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BACKGROUND OF THE INVENTION

. Many molecules are fragmented by chemical, electrical (electroh beam or field:
20 induced COlllSlOl‘lS with neutral gas moleculés), or 0ptxcal (exc1mer lasers) means in mass -
spcctrometers so that the masses of the resulting labeled ion fragments can be used to 1dent1fy
or reconstruct the original molecule. In other instances molecules may coelute from
’ :Séparatiﬁ'ﬁ p‘roceéses_ fo be further distinguished.by-mass spectrometry. In some instances a-
label is attached 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, éln_:a&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. However, 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.
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or ot o 1 eugHORGo! EERS Gahdiy nalnaf kST et FRBHEESm s 150
(1972); aiplsaldr mokdvyp Bl SGntdn Fzysimd @dlision2indd4ed- d&b&laﬁaﬁmahe idatay, in:
Met hods in EnzynDIog 25:121-137 (1972); Schroeder, in: thods I n

Enzynol ot @mamsézdlﬁquralngIqm eanghsrused foselebie prrtid eﬁ%amw%’é And
Mol ecul gy : & LASSTm the:  Met hods
in Enzymal @S;S'/ ?gdé’g‘l’cg‘?g)g %‘{Qﬁ&%ﬁl’ﬁmﬁ}%ﬁ%g é*% "CBN % ett. . 357:65-69
(1998) . quadrapole MS unit (see, Mark; J. ibid.; Mann, M., paper presented at the IBC Protcomlcs
conference, Boston, MA (Nov 10-11, 1997); and B:eman, Methods m--Enzymology, -1-93.455-_
479 (1990)), capillary electrophoretic separation coupled to ES-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)). |
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_ polymerase chain reactlon (PCR) method to syntheSIze the ladder of DNA fragments (see,
25 Nakamaye et al Nuc Aczds Res 16(21) 9947 9959 (1988)) Mass spectrometnc methods
have been developed for more rapid and multxplexed separatton and 1dent1ﬁcat|on of the 71
DNA ladders, as described by Koster, U.S. ‘Patent Nos. 5 ,691,141 and 6,194, 144 Monforte et
al. U.S. Patent No. 5,700,642, and Butler, et al. U.S. Patent No. 6,090,558. In thes_e methods_ '
the nuclelc acid fragments are introdueed Simultaneduely' into the mass speettbmeter and the
- 30 sequence or numbet of “short fandem repeats” are deduced from the mass diff"erenc'e‘s*:' N
between individual elements of the synthesized mass fragment ladder. As descnbed by
Koster U.S. Patent No. 6,194,144, it is both poss.ible and desirable to sequenee-seve_ral

nucleic acids simultaneously in pai‘ellel by differentially-Jabeling the nucleic acid fragments
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individual components of combmatorlal]y-synthesmcd chemtcal ltbranes by Sugannan et al.
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mass spectroneters. The resol ution of mass spectroneters depends ‘on the
mass range and i's Whanr thrktale droatpesiof @, Nand © peinchidetl irothe cRloulagrastliee, .

PR GBon SR of e e o) sy BeR e B SR d g Rt IS M at o

a1 787 e Bt R R Gl Qe i b ok SR DRI S el oo

940 ) ti Gt at 108 Schm dt et
o (e e B e o b el ons 5 can
be di stigehishedy.t A9 MeDvERli rddy 8 RE BpBRAGses T oRKBIPAfy, theimabPdGicsOt Opic -

-mass of a _

~introduced even with rhultip’le fluorines rapidly becomes indistinguiéh_abic amorll_g‘:_th_e‘defccts_ =

of the other heteroatoms and stable isbtoﬁes-. 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 .
‘-'com;.)lex_ mass spectral data has been previously described for complex ‘mixtures of small _
molecules, (see Stein, S; E., “An'integrated method for spectrum extraction and coriipound
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, -



pol yfluorinated aryl tag with a maxi mum stoichionetry of Copp b,ﬁzgégctly
166. 992015 amu. The nonoi sotopic mass of the closest hydrocarbon is

167. 179975, which corresponds to a stoichionetry of Cl2H23 and an easily
resiol vabl e wassoadpHf erence of about 1125. ppm The nass ofcii@Fdddi mum
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part nment Commer c her sbur g, parti cul when coupl ed
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Apr|I 20Q3g %\ﬁgg}g}( 066952 PCT/ US01/ 49951 these techni ques have not been
applied to opol yner (e.g., protein, nucleic acid, and pol ysacchari de)
fragmentation specPaspa:dés)Hiavte h%rﬂﬂlﬁeﬂ@&ﬁtlﬁiev&ﬁqtleﬂeﬁoﬁﬁe‘dlid’ﬂafg'étgrﬁfps I'n-fact,
t hese net @éﬁ%t %al?&); attenpt to identify the intact chem cal species and.
general | y? Elet H PP A HENt O CA RUTINIOAS AiReRE WSSPIBRIM Ride they
- beenagouplgshidi dEﬁ\%tlbge@Haﬁdc%ﬁEﬂlégrbf et lé‘r%gelhaqiip'egm&mh@sg gﬂﬁ:aggﬁ')t ai ning
uni que mass tags. Extending the concept .of sinplifying spect-rum of "
a pepti déormgation ﬁﬁ'lclstd%n@f1abfd¢tbveg§d¢$om&nm%lon@@mi@ﬁ&cd@npteietdferspcceﬁm nus of

t he pept 'ﬁqgmerﬂtlgnesenes R ¢ mlmmal unfavorable label fragmentatxon Zaia (m Proteiriand

Peptide Analysis by Mass Spectromeny, ILR. 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 derlvatwes ‘Moreover, it has
| been reported that substituted pyndmlum derivatives are usefui m hlgh-energy CID. See,
Bures, EJ., et al., Anal. Biochem. 224 364-372 (1995) and Aebersold R, et 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 proteormcs 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 predncted genomic sequence (see, Shevchenko, A., ef al., Proc. Natl.
Acad. Sci. (USA), 93:14440-14445 (1996)). Moreover, alttiough unambiguous pretein

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



demonstrated that attaching a hard positive charge to the N?gg A J06%
directs the production of a conplete series of N-term nal ment i ons
froma parent tide in ClD experinments 10 regardl ess of the presence or
absence of¥ H§§?¥ residue at the N-terninus. See, Johnsoﬁ,T’Uﬁ!ﬁé‘.@-‘let al .,
Mass Spectrom Ion Processes, 86:137-154 (1988); Vath, J.E., et al.
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I denti fi on the
mcs. accHPat g ek PraRb AP AT RICL Bt T SRR Rein Wil bR, T, |
usef ul naaSssdi‘ngﬁrp&ﬁtemfISW&kddubﬂc&ﬁg mblvedstuad etvbhBiicosfloanof more PSIpwfr i ng
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MS/MS 1nstrument O N
2.5 ‘ 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 tha thepre_tlcal_ sequenc_es determined from genomic databases.
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 degéneratéd as thc_

30 - size of the comparative theoretiéal_pept,ide mass database incre_ased. Lietal, ibid., also
reported that they were only able fq obt_a_i._ri peptide maps for the highest abundance -protain; in
the gel because of sensitivity limitations of the MS, even though their matrix aasistﬁd laser
desor-pt—ian 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



25:143-154 (1972) and G oss, E., in: Methods in Enzynol ., l;sggﬁngﬁg (1967)
prior to sequencing. In addition, previously described MS | adder
sequencing algorithnms fail on 10 proteins because the abundance of peptide
fragnments gaemerased during CID of such |arge nolecul es a““?ﬁﬁ?ﬁh&kiy to
identify an appropriate parent ion to initiate the sequence effectively
obscure the nmass | adder. Two basic strategi es have been proposed for the M
i dent i fi @4l improys thssprediand lovggrites cashef protsemigs aeseanh f Sioriladly pasaiesribedrbx t ur e:

