an atomic

number of from 39 to 58.

35. ° The method of claim 32, wherein each of said clements is selected from

the group consisting of bromine, iodine, europium and ytirium and said oligomer is a protein.

36. The method of claim 32, wherein each of said elements is selected from
the group consisting of bromine, iodine, europium and yttrium and said oligomer is a nucleic

acid.

37. The method of claim 32, wherein each of said elements is selected from
the group consisting of bromine, iodine, europium and yttrium and said oligomer is a_

polysaccharide.

38. A method for sequencing a portion of an oligomer, compn'éing:

(a)-  fragmenting aliquots of said oligomer using one or more specific
enzymatic or chemolytic ﬁagmentatioﬁ methods to produce oligomer fragments, wherein a
different fragmentation method is applied to each aliquot'

(b)  contacting a first aliquot of ollgomer fragments with a first labeling

m01ety to covalently attach said first labehng moiety to a terminus of the oligomer fragments and
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18 April 2005 (a) contacting the analytes of the first saangAg'h; 0%
| abeling noiety to covalently attach a | abel to the anal ytes and form
| abel ed anal ytes, said | abeling noiety having one element with an atomc
nunber from 17 to 77; (b) contacting the anal ytes of subsequent sanples

wi th |abeli .eties. to coval entl ttach | abels to.the analytes.in each
s o 100h PRl Blifih e deefiy it o et By B Tagions e BBt B e
cont ai muaibepfeintlizanal; el ement with an atomic nunber from 17 to 77; m xing
‘the aliquots of | abel ed analytes; identifying mass spectrum data
correspondi ng t o Fai doPisalheePriaetng theothen Aok iiofigemef fagmentvard® drict rum
dat a t qiglbenmiIAg Mdigics & &ivhbéﬁth?&%é@ﬂ@alﬂ& ﬁ,ﬁtiﬁéttl%ﬁ%%hoﬁﬁésem?ﬁe EAGnPOaLY t es

bet ween the sanples, wherein sdid anal ysis step nprises discrimnating
bet weerplighmenfzgnayts anddoinnlabsledioligoatey fragmes) said distinetiahelidg aoidty haevitgased on
the n 0%?&0?48%%3%55%&0%& é}[%eﬁl%ﬁl fjﬁt]:)%t label ing nol ety, wherein -
said analyte 1s selecte rom‘f e gr oup consi'sting of a protein,

pol ysacchari de, idic| ebgticnailgminglthk alihts dabefedoticbRdr frignee)r dance Wit h
claim 45, wherein said elements have an _atom c nuynber of from35 to 63.
47, A method in AQcor HSRUEING iRess FRGCHITISlA ARBFBIORIEE foisd BhEIF LIRS an
atom c fugieals; #fd from 39 to 58. 48. The nethod of claim45, wherein at
~least a portion of said |labeling noiety of step (a) is a stable isotope of
sai d | abel i ng noi@Bty 6¢temnivipg ths)sequegee afipé leastttive desdues bisard latkledwiigogien sai d
stabl e J : ' s . T f.claimas  furpher c rising
Separ ot VRAHERE st dcenfiniok o TGS Mool Bpenl il HGBlasEBORE S 09 1
sai d aralickslidigemepfrighentsahd af helabeedaiboafer fhghentbasedwhahenicaabiddmgpar at i on

step conpris separat i .at | east a portion of said mxture of |abeled
anal yt eeggrwOgﬁ’gé?arsggﬁg?tégﬁ%g?gmeﬁyonat ography or affinity separation. 89 18

April 2005 52. AwhefeltPdiddlidofePslsbiitBOfBm ROSLEH coMRIsBRYb LA pibicth, TBSS
spectru the nethod conprising the steps of (a) accunul ating a nass
spect r ibEtcchandgpayclaic pat.dedlipidusi ng a nass  spectroneter, wherein the

| abel ed nolecule is |abeled with a | abeling noiety, said |abeling noiety

fgrrg;i_ sing at |e3s! ORGndRSPindelfdes WANRRm A8\ Akt RaidoRBbiie 1S AR T ¥ OM 17

40. A method in accordance with claim 3 8, wherein said oligomer is a protein.

41. A method in accordance with claim 38, wherein said oligomer is a nucleic

acid.