1) mass ! i rinti ! 1 ingerprinting' ) .(see, Janes, P., et
2l "5 bl 1 RO oh el B e dBRE B S oheitE S e R ot
al ., AnakpecBbmeteesincreddod 1BOTmd B (ckOOBNycleiamid Bgqueinge IgipREifyfthene or nore
pepti de ﬁomai ns g%/ I\/E/ l\/’?él&FT M5/ M5 sequenci ng'@%see, Mann, M, paper presented
at the PEEBIREOLARILY of fhmpssseestomsiarge {Réiplepgrotein, nydggyeidwy | m M,
et als, tHcCharid3 (R RS s4f8ndel 896 aidnEha i,  orShecitic ionsX

262: 8992 (1993)): NS fi néqglrpri %’E%?%]eg@?s A8 fupalaildiors ec%cclﬁp%ﬁ;é%%gsuri ng
t he nass@dlepmiiaied &og uehsladquganiemeternk Hassonsidpnable atlitytaver exitipg stetlafdst he
intact protein an ' . e f.or pown protein wth that
pepti de nass finSE? r?%%%nﬁgﬁwg%%%g%%ﬁgﬁﬁgm?ﬁé%lves actual determ nation
of one or nore PSTs of the protein by generation of sequence-specific
fragnmentation ions in the quadrapole of an MS/ M5 instrunent. 25 Cl auser et
al., Proc. Natl. Acad. Sci. (USA), 92:5072-5076 (1995), have suggested

thatiproteins can only be goamiazest YHERWENTEON h ough the
determ nation of PSTs that allow reference to the theoretical sequences

det.erm ned from genomi c databases. - Li et at, Electrophoresis, 18:391-402
(1997) appear -t o. hehegrgseovierentioh pravsdsithd applioatiohi of changdefédo ddbelinpetorael i abl e -

identifi i f-individugl proteins b f.i ngerprinting.degenerated as
the 30 s\?gitg vg'fq_et? ﬁgmgoeﬁ%iﬁ‘ag F?Fglse[thgg}ezlﬁ%z?:}/ﬁﬁéﬁ‘fqgﬂﬁ'? aag]t‘%%gélé“i‘%cr eased.
Li et ateither tih@ourcell &@ollistyrOintindd tltadciith@yo MR QigdRleY it Rdiaporedhai N pepti de

maps 5for t he hi ghest abundance proteins in the gel because of sensitivity
Ii mi Pat i Bfkodpreigentiply chmanntesibrrpsd dordhe chemicaleynibesisefodigpmeriragmpatsor pt i on

MALDI T i j I nsit.lwvity
over progispe Y uEBEa b RARSiEBLRN, dobd Pt LK MRl TP S ARDL)

pr ot ei n Bugubea piasent methnus guesdelBighprrer seqd0NGng/ine2thaGHOE gniRCtIYTOR40951
will inptove the speed.and.|l ower t 0 of proteomcs research.
Similarl ‘;rr/‘?m g“s" t%%sc@?%%a&’?%‘g‘fm%wg%}laﬁ?‘ffes‘f&“reé‘b%{g%ff S8 ﬁ[?aﬁa-amlrefi@ﬁ &t i-on- of
nucl ei ¢ iaprd@mehi ler hOrSQANEMIINALL1igBMRP sdijichds appPHeRds! QIFRLEMB/MSNCT eases

the time and cost of nucleic acid sequencing. Tnproving the "discrimnation
abi 114 y S5RUenRiBS 9hreptiden Sepgrend PCRsgavenchiv byrrass spickopeioy Gisdescribed by ¢ aci d,

5 polys L _ et ' ' rallel, or
epoci 11 counahdButict iy e ERACRESE, GRS MRS R RAABRfereF o
mat er i aland Raskbohdi Beradlolvéngrn ihireysedmembexofshmplys rebdwealancodshe present

dinvention proyi.des sych nethods. ... L L
i proc%sse}f in paral?elf. Pncreasmg- tﬁc ability to distinquish a larger number of tags in a single

mass spectrum allows larger combinatorial libraries to be synthesized or sc—reened.._Mqré(')ver, .

25 .becau§c_thc oligomers being sequenced are highly fragmented using the present métﬁdds, the -
ionization efficiency and the volatility of the resulting frégmcnt;s;ané higher than .thos\:c 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 dligome-r with a labeling moiety to covalently attacha .'

label to the terminus of the oligomer and form: a labeled oligomer, the Iabeﬁng moiéty
comprising at least one element having 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



10 SUMVARY OF THE | NVENTI ON The present invention provides tl@ﬁ ﬁlp%dr?iscati on
of mass defect labeling to a wde variety of nolecul es. Becauge e

nmet hods of the invention can be applied to during either "in-source" or
collision induced dissociation of the oligoner in a quadrapole, the 15

met hod preferentially elimnates the need for the chem cal synthesis of

ol igoner fragnents (e.g., chenolytic or enzymatic digestion, or Sanger or
PCR sequencing fragment synthesis). Thus, the present nethods provide

obt a1 mabl o s MRS Beled o el Ll b A R e
i pr ov enERECTEPETIC fpgracnitiny Brthpdairodyks brlet olizemerdmeinergs;appr oaches, such as
M5/ M5 20 sequeReiigds; i S ik ,
spectrorretrg ‘(etgz Kgibgtsng];nigﬁgr%géb%@&?oster grﬁ%@But%rsgiggugPﬁ)ﬁhgﬂ]gy% ygtg’cchari de
sequenci ﬁ@das descri bed by Rademacher et al. and Parekh et al. By allow ng
an increased Ry mRin hEshed F PR si'hﬂiﬁehﬁﬂﬁ?éér‘dh sonﬁi?fa%agc?gigiﬁerlpar al l'el .
Increasing the ability to istian|sﬁ a larger number of tags I'n a’single
mass spec‘,’fq‘teifﬁi said| sequsndedieigeninativrisien seroprised discrimintingletwesn the masnefithsi zed or
screened. BRI ' [ hi ghly

f ragnent é%ﬂé’ﬁglﬁn tef]gggg?éggﬁﬂ?ﬁ %ﬁaﬁ%ﬁs}{ﬂg?ﬂgﬁﬁﬁgﬁggkﬁl%ﬁ&gg Pﬁ%?gﬁlg@gand t he
vol ati | i €hersx Ofttgﬁem?séétfP‘{tilaﬂ?gﬁlfgr@d%m@r@r widylighmer is $eiaqted fromehagronthe  par ent
ol | JOMer cokstify biaFAE, JofReARMEGRLRR AN I LY Lhat is |mproved over
other nethods. In one aspect, the present Invention provides a method

f or sequenci ngItonetzaquiiof embadimentsowhertin ghe adigpmermy bon protdin peptidecompréisi ng: 30
(a) cont aG iHaGheatl thad il B &mpykd:h @ labeling noiety to covalently attach a
| abel to the term nuS of the \(%I-QOITEI‘ and forma | abel ed oligoner, the

| abel i ng noi et y ideabiypeiths prejeintor gema by ugnpthe bagnenat ofthevat igpstawo &roinine nuhnber
from 17 iddderto WM (elVA j enents is other
han v Fiddo %Eﬁf)cgé’ﬁég’?beg;s%ﬁ%g? ﬁg'ﬂgdf‘%gdsng?feégg%{eg'?eﬁg‘{%%‘18 April 2005 (b)
fragmenti ng sHiaperendabrsel. B pryemb invention groaideenmsthert focsequdmeinp b porition of  mass
spect r oM} giigomby @ATBRGAE AR TE B dRaREAGHGS: | abel ed ol i gomer fragment s;
(c) identifyi n? a mass spectrum @ata'corr spondi ng to said | ebel ed oligoner
fragments; antt) peffacties e pligemegmidiec with o ersedefict labelibgmoietst twgotabntiy nal

ot op Com B R B L e M S SR AR AR ST o
frag nen'[rf?l&iﬁ'ﬂeaéﬁidw%&céldb@mg qoiebr compaising attledstmie diemantthaeing arcdteraic  bi ndi ng
ener gy ofuifienbRgs wfHef ect | abeling noiety, wherein said oligomer is _

sel ected fromthe group consisting of a protein, polysaccharide, nucleic
acid, and |i pibisepptingriadiyidunl faboled ehgsoursie mid labslbrerligomert thistupd, i gorrer nay be a
protein, peptj ; i i ..t : . X
SRR A b b e v R L
term nusan