- 42, A method in accordance with claim 38, wherein said oligomer is a

polysaccharide.

43. A method in accordance with claim 38, wherein said elements have an

atomic number of from 35 to 63.

44. A method in accordance with claim 43, wherein said elements have an

atomic number of from 39 to 58.

45. A method for comparing the relative abundances of analytes from two or

more samples, comprising: -
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(b) discrimnating between the mass of the |abeled nol ecul e gndgffpsmass of
an unl abel ed nolecule in said nmass spectrum based on the nucl ear bindi ng
energy of the labeling noiety. 53. The nethod of claim52, wherein said

| abeling noiety conprises at | east one nass defect elenent of atomc

nunber 35 to 63. ,54. The nethod aof cl aj,mJ53, erej.n sai.d | abeling noiety
conprises at |ea? oﬁ@%??gggﬁﬁé‘f‘é&esgfg‘ﬁéﬁ% S?J'?%Hﬁt“ﬂhﬁacla WE&%Y 9 o 58. 55.
The netdaoglemly filach iMabal to Wehlyies Sd fhrmaldiddtehalRis Sdaldl 166¥IRE Inf &y Ahvihgast
one mass defect el enent selected fromthe group consisting of gr om ne,

i odi ne,onggleBpstvAtapRatoniq ymber frem; IfdadrY: 56. The method of cl ai m 55,
wherein sai d masgydef ggk [ :JdoTa) 7 ; :£],al m 55,
wherein said masgb)def ectacg%gﬁn%%al ssg?%&rﬁlg%d%%t S%éﬁle%ﬁgﬁ%%%hggﬁig tlg%g)i m 55,
wher ei reoxgienilymiiach dbéle tot the hrepeest in iegchiraopley avhereothe Tabelinganbisticsofsed Faai m 55,
. wher ei i efect el enent...is.,ipdine. ., 60. The t had of, cl.ai m52,
onor of nogEnfrs AR bR Ehu A Sy B Bhvian el o for 1 &7 o0,

wherein said | ab@)ed nitigoimenlipswtset Igerhnblyesm t he group consisting of a
| abel ed protein, |abeled. oligonucleotide, |abeled oligosaccharide, |abeled

lipid, and |abel & poldsRifymgmasyrrerirndagogeipondins igsyplebeledymdytey andrhe
met hod of claim@d, Waeigkdy SRl Hads 3G Rl % RferRfne B) ﬁﬁ% Sonflikuftelof | & @
menber selected fromthe group consisting of a |abel ed acrylate, [abeled
met hac opF gt wore ofdirpqmelytenpebreen Khetsemplis puhoreis said andlzhestemdcqrapnises de, | abel ed

nitril e ggg[- | e fin, . N of. claim6 wherein
sai d Ig%é"ﬁe 6??8%%%?%% g@é%%hglg |g‘r’Ll gsc éio iuglga%%ggnamg bﬁ%ﬂ?ggh%f claim
52, whemelear Hading alerdadfehetasyekfretihbdingeasibty) abeled with a different

nunber of nmss defect elenents are njxed prior to said accunul ati on of the
nmass spectrum 63’&1@?}1’&% igpelegt ‘BGI,E)GWHEH‘%‘?WS% 4BBBI%d ol i goner is

a | abelpgfisa@hirsiRNMRIc1dié AGMBAY ipigoduced using an enzynmatic, chemolytic or
mass spectronetric fragnentation nmethod. 66. The nethod of claim 65,
wherein said nass _spectroneter fragnentation nethod is selected fromthe
group consi sting4®f i Aadhedda ageordanse withickn ds awhireia seid lemesmts harean

col |'i siy@hit alhb&Yrhios] Hpigaduced di ssoci ati on.

47. A method in accordance with claim 45, wherein said elements have an

atomic number of from 39 to 58.

48.  The method of claim 45 , Wherein at least a portion of said labeling moiety

of step (a) is a stable isotope of said labeling moiety of step (b).
49.  The method of claim 48, wherein said stable isotope is *'Br.

50.  The method of claim 45, further comprising separating at least a portion of

said mixture of labeled analytes prior to said analysis step (d).

51.  The method of claim 50, wherein said separation step comprises
- separating at least a portion of said mixture of labeled analytes by electrophoresis,

chromatography or affinity separation.
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67. The nethod of claim52, wherein several |abeled nolecul ¢gapRiaasWi th a
di fferent nunber of stable isotopes, are m xed prior to said agcurmFation
of the mass spectrum 68. The nmethod of claim67, wherein the stable

I sotope i s independently selected fromthe group consi sting of .isotopes of

H C N 0, d t fcl E$| e stable

i sot ope is |ndep§%den?}dm§i Bglél;ggt ahlg%%m& ‘gﬂgyﬁf %ﬁ Bbm 91 18
Apri | mﬁoﬁﬁ@pﬁkﬁgﬂm&ﬁbwﬁ <110> Schnei der, Luke V. Hall, M chael P. ]
Pet esch, Robert Di scover | nc > Mass fect Label ing for the
Det er mi nat i on of ¢ %wmg@éﬂ?fé g“@l%féi%ﬁ?@ﬂfi @‘%%W40>

PCT/ USGBécAdfatkr, wietdi t1RAMe1ci0ndi8otd AR dbMZ4Rbd 1156 >200Abdfg19 <150>US
60/ 242, 398 <151>2000-10-19 <160>13 <170> Patentln <210> 1 <211> 6

<212> MrOfelysqmprisipg plfleast ene rasy defseieelemerg aving %&towmw ﬁ@m Kfte A7t i fici al

Sequence: t1ue I 151t itk 5EaBRMKALOBH fle LHRA nRURIGE ARRR oran Y <221~

unlabeled molecule in said mass spectrum based on the nuclear binding energy of the labeling

moiety.

53.  The method of claim 52, wherein said labeling moiéty comprises at least -

one mass defect Velernent of atomic number 35 to 63.

54.  The method of claim 53, wherein said labeling moiety comprises at least

one mass defect element of atomic number 39 to 58.

55.  The method of claim 53, wherein said labeling moiety comprises at least

one mass defect element selected from the group consisting of bromine, iodine, europium and

ytirium.
56. The method of claim 55, wherein said mass defect element is europium.
57.  The method of claim 55, wherein said mass defect element is yttrium.
58. ' The method of claim 55, wherein said mass defect element is bromine.
59, The method of claim 55, wherein éaid masé defect element is iodine.
60. The method of claim 52, wherein said labeled molecule is a labeled
‘oligomer; |

61.  The method of claim 60, wherein said labeled oligomer is selected ffom
the group consisting of a labeled protein, labeled oligonucleotide, labeled oligosaccharide,

labeled lipid, and-labeled polymer of synthetic origin.

L
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<223> Xaa = Gy |abeled with 5-brono-3-pyridylacetic acid E%\EF"
<400> 1 Xaa Len Ser Asp Gy Qu 15 1. <210> 2 <211> 5
Artificial Sequence <220> <223> Description of Artificial
Sequence: conpeting 5 residue fal se sequence, top ranked sequence at five

resi dues <220> 21> 22> (1) <223> d.wth

5- br ono- 3- pyr i dyPacet 16° 2§ Ogof alg}mg- R ﬁalqgg%ﬁl P?qy%b%b 6@’ P'8ha Leu
Ser As ps a'mmbar flesied Gndthe g?&linoﬁ@sung 1 2 TabolNA acilads; 1l inhethadlylpgquenc e
<220> i > Description of Artificial Sequence: seq@ence carryln cl one

<213> :

unk nowﬁa nykogyeheled R@@@ﬁﬁﬁrala?eebﬁfﬁwvg‘ée {aheled anrilprubbes.agd dabsled polyolofin.
<211>18 _
63.  The method of claim 60, wherein said labeled oligomer is a labeled
oligonucleotide.