(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



resi dues to search predicted sequences from a database of gﬁgﬁﬁﬁgﬂpgnce
data. In a second aspect, the present invention provides a 0 r
sequencing a portion of an oligomer in an oligonmer mxture, said nmethod
conprising: (a) contacting the oligoner mxture with a mass defect | abeling
noiety to covalently attach the nass defect |abeling noeity to a term nus
of said oligoner and forma | abeled oligoner mxture, said nmass defect

| abel i ng HSeBgidcedlpidsi ng at | east one el ement having an atonic nunber

from17 t frufidus réheSH E_@ﬁl@iﬁjﬂﬂﬁ v@itlﬂqi s¥1§a§j&ﬁ%h cbARBRIEGr B iagé?waﬁ@teinrén& ﬁf.e_d | abel ed
fying a mass spectrum data corresponding to

ol i gonmer m xture, (c) identi ! )
‘sai d i ndi RFP@IRdermingp regipnof thy sfasence fhgarch preditsf proteiysegegngesfessa daiabeser um dat a
t o deter npmend ReueaeA4@Nce of at least two termnus residues of said

ol i gomer, wherein said analysis _step conprises discrimnating between the
mass of the |TAB&NERseact e wEsscrd maentiengrvidser egthod f@é‘ﬁ'&tm‘hé@é%m@ﬁﬂt he

nucl ear mnaghiaefmﬁ%(gﬁ(erg&viﬁ pluldBS St A8h&Hdrs, sl flethbd SR Ring: Wherein said
oligomer is selected fromthe group consisting of a protein,

pol ysacchar i de(® gentertingisid qligomasvith o defag ladelingrepgestdp differeatiatydabs! r esi dues
i n conbi napbRMmbhdnktrPand ARGHBIH ARn6AAS S @bicoh diRRnliARLRLRILLALN and the
protein term nus |location of the sequence to search predicted protein

sequencesCofPHiNgR Bay dpfaetdabeling mesify. whsitin te eagpdefect labeling rageny compsisesat t he
present ilexescieRieRaVihg 8SatdmtBLA8Y JF AbmI 401 MaSs sRE dineidQp anal ysis of
an oligoner having a plurality of nononmers, said nmethod conprising: (a)
cont act i RYOPEPS0l i gomer with a mass defect |abeling reagent to
differentially |abel exposed nononers and unexposed nonomers and produce a
differentially |abeled oligomer conprising a nmass defect |abeling noeity,
wherein the mass defect | abeling reagent conprises at |east one el enent
havi ng an atom c nunber of from17 to 77 that is other than sulfur or
phosphorus; 10a 18 April 2005 (b) identifying a mass spectrum dat a
corresponding to said differentially | abeled oligomer; and (c) anal yzing
said mass spectrumdata to determ ne sequences of said oligoner that are
exposed in the three-di nensional structure and sequences of said oligoner
that are unexposed in the three-dinensional structure, wherein said

anal ysis step conprises discrimnating between the nass of the
differentially |abeled oligonmer and an unl abel ed ol i goner based on the

nucl ear
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bi ndi ng ener gy of the mass defect |abeling noi ety, wherein qgl gipidcgomer IS
selected fromthe group consisting of a protein, polysaccharide, nucleic
acid, and lipid. In a fourth aspect, the present invention provides a

met hod for sequencing the termnal portion of an oligoner, conprising: (a) .
contacting a first sanple of said oligoner with a |abeling noiety to
covalently attach a | abel to the term nus of the oligonmer and forma

| abel ed ol i goner, sai d | abel i ng noi ety having one elenment with an atonic
nunber from 17 §0d77 b) contacting a second sanple of said oligoner with
a label i ng noi &y ?HSTY‘%%I&FS@ﬁl@chwrafi@taeqwreapqnébeuo 01 difftrentiallylabeled t he

ol i gonmer &lipdmeOai a | abel ed oligoner, said | abeling noiety having two

el enents with atom ¢ nunber from 17 to 77; (c) optionally, repeating
step (b) from an3lyingsridanass specirupy dagn @d#M1mahuemawhm911Mefmhtraret he

| abel i ng expbsetl iratfe MAXRIhEHRSaI sf ectively, wth an
atomc nu %r froer:n 17 10 ?7; al(s Wﬁ? %dnsfeh% o 0? Olﬁoglf:’i B%ﬁﬁer“é‘e?pr%%‘%t eps

(a) t hr oughleEyiimqnsiong] r*‘é@fﬁﬁﬁtwhﬁ@lrssa:d@nalabemadcommg@ riseSmiastinpdheaite@hey mat i c,

chenol yt i Bas©6f thé@ﬂ’éreﬁtﬁkﬂl?ﬁsz@ﬁ@%ﬁéoﬁwt m%%ﬂfa@&«l:@a omer d dto(l)l gr Odéce | abel ed
ol i gomer fr ment s tiq identifying a mass spec d TM&SHondi ng to
said | abe ‘éé‘%&“FrgﬁPﬁ Fma‘fsrdﬁ@ﬁﬂf*heémg mpidty( Bhercietsaid MIgwmglstsé‘lecté‘cEtﬂﬂﬁEﬂﬁe of at

| east t werduprcoihsivtihg 6€5preeRSpdN sa&Bhiflle! ARRIELia Q41 PATEr fragnents, wherein
sai d sequence determ nation step conprises élfscrl mnating between the nass

of the | abel ednaltb@ar®pect, HagGFBRA: iARHHN brvIIRRGh R IThd ngéln%g&%mgl based

on the nuclear bi ndi ng energy of the mass defect | abeling rety, wherein
said oli g%’t’ité‘%"c’i ang 'ég"é“t?féamf"f*%ﬁ*ﬁ the group consisting of a protein,

pol ysaccharide, nygl ei go @Gty o BRHsAL &)ﬁ)é &sa&ijah%(?raMLMalgboe 20 i g./tfl fth

aspect, the present invention provides a for sequencing a portlon of
an oli gﬁf@kﬂtlbﬁﬁﬁ‘%i‘@#ﬁdﬁ’ ﬂ?(eéisﬂnﬁm'agﬁﬁﬂnphmgnalan@]&mm lt_h‘elegalxgbxmdu g@ner using

one or Nb&ingRefdd: hivin e biRich ]Mh ation nethods to
o fhtin mg‘?@fﬁ%&{{% erent %%

produce ol i gomer fragnents, gnentation nmethod is
applied to each afquotontachys cenewlorinply of sfiil pligonsr ivith e flabolingrhoigyner

f t iy Aeadtl £ Bbell eS|
r agnent covle tiy@t 1i 4 Bb lt&b&hhﬁgs mh@& | gonerfﬁitn?malbé(le@&ﬁg%ﬁr%r ?:ﬁa‘ljab %[gzl od

Iabellng noj to a termnus of theo ragnents -a ormra

ol i gomrer F"reﬁ' ing 5o dgpepts Vit an dtamismupgended Y thEvi ng one el ement with an
atom ¢ nunber fran 17ptenalif, repeating 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);