64. The niethod of claim 52, wherein several labeled molecules, each labeled
with a different number of mass defect elements are mixed prior to said accumulation of the

mass spectrum.

65.  The method of claim 60, wherein said labeled oligomer is a labeled
oligomer fragment produced using an enzymatic, chemolytic or mass spectrometric
fragmentation method.

66.  The method of claim 65, wherein said mass spectrometer fragmentation

" method is selected from the group consisting of in-source collision-induced dissociation, and
collision cell collision-induced dissociation.

67. The method of claim 52, wherein several labeled molecules, each with.a
different number of stable isotopes, are mixed prior to said accumulation of the mass spectrum.

68.  The method of claim 67, wherein the stable isotope is independently
selected from the group consisting of isotopes of H, C, N, O, Cl, Br, and S. |

69.  The method of claim 67, wherein the stable isotope is independently |

selected from "°Br and *'Br.
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orlgln of repllcat|on pri mer | abel ed at the 5" end wth ribosyl

"<220> . <223> Description of Artificial Sequence:ML3 origin of

ntgttgcagc agcactga 18 <210> 5 «211> 12 <212> DNA <213>. Artifici al

Sequence <220> <223> Description of Art|f|C|aI'Sequence DNA “f F-agment  fr on

mass | adder produced by chai n sEeteNchatisTmwc<400> 5 caaf
6 <211> 11 <212> DNA <213> Artificial Sequence ur_~

<110> Schneider, Luke V.
Hall, Michael P.
Petesch, Robert
Target Discovery, Inc.
A,
‘ <120> Mass Defect Labeling for the Determination of Oligomer
Sequences

<130> 020444-000710PC

<140> PCT/US01/49951
<141> 2001-10-19

<150> US 60/242,165
<151> 2000-10-19

e
5
i

<150> US 60/242,398
<151> 2000-10-19

<
G

<160> 13
<170> PatentIn Ver. 2.1

«210> 1

<211> 6

<212> PRT

«213> Artificial Sequence

<220> -
<223> Description of Artificial Sequence:true N-terminal
horse apomyoglobin {Myo) secuence

<220>

<221> MOD_RES

<222> (1)

<223> Xaa = @ly labeled with S-bromo-3-pyridylacetic
- acid (5-Br-3-PAR)

<400> 1
Xaa Leu Ser Asp Gly Glu
1 5

<210> 2

<211> 5

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:competing 5
residue false seqguence, top ranked sequence at
five residues

<220>

<221> MOD_RES

<222> {1)

<223> Xaa = Gly labeled with 5-bromo-3-pyridylacetic
acid (5-Br-3-PAA)

AVENDED S2EET

<to 12 i

'

2005 0

<2103

adenosi ne
replication
primer |abeled at the 5° end with 49 ribosyl adenosine P6QI1I15 30 <400> 4

n

A/




<220> <223> Description of Artificial Sequence DNA fragnenq ﬂﬁgﬁ%
| adder produced by chain term nation <400> 6 caatgtcctt t <3f8 <211>
.10 <212> DNA <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: DNA fragnent from mass | adder produced by chain

term nation <400> 7 caatgtcctt <210> 8 <211> 5 <212> PRT <213>
Artificial Sequence <220> <223> Descriptlon of A ti f iicidl - 2