{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 labeled 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 groups consisting of a protcm

. polysaccharide, nucleic acid, and lipid.
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(c) optionally contacting the other aliquots of oligoner frqgg&gpltfooy th

other distinct labeling noieties to covalently attach said diStinc

| abeling noieties to the termni of the oligoner fragnents and form

| abel ed ol i goner fragnments, said distinct |abeling noiety having two or
nore elements with an atom c nunber from17 to 77; (d) optionally m xing
~the aliquots of |abeled oligoner fragnents; (e) identifying a nmass spectrum
data corresponding to said | abel ed oligomer fragnments; and (0O determ ning
t he sequence of at |east two residues of said | abeled oligoner, wherein
sai d sequeacEthASieBl e i . ' [ i.m natina between the mass of
the |l .abel ed ol] S%rr%{rne? &égglrtreﬁltr‘{f&glog%gm Eadr?§gmeglggfogégagﬁ%n@r?&rop?% \zgjlgarr%nt based on
t he %@F@a‘f‘mﬁ%’fﬁ’&ﬂhg energy of the mass defect |abeling noiety, wherein
said oligoner, is f}%l ected fromthe group consisting of a protein,

pol ysacchari d® nJfsgcptngaliguotsefsaidiqligepmenusing ong srmpprassefe, t he present

I NV entynmitic pr chedfic FrapRbdaibnnhda® RLARE ofiddfel BhAbdniEwnqgdances of
anald?(%es fromtwo or nore sa%tI@es, conprising: (a) -contacting the anal ytes

of SETEt fizgmentapon methods appfieeieachalidittet y to covalently attach a | abel to

the anal ytes @nd fwﬁmdngbﬁradu?aﬁabw@sm Isfhehi@ Rethla gkt iBEIGLy having one
. el enent mt rom1l7 to 77; ( contacting the anal ytes of

h an_at om c. hunber 1 7, (b (
subSEYTE R0 %Eﬁ’iﬂyé’ﬁaéﬂ ‘?L}Q‘B@Hel‘?ﬁgmﬁ'ﬁfyéﬁ P&!ﬂ#@s.oﬁg@%}rgew fagareptsand | abel s to
the analytes in each sanple, wherein the | abeling noieties used for each
subslequ tabeled aligsiner Gegriaits) sad fimtidb¢lingmadicts hevimninewl dninanitaboabmiaunber from

17 tQuiblr frork }xi ng the aliquots of |abeled analytes; (d) identifying
nmass spe%:t?u(rin)]ggé corresponding to said | abel ed anal ytes; and (e)

anal yzi ng sai &) masptispaivicontataigite dtherdiiqenay fvdgdone fraginaits withabiendances of
118 d&finbRinding HORIONS OludlY Suldh shill i MRANLAS, RELICN NG, SATRLES, wherein
said anal ysi s step conprise 'SCrim nating betwean the naes t he

| abelligemerifeaeyenis asthtpra rbaletl aligsined fmpakyts, eeid distokt dbekitpmointydizeiag  bi ndi ng

enern@y oPhote entBeSvif S8t dmik e BOP} £ty Wherein said analyte is selected

fromthe group consisting of a protein,. ’polysaccharide, nucl eic acid, and
i pid. .In a s@entdptioraligotixing the aliqedeeftlaticindeatgiroe fpgovatstes a net hod of

i dentifying abelad il e ot .hod_conpri si ng
the steps of c%’;l) accu%‘Fg;trlﬁ%S%C{Ing?gdagg%%figﬁﬁﬁ%%Mghﬂdé%g}cgﬁhﬁ%ﬁlgcul e using a
rras@ag@ﬁ‘&%itaﬂérret er, wherein the | abeled nolecule is |abeled with a | abeling

moi ety, said (gabe |dla@9rﬁnmgiﬂ?cts¥1&9£@5fja§ 1624 tR JsfaSlor QA 1BRT ofifiGE! €l ement
havi ng an atom c nunber from1l7 to 77, :
erein said sequence determining step comprises discriminating 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
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(b) discrimnating between the nmass of the | abel ed nnlecule1§$§mt 5TBSS of
-an unl abel ed nol ecule in said nass spectrum based on the nucl®ar Dbi ndi ng
energy of the |abeling noiety. Another enbodiment nmay relate to, the
nmethod can be applied to quantitative determ nation of |abeled

bi onol ecul es from m xtures, the nethod may conprise: (a) contacting the

bi onol ecul es obtained fromone sanple with a labeling noiety to covalently

at t ach °&¢ pabe of the windyt levake titlsaiplad) htRMBR habsl 84 & p;p%ecule m xture, -
contactd';sg‘gﬂihgﬁlfg r&%@g set ofgfgilgml ecul es obtained fromat least one other
sanple with a el O e s et ng clednalvies and anyindabelpd anafistdsed on tibe

bi ono| Beelrebinding chagywiahd mbeliemchiten®y @silye, the first labeling noiety.
conprising at | st.one el ement _havi ng an atom c nunber from 17 to 77,  and
each successive I aberts itpfdlected fiom b myupponsigingrof apenteindi t i onal el ement
havi ngpelysagtheriile nuikibedid, ahd B§R17 to 77; with the proviso that said el ements
are ot her thaIn sulf‘ll;r or phosphorus; and the bionol ecul e contains no

el ements in ig seenthaspectothh arekd@indtntdh MR n 17 and 77 with
the excapdib@n gk nﬁkgséycrtmort phogphor us; ?( be‘ m&'ﬁ?{ﬁ%d ‘?ﬁ‘gee\ﬁﬁ}%f%ear%‘ﬁ?ﬁ ally

| abel ed bi onol ecul e arrp?“e%' ol cHBr'sewitheweps o c) optional |y separating

t he bi onol ecul e Bl ns,. and (c). anal yzing the
di fferentgﬁ}ll | v ;a)?eé? AL agsrcg&rg‘gedsa‘g‘[}?ﬂggg’ﬁ;?s‘"°3‘68’%t“.)s’6ﬁéﬁ% met hod to
t

det er MM TTRf! g heritbielet exwlegile fhebalaidyith allalbdling, alordey; daibipamiecul es or

| abel s molctypooatbritin® B0 188i dhe a0 oppl ecul es. Stil] another enbodi nent
may relate to, tﬁr;e,rrethog of %E%g?}%%%"?%ﬁ%“a P Bfbsriftost 12,77 t he met hod
1

may conpri se: disgripygating betyosn ieindss off tht bibsledxrblochld @At RYss behate to, the

met hodurdébetd eadicilg icQdth ' ' I, the . nethod mmy conprise: (a)
cont aclrhi)fg% t he synt1 het i cﬂgt%%& ﬂggléb%c?hgg{ ?‘ E%C%EWSWEF“‘FSY pHBRlabeling: he

chem ca focess to which the synthetic surface is (or will be) exposed
and form a Habbrahtsyintehietiyretelrs, AAmethdfoah Bappl RS %mi%%@?” sing at |east

one el gp@MindidNL, atom c nunber. from 17 to /7, optionally
contacting the sgﬁ'ﬁ%gﬁ“’é“" ?ﬂ‘]ﬁﬁggm\m‘iﬂ?‘ireé=d€"c@§tb¢dl@anCaglpr'mmorrer s to identify

subsequent éﬁéﬂﬁt@&hgﬂlﬂbbﬁmkcﬂéﬁﬂﬁaiﬁeﬁﬂﬂﬁi&ﬁsﬁlﬂﬁe@ﬁﬁ'&ﬂg%ihgrg&féf ceis (or

wi Il bedvaxpsed, 2 orm. a sugcessively | abeled syn tic rface, the
tag nonomer 2}0 conpr PQ?I %"g&‘g{”%’l@%@ﬁ%&ﬁa formediaheied bipmplaule anixtateominactingmber  f r om

17 to ¥milakset ofibéaalavglos bimainmirfemest 1628Ghnk Shef AP WA SHALRELIC ﬁ“rface

ei t her cagledIySdif E)t' .y- tagged | ecul e, or as a seto o Mg vi dual
tags. He f8 lidpr%ﬁﬁ%% theoélgmolecﬁe% and form a labeled biomolecule, the first labeling

molety comprising at feast 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 suifur 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; o

(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.

Still another embodiment may relate to, the method of encoding combinatorial libraries
the method may comprise:
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WO 02/ 066952 PCT/ USO /49951 (d) anal yzi ng the conposition oqshéﬁzbaﬁ(s) by
mass spectronetric nmethod to determ ne the chem cal processing history of

the surface. In each of the nethods above, the use of a robust algorithm
for termnally- |abeled oligonmer sequencing of the oligomer fragnents
provi des advant ages over 5 conventional MS/ MS sequencing al gorithm
approaches. One particular advantage is, for exanple, the ability to
partially sequence full length oligoners (e.g., proteins or nucleic acids
such as D B criRABdsikhhM trelhtB &, BR &R b Blebdifig SinimidiaNitrte urmal | er
fragnents if mass spectronetric fragnentation %echnlques are ‘used to
generate mﬁ@me%Qﬁ@ﬁ?@E Anot her advantage is the ability to automatically

filter out chegj&atacti@iRSyhiBet@ surfitd Wil §hLdnRbingOBBIeRd hheMRhiGrFILLS and
organic matrix contamnanfs) in the nmass spectrum AnoOther advantage is

. ] ) . .
that the ReMiFEdhesyntheicpurdacs is(prigillbakeaosshandfarnk s ehplehiradetireueeqe, e tighe
l'abel andnEReR: BRiprising fUtdsConrd A mERAW RSt Rhic hBAGLR FofNY 1h @R Si ze or
conposition to determ ne the sequence. Another advantage is that the nethod
can be hi ghl y GlArgpeallsgontasting the syishetie purtaer, with sgeessive tag maponjegsje idegidljuence
ambi gui t 'ﬁﬁseﬁ@e’iﬂéh@mﬁﬂﬁ)r&@ssts%s oA yRMSR! diifceTRES Wil E)giﬁyedgﬁ& Red by 15
wor king at the | ow end of the mass spectrum Yet another advantage is that
better i chive%esily lakstedisppthatic yurfasel thedng BOp@ISET g PHitretdsagPre elsaeti vi t y
resul t frgmnyah AGmIFRALAL&HROLLH §7] oni zation conditions and the
introduction of a hard or ionizable charge on the fragnments through the
addi tion of tHe Jleapies thewnomerdeg (e} fregpthg symilpbic syrface eithgtisc singleamudtply-ge
through tieeh alrbuld, 3r btEset S divilal fas. det ermine partial ol i goner sequences
fromregions of an oligoner that may not 20 contain ionizable residues. It
is obvious to those skilled in the art that the nethods of the present
i nvention may be applied for the sequence analysis of any organic pol yner
or relative quantification of any organic nol ecul e between two or nore
sanples with the proviso that a nass defect |abel can be attached to the
organi ¢ polymer or nol ecul es. 25 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
shows the nmass spectrum of gl ycogen phosphoryl ase taken at highly
fragnenting conditions of 325V nozzle potential in a PE Biosystens Mariner
mass 30 spectroneter. FIG 2 shows the periodic peak pattern observed at
about a 1 amu spacing over several 20 amu sections of the mass spectrum of
gl ycogen phosphorylase (Figure 1). FIG 3 shows the overlay of all the M
peaks on a 1 anu spacing for glycogen phosphorylase fragnentation data at
325V in the range of 50-550 anmu. 12 WD 02/ 066952 PCT/ USO1/ 49951
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FIG 4 illustrates the nuclear binding energy for the el erregéﬁﬁl
periodic table as a function of isotope mass nunber. FIG P ustrat es
the structures of_a nunber of |abeling noieties having at | east one brom ne °

substituentO Y8049 6 j||ustrates the structures of a nunBE’ESPI48Hel i ng
noi eties having at |east one iodine substituent. FIG 7 provides the

structure of a hi gl FANAARINL MYl ARERAL) HemblAbeSfherlien SRBNRTI0C

usi ng the nethods prov e 1. FI t he deconvolved mass
def ect sqmtartinerthé drenacdipgjuemmusery difidhe yupkacol | gosacchari de di gest. | abel ed

with Label 1. FIG, 8B,s e, decon ved ef ect ctru for a

hi gh mannose-type IBIC?C& gﬁ?:c‘ﬂ% PLrebRY ég?uﬁeﬁglré%mwdltgﬂn@gbé? e?“mﬁﬂ])G 8C
shows t highderaipsalcy S sehestig o‘irﬂﬁCﬁa ﬁh&gfov@ddala@haﬂ@aes@ type

ol i gosacchari de g/ﬁfSt | abel ed WI th-Label 3. FIG 9 shows the_ deconvol ved

nmass def @avendigadt $§ﬁquanqlmqoalaprrtblt§1eqpea>aﬁb€tsh Ongpartigyber advaghge isaffel 2 (see
Exanpl e &)dmpré@-g laﬂ;‘.i’; er eﬁgl@ts@cﬁle cegﬁﬂ%?ééh ?B% Fgeﬁ%n oteﬁ%sﬁ?ﬁgaglcﬁﬁx\éfiéb' e

mass def ect is'the nmass
t hr ough sukleasNAcand HINIA) Wjthew thehreed fammion degestoih intoesmadloefragnomts ifigpss FI G |

| A shows_t he d | ved. t f th | 20 defect.
G 11 EPE e B oD et cte oot 2ol S BRETEiRT ARG photo

cl ear ed advRMigze is HeQPilRy MPaSoHRican Fy Sitbrodht cEérﬁﬁcallnme (& @ow;slabaed oligomers
i sot ope-resol ved nmass spectrum FI G 12A shows the resolution of b-ion

- f r aghfent malenwlesrhé pregnie matek cwrg@amishmtth@mwe@pém Aaﬁﬁhewd@ntwss shows
the res t ﬂg]% e nmass
spectru%h&&é@et%%%$ ag’t[ reso ichtel on 0?1‘?55?%&}(}?%%% s (rie())é%ng{]her 25 .
chem calremmemylknowh:dgem&he penttion size bt ampdAioshoedstetrivec deubfiense.of  br om ne i
I sot ope a| hat are shifted fro h eri odi se that c rrespond to

masses ém&ug@ Igthatt aaleﬂloﬁaﬁn ¢ b3 Ué%a?teg ﬁ@l anofhis AQ¥ANAZ

doubl et smgffe»bérqem%cé eﬁﬁﬁzg%emsmsdamtth@rneprsmfmgufer@mstab&u&?rgaﬁeas noi se
that correspond to nmassés of the single-charged bl ion of the N—term nus

of | laﬁbelwmﬂégt Wisilew eadofthemagusheeimemFiYet anodiTr sfvpsagetisthabeieriosizafiorbr oni ne

tho. of ot Buby a8 boRlsFo il iob SIS REl b SRR FRaS B ERBARAT0 1 ©
brom ne aosdmommdahcf mtrob@ttionnéa hatdi drti@dzblochat deeorpiae Ifnagnnents feeigshe .
correspondin t he sjngl e-charged d, ril 2005 FI G 16 shows

the raw, dsa@gpf ﬁ\sdabeén‘éetpmpaﬂef Hv g§°§lage@%wlﬁ3w agsethropsp Abe 1pbal 45 the - -

ability to determme pamal ohgomer sequences from reglons of an ohgomcr that may not