Sequenc eting 5 resi due fal se sequence, top rank nee at five
resi duegz&(ig 2eB 28 Yeks€U Ser Asp Trp .1 5 <210> 9 <2;€Lﬁgﬁ)’&ﬂ2> PRT <213>
Artificia Sequence <220> .<223> Description of Artificial Sequence:true
N-term nal horse aponyogLobin (Myo) sequence <400> 9 Ay Leu Ser Asp Ay

Au 15
<210> 3
<211s 30 ‘
<212> DNA : ¥
<213»> Artificial Sequence

<220 _ Y
<223> Description of Artificial Seguence: sequence '
carrying cloned unknown DNA sequence

<400> 3

teagtgetge tgeaacatgt tacaggaaat 30
& <210> 4
BT <211> 18

<212> DNA

<213> Artificial Seguence

<220>

<221> modified base

<222> (1) -

<223> n = ribosyl adenosine

<2205 .

<223> Description of Combined DNA/RNA Molecule:M13
origin of replication primer labeled at the 5' end
with ribosyl adenoszine

<220>
<223> Degcription of Artificial Sequence:M13 origin of
replication primer labeled at the 5' end with
T ribosyl adenosine

<400 4
ntgttgcage agcactga 18

<210> 5

<211> 12

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:DNA fragment
from wass ladder produced by chain termination

1

<400> §
caatgtcectt ta 12

<2105 g

<211i> 11

<212> DNA l
<213> Artificial Sequence



\
k)

1 <210> 10 <211> 12 <212> DNA <213> Artificial Sequence <22q§Pgﬁ%%ﬁ%o 400>

Description of Artificial Sequence:cloned unknown DNA sequenc
10 gttacaggaa at 12 3 18 April 2005 <210> 11 <211> 12 <212> DNA <213>
Artificial Sequence <220> <223> Description of Artificial Sequence;
sequence determi ned from mass spectral data analysis <400> 11 atttcctgta
ac <210> 12 <211> 6 <212> PRT <213>-Arti f-i ci-ak: Sequence k2202 1 <223>
Description of Artificial Sequence:true ubiquitin Nterm nal sequence
<400> %20t @ n Ile Phe Val Lys 1 5 <210> 13 <21£E¥%ﬂ€%gf?> PRT

<223> Description of BArtificial Sequence:DNA fragment _

from mass ladder produced by chain termination :

<400> 6
caatgtcctt t _ 131

<210> 7

<211> 10

<212> DNA .
<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence:DNA fragment
from mass ladder produced by chain termination

ﬂ%h <400> 7
* caatgtockt , ©o10

<210> 8

<211> 5

<212> PRT

<213> Artificial Sequence

<220> -

<223> Description of Artificial Sequence:bompeting 5
residue false sequence, top ranked sequence at
five residues

<400> 8
Gly Leu Ser Asp Trp
1 5

<210> 9

<21l> &

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:true N-terminal
horse apomyoglobin {Myo) seguence

<400> 9
Gly Leu Ser Asp Gly Glu
i 5

<210> 10

<211> 12

‘<212> DNA

<213»> Artificial Sequence

S <220>

<223> Description of Artificial Sequence:cloned unknown
DNA sequence

<400> 10
gttacaggaa at 12



<213> Artificial Sequence <220> <223> Description of Artifigialyogq
Sequence: first ranked conpeting possibility at fifth residue <Z’bb> f3 Met
.G4nlle The Arg 15 12 4 .

<210> 11 _ . | | IPEZ}/US

<211 12
<212> DNA
<213> Artificial Sequence

<220
<223> Description of Artificial Sequence:sequence
determined from mass spectral data analysis : : s

<400> 11 .
atttcectgta ac 12 A"

<210> 12
<211> 6
<212> PRT
<213> Artificial Sequence

£ <2205
<223> Description of Artificial Sequence:true ubiquitin
N-terminal sequence

<400 12
Met Gla Ile Phe Val Lys
1 5

<210> 13

<21i> 5

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:first ranked
competing possibility at fifth residue

<400> 13
. Met Gln Ile Phe Arg
1 5