20 contain lomzable residues. Itis obv1ous to those skilled i m the art that the methods of the
present invention may be applied for the sequence anal_ysm_ of any organic polymer or relative
quantiﬁcét_ion of any organic ﬁolecule befween two or moré san.lp,l_cs With the prpviso {hat 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 rphos'phoryl-ésé (Figure 1).
FIG. 3 shows the overlay of all the MS peaks ona 1 amu spacmg for glycogen
phosphoryiase fragmentatlon data at 325V in the range of 50—550 amu,
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nyogl obin fragnented i n-source in an ESI-TOF nass spectromejen mFéogs 17
shows the result of using "sequencer" code to determ ne the sequence of the
first five residues in 5-Br-3-PAA-|abel ed nyoglobin (SEQ ID NOS :1 and 2).
FIG 18 il lwstst®ds: a general formula for a mass defect |afel containing a
conbinati on of ionizable groups (A, ....A" ), mass def ectpgrlgﬁ’é‘ﬁﬁgg“l( Bl....
B" ), and a core succinic anhydride reactive noiety (SA) (Figure 1 8a) as

well as an overall lﬁﬂnﬁhmshﬁtwmbelﬁelewnc_ﬂn% Eddegy for i BlentdRls of the Biokic SAH
mass def echlgl ab%!mégl. re 18b). FIG 19 illustrates an exenplary sequencing

t echni que'B¥%i%ig IBYORE HEssAMMBed by Sanger in combination with the

| abel ing strategy mIeySdmeuiles f rudh ofEnihb S IALES, haRALGd pases that

- can be used in the sequencing nmethods provi erel strates
a ddA*/ ddierst gasromesubuiigiSEQ | D NO 5) (see Exanple 18). FIG 22

illustsates a ddT* gdCs . spectrum ( SEQ I 5 and 6) (see, Exanple
18) . DESCRI PTI ON O|Eq %HEIIFW%@%WR{W%Bé PE%%‘?‘%{?%N%H%@% HEHFRVERREr Wi se,
al | t echrlkeasabnaiodins eutgrituefiti ¢ t erns used herein generally have the sane

meani ng-as commnlg‘,&nder stood by one of ordinary skill in the art to
whi ch this inventi SChPBES theshustureiof 2 higfemprnesniipavligesaodeddhtiesan and

t he | aborpts@hiencddREBALE BSthbdy eC i gy, organic chem stry and
protein chen?st ry dglgcri bed beq@vbsgd;ﬂrngfxtaﬁ{ggéepmel | known and -commonly

enpl oyed in the ar FIGSRAskmysdhe desonvejuabmassalefesegpebtam faretizdmasysthesi s.

STl oy = : _ ssmassel t e &

socontl e ORNIRUE AL SREkABRI RPN LLFRG B srons Toeien i v

pr ocedur esfeat spegame falalhygh Pembes- 76 oRESAEMaAE digest BLRA Wif?ﬁ%lbef% PRES in
(0]

t he art-‘--e%varlou general references (see generally, Sanbrook et at
MOLECULAI

hergP fls; deponvalsekmperdeiagparsalrumAar & bigh Meoges-tymodlicSprchanideHar bor
Labor at ordygek 1663ed vl HavaPsi Ng Harbor, N.Y., and Methods in Enzynol ogy,

Bi emann, ed. 193: 295- 305, 351-360 and 455-479 (1993),which are

i ncor por at ed her ei KIGy? shefve thenteenvoleil cimsadefeqirspadtaiarifor B lipupawsled «ith S

docurent . lature u herein and the procedures in mathenmati cal
and gt?at ing%lgaﬁnag;%{iés(ls%e, Xaﬁ'ﬁ%egti cal chem stry, and organi c synthesis

described bel ow ar BIGHoSHudmRWE gandalaiibowetr 1 AnAVNENRHR e R 48 00" i |
2005 WO 02/066952 PCT/ US01/49951 o - o
~ where Br 1s the mass defect element that is linked through the amino acid (R) to the
remainder of the label {or tag). '
FIG. 11A shows the deconvolved mass spectrum of the photo cleared mass -
20 defect. F IG. 11B shows thie tag bromine isotope resolved spectrum of the photo cleared
rhénb#.isdtdpic mass defects tag. FIG. 11C shows the isotobé-’re’solved mass spectrum.
'  FIG. 12A shows the resolution of b-ion fragments from other 'c.hémic:al"r'idisé
in the mass speétrum. FIG.‘ 12B Sh(SWlS the resolution of a-ion 'ﬁ'égments from pther cﬁér'ﬁiéal
noise il the mass spectrum. FIG. 12C shows the resolution of d-ion frag:m:ents'.ffdrr.i other
25  chemical noise in the mass =s".pcc':ﬁ'ufr'n. ' . . |
| 7 'FIG. 13A shows the doublets of bromine isotope péifs that are shifted from
th¢ periodic noise that Ccorrespond to masses of the single-charged b ion of the label. FIG.
~ 13B shows the doubléts of bromine isotope pairs that are shifted from the:p:eribdic noise that
| correspond to masses of the single-charged b1 ion of the N-terminus of labeled myoglobin. “
36 . FIG. 14A and FIG. 14B shows the doublets of brominé isotope pair_s tﬁat ai‘é
shifted from the periodic spécies corresponding to the single-charged a, ion. o
"~ FIG. 15A and FIG. 15B shows the doublets of bromine isotope pairs that are

shifted from the periodic species éorresponding to the 'singie-chafged dppion.
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"in'the art. Standard techni ques, or nodifications thereof, {ﬁ% for
—ehem-cad- synt heses and chem cal anal yses. The term "nass de et "mass
defect label” refers to a portion ‘'of a |label or the entire | abel that
provides a mass sufficient and distinct to be readily identified in the
mass 5 spectrum of the sanple. Accordingly, the nmass. defect. is. typically
an el enent having an atom c nunber of “from 17-to* 77--and’ mor & speC|f| caIIy
between 35 and 63, that is other than sulfur Jkpghpsphorus. The nost’
ef fective maspylab edwshinel Shatdined) Sl puidctdr i spetrudl G 3iBre3-PAhdabetdl s (even
organi c chem cal s containin rou | ‘and group 2 heteroatons), such as
bi omywlmm%amen@émpvéwa@@a@rgﬂ@ QFW%S%PWS havi ng an atom c nunber of
35 to 63. 10 R@NpkessQle bk é;msﬁﬁ ERkRLE SRR Eﬂ%@%%eﬁeﬁcetmeel ement s
brom ne, iodine, europium an % use ereln e term"oligomer”
., ref efist ﬁsmyespmbg/mérBreﬁfPﬂiAQébdlscémymgie‘me(SEQ IhNOSdsinddbs are sinilar, though
typically not Gener de the
natural |l y- occE (Igﬁ@ lllu f%atfr:'rsear%ensulcﬂmé%a BH) 3%8%12%9“?&? nuglp %90 l!uﬁ'é;[ngcl eic
s %Ci d&ﬁloﬂi’éabfblgr@?§@fﬁchfaml ﬂ%dgﬁalamﬁigt&rjl . e andaandrd Summisan}wﬂddlt he |ike.
i gomer may a efer to free radical, condens ] r
cat | BATEYC BOTepHSAS (Fugure 5 wovelias ap Pyl Syathele e - RB G B
acrylsg} BSss dlgﬁ&h%}’grﬁ%}mb nyI ons, polyesters, polyi m des nitrite rubbers,
pol yol ef i ns and or random copolyrrers of different mononmers.in these
cl asses of s¥HEH&tlusrPed aprpsergplaryisequendingdpiniqupuging the W@P@%‘i@s‘frﬁ’e@ he
anal yt i cal ve a nunber of residues that
i s tgbfﬁ%gfr xﬁgﬁ%ﬁggﬁﬁ Bhrgg %rd:h&eslirgfeé& &Qvﬁ% nli)eré.g’.l For exanple, an ol i goner
Lhat is an ol Fgérﬁﬂcﬂmahtedebea@{rbammtmmdmmbn &ndecpmmgmdmmlﬁ
Tesi g?j Simlarly, a protein will generally have one hundred or nore
r esi @E (though the sequencing of smaller fragnments, e.g., peptides, is

al so useful) . pfe. Alihgasecenpidde’ ﬁYbﬂs'specﬁhM@E@mNdm\(ﬁbefﬂk&ﬁpﬁ 18p 100 sugar
resi dues. A “FI d will normallgq: ave 2 or fattﬁgam d. 25 reé)l(du? As used

herein, the tEfGe2plustrars dJeie daasarreciounr (TRHID HOSPERd 0) ts6° B4 mer
of-a?]rg)no acid residues. The terns also apply to am no acid polyners in

whi ch“one or nore am no acids are chem cal anal ogues of correspondi ng
natural | y-occurring am no acids, including am no acids which are nodified

by post-translational ﬁ@gﬁﬁﬁgﬁ)ﬁ 6F§'I}I1e91Wﬁﬁ§'¥6ﬁt' on 30 and

phosphoryl ation). "Pro S use rern, neans any protein, including,
but Definitibws ted to peptides, enzynes, glycoproteins, hornones, receptors,
antigens, antibodies, growh factors, etc., wthout Iirritation. Presently
preferred proteins include those conprised of at |east 25 15 18 April 2005

02/ 066952 Bﬁ@sé@i‘r{e&%&ﬁﬂﬂwise, 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
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amino acid residues, nore preferably at least 35 amino acid, %ﬁghl%ﬁg and
still nore preferably at least 50 amno acid residues. "Pepti refers to
a polymer in which the nononers are am no acids and are joined toget her

t hr'ough amweobsess, alternatively referred to as a pol ypep(fg)jpgg o Wien t he
amno acids are a-amno acids, either the L-optical isoner He Woptl cal
i sonmer can be wused. Additi onal ly, unnatural amno acids, for exanple,

p- al ani nél ﬂ}?r?éhﬁt@lld?@l tpehnggngs, v roifiyiatipmethereef, ateased foe L hetgidal sYHtBesEThiH0
aci ds may, Q@gfatng Lesthe D - or L -isoner. The L - isomers are generally
preferred. lg'ener al review, see, Spatola, A F., in CHEM STRY AND

Bl OCHEM STRY OF AMIheA@l" ‘Bﬁss RERTH BESnANR RRGTEINS ferBro M ISt @fﬂabe‘?%ﬁ
Mar cel 3 Dekke]'rﬁ yfw York, p. 267 (1983). "Protein sequencing tag
used her &hgentirciabe! Bfoa”(!f-‘éﬁtm@awé%ewr@sh%mcmo belresddly 1demﬁahmrthxe massds

r epr esentshét@rum d¥d dapl leseq% rned PST.includes a
| abel of gt)he i nventi on or %ﬁ ?r’etﬁ?n%&)&a&%&m'ﬁpp‘ l%‘t%eel?mn% Y%mbr an

i oni zed @ONIGawNes offrom 17 '@b7é’l andfmdrh epdciﬁmhy bemveer 55 Fiues3, €fatis ots taar .
bi ndi ng . t he mass di s en the calculated and
act ual nggﬁhw phgs@é%? oiﬁ)? Rast st s riygaa Sp%F%eFéag% Feéﬁfi with fME’é’%%F%“%qw val ent
(accordi nhpmloalk {ert bganiy chémicgls@bntining gréfip 1 BRd §r'3§f3 glﬁet@ﬁﬁgﬁqs %1{ gsar

nucl eus ?g) E’[O its constituent isolated nucleons. See BlUec
"Princi pPes O Bhy R 0mReraieue RO lemenyhaving ) atomixguumther 03510 63.

" decooy obwirl ofthoAdkpUEhLARRRRIRL Al RLOCRINEGS and ol C;{L@}?gg; for

recovering _i nformation of Interest con
periodic Be, or Whl ch has been otherw se obscured by the interaction

wi'th el ectronic or 4 %{}I cal coIIe tlon r;et?ods The term "alkyl" is used
herein to refer td a5 otthn 1SR etflers apy polyraer of yesidyies wheraknur at ed, -

nmonoval etie ri'sycﬂlemm'arsbmﬂarnadu genes1addnyicNa\Generafl rbons
and preferfalgﬁl, fr 4-20 car olr(:s and m)rg pr ef e?a%oawoﬁ]?gﬁ]&lgfég%tggbons

W‘ en t hel§iu t -QFLuning polymers seeh momqgn@hgonuclq:cg:daefnucleledclﬂsg as a
St St 530 80 BN R T 5
st r uct ur@dichlagendensatiom (amcmg: notatibnisipolyadrs bhsyintHetio pﬁgm duchud Wdtinot - butyl, 2
2 |Ok§|t gyl ﬂgﬁgy o f}%&f:ates fercgiflart]ees,rgae)hgrtsi, P&gé&é%?&?@%g;&gg {U@S%E E;: t ;ts e]dust
g?i clr i bg::blyoieﬂngdnmalﬁgllagr feuﬁdﬂi?rcgpol’fqﬁgégdg}dikf?ﬁ?&ﬁ n%h‘BHw?sSin tﬁe@%gﬁﬁ%ﬁ%r |.I I (2)‘8'8;
VO %2 / 06%’5%15 tic t%ymers Thg ohgomér that is subject toythe analytlcal 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-occumng amino acids,
hmcIudmg amino acids which are modified by post—translatlonal processes (e.g., egcosylatlon
30  “and phosphorylation): -
. “Protein”, as used hetein, 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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PCT/ USO01/ 49951 hydr oxy, am no, al koxy, al kylam no, acylam nq ﬁ%n
acyl oxy, aryloxy, aryloxyalkyl, nmercapto, thia, aza, oxo, sa urat ed
and unsaturated cyclic hydrocar bons, heterocycles and the I|ke These
groups mayVB&2Et¥Pched to any car bon or substituent of t hBCRIURYVH9P et y.
Addi tionally, these groups may be pendent from or integral to, the al kyI
chain. 5 Th d [ r |

subst | tuaérrlll 8 ag\ﬁ reshdue more g%eféjrgbel Pl%{isg 3?) rzrla a%fi lremtdgesaz[ﬁd%f I;[I-‘P%'é §Fe(§%'f]?,c

ri ngs \Mutttethstaaﬁaarﬁﬂusadxdtreg@teher I i nked -coval ently, or Ili nked to a comon

roup such as a nethyl ene or ethyl ene npi.ety. The comon.|inkjn roup ma
gl sopbe a car bonyl tP Rliden TEfERi S0h éweﬁrem”“[r)*n@‘ éFHPPé‘PF‘ErSﬁY?]@’(’E‘P ac'djléﬁg‘li g??l uge g
phenyl . ;BaRBtSRher aﬁmmm sarﬂbeanwnae& ef@d (heda pORpaNIAE. WRAGHOL her's.

10 The term"aryl enconpasses "aryl al ky and "substituted aryl.
"Subsk i tamied acidy hre o-atharosacids, eathgrd thes—c’ptzstl isgwsr of the @-dpticilustiey cenbeor nore

functional grqups such as | ower en alk | hal o5 (e.qg.

3y .y anl; SosBAT S gt PR R PERY SBnenoxy,
‘mer capt oy @l ARG aR ALY l%:e&ledaﬁqke MRS Lokt e BY.Ur@CAGRRASTNAY, Ch are
fused to the aromatic ring(s), linked covalently or 15 linked to a comon
group susémers age geattally ereferved. @Dhyg@ﬁwl mOileN, yee, 's%étolal, ﬁsangﬂ gHEMISTRAYNDal so

ar yi» * dRBEHpBLECo Sl RAsHP s RIBB KOS 8 Sucoli SIMAHR®] ¢ Lo

her eign tDeldkef, New Vo, pulnygtogsh. "aryl™ in which the aryl group i s attached
t o anot her group b¥‘ an al kyl group as defined herein. 20 "Substituted

aryl al kyl " defines @tﬁmﬁﬁwﬂﬁf‘g teg 15§ 5qd Hesan AR 1eFs 10 (SQRESYOUE PREIES OGRS t i t ut ed
caryl gr artid] QtRieR 11 bl ApRERraPsaehbnad °
her ei n. qga‘[réﬁ?ct} %%Frrﬁ%%g@gfé&?sg&g;ﬁto d&glcerl be aﬁ{)(et onef)subst | tuelnt -C(OR
wher e R 4 lsballoiylie invergiob st & fragracht af ky’lbpl aHfithd mocntmb)slanumm d&ﬂyml‘&?)f@efl ned
her ei n. %5 hgdl ne_.atons. The term "l ant hani de series" refers to the

el ement 2RHAOf HE BEPfi8%i ¢ table with atomic nunbers between 57 and 71. The

t er ms' hydroxy" i s THeqemauRichr Bifdih@émirg) GefehetodhOmpss-diifaritytetednthe am no”
Is used to designate -NRR , wherein R and R .are., 30 independently H,

al lk{l | alulaged adisstual PG BREEDRLIES clemepisoft is daliped g8 tfeﬁwﬁﬁa%%’@gnt"
al kyl arg, {%Hgﬂ%b %o@%@%@mggﬂf g\%ﬁae/dzegga RESa ANGeusApit &ith e

descrlbln group
const:tuent isolated nucleons.. See Bueche, F., “Principles of Physics” (McGraw-Hlll NY
1977). N ' | | | _ | |
20 . . The term “deconvolution” broadly defines mathematical procedures and -

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

- periodic noise, or which hes been otherwise obscured by the interaction wit_h.'elec‘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 “oyciic _
- 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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WD 021066952 PCT/ US01/ 49951 The term "al koxy" is used herei ﬂ%‘hé” g)bgr to

the -OR group, where Ris alkyl, or a substituted anal ogue g

Sui tabl’'e al koxy radicals include, for exarrpl e, methoxy, ethoxy, t-butoxy,
etc. As usegohRfbdetn the term "aryl oxy" denotes aromatic groT_ﬁs that are
linked 5 to another group directly through an oxygen at onf CHPUAR
enconpasses "substituted aryloxy" noieties in which the aromatic group is

substit utbxtlra)a/ dmsto; alked, aalhjalumnfooacylmﬁﬂnbshiotamﬁ@da@rwy )f(, m? iy oxy
noi eti es |ncI eno bstituted: henoxg benzy oxy, héne oxy,
etc. - As us&? t@ anaia ’chr B%Z@é‘ftw ed 3gd ppspEyaty; S)ﬁ‘v‘d&hdd'@ﬁerbpss életegem@ds

t hr ough aamd tﬂa@hwyne@e SRy @bkt to PR oot Sﬁ%rt ?&elg oPRLSI m%h t er m

"aryl oxyal k% enconpasses substituted  aryl oxya nol eti e
t he ar omedfditignadiypthese ewsmambeemcegt ﬁlesmmtmgrai foothe aligbshaihut ed aryl . As

used rein, thet e Tel |et es of t ner structure

-S-R V\%ﬁerel nRis ?rﬁief"&?atrsyq/} e“ﬂlé ore Ef/%'fu? %mﬁ'ét“&j%@éPﬁ’Séﬂwﬁ!-ﬁhéF%}{ 15

TheI term Hmsmglalammaoy cihg or rhuldpb(aacﬁdlaﬂn: nr@e mﬁ@gargﬁfgéﬂ)ﬁ) §t&%§ lﬁﬁec‘li he f

cycl oprop clo entyl, etc and substituted anal ogues o

t hese st ré/ué’f"ﬁp%é Pﬁif?ééea ﬁ%ﬁ??‘ggwaﬁb‘deﬁs@dﬂ%‘hﬂﬁw tethsilengtreoietyr Thal ti-ring

st ruct ur esmnldielidies ow}ﬁ@tm&s@&cﬁu&ld i &rf?’ﬁé a8 fmég%%?%c ﬁ?sc“ be a.
at least o oub cl'rl SUER

nonoval ent npon-aromatic group with
cycl opentB@einclude phsmul asnh Yetbephenﬂodlah@)’kuhhﬂ and benkophaongaamn bekesof .

Thesqocyefﬂeqeayfg&ﬁcgﬁga%g%% gzl?ﬁk}rl'”]ag sups)t O I t| ,ring structures. The

term "heteroary as us ARt ¢ rings in which one or

m)re carbon atons OSultstimtedneratetas td A9 fustiesckiBil MeRdindord P alges 0at om such
ni trgge 9X n or s I'fur, Heteroaryl refers to structures that my be
S Snates

a single SYth?@ owg ky b agylahaleden; dkyihaley €)e. @) @uérooy, amwne
aromati c amﬁgglgqgﬁingdacgﬁm%emgﬁm(é})hg%l@% m&gﬁg@‘gﬂ(ﬁ% o B structures

having nultiple rings he rings used "t oget |nke coval ently,
or i nkeérnﬁssurateéemwdlygﬂowporeuehclasre@mmwmm rmtgts,)J enledovAtnrly or The

co | i 0_be a,carbon as in, yridyl ketone. As
ised ner are e el WS pr C RN R B PR ol B g bR do.
pyr azol ealsorbdralcerboﬁjdrsadshas%cﬁﬂ@explrphlagﬁz@mhgseﬂe ﬁ,ﬁﬁb'%ﬁﬁu&f al.%lhese rings
are defined b het eroaryl-. ‘Het er oaryl al kyl ™ I nes a subset
“SWeitwe%

of "hetefB PYRIRAT group, as defined herein, Iinks the

heteroaryl g gup t OhéeRh hﬁ&la&wi?useh%eﬁe% O fek t@?&%gé@@f%&? 8 WAch the

aryl group is attached to another group by an alkyl group as deﬁned herein.
20 "Subst:tuted arylalkyl" deﬁnes a subset of "substltuted aryl” wherein the |
substituted aryl group is attached to another group by an alkyl group as deﬁned herem |
The 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 | '
| | 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
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“ denotnng secondary and tertlary amines ancl "acylammo" descrlbmg the group
: RC(O)NR'
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“Substituted heteroaryl” refers to heteroaryl as just descri ﬁgm@ﬁ@BEi” t he
het eroaryl nucleus is substituted with one or nore functiona roups such
as lower alkyl, acyl, halogen, haloal kyl (e.g. CF3), hydroxy, am no,

al koxy, al¥QI"4M®3, acyl anino, acyl oxy, nmercapto, etc. THEI/USSYHET tuted
anal ogues of heteroaromatic rings such as 5 thiophene, pyridine, isoxazole,

phthal i m de, pyrazf|e8erd "HRbS" i Ws@ herbinGo r&er RAAE Q—'—f)Rsﬁ‘gl;}f anRrofyes of

these rings are defined by tHe term "substituted heteroaryl." "Substituted
het er oar 9ikal, oy b subséfutadsaniatogae shebsdt Safitabls alkoxy radieds metude ofor pkdmpis,

descri bed gbove in whjch an al kyl group, as defined herein, links the -

het er.oarmcaﬁf% Y SAEPREr Group. 10 The term "heterocyclic" is used

herein to describesoyRRRENALARE Al UrALSE Mhotel BRI BELNRA-FE AR ©

group having a single ring or nultiple condensed rings from1l-12 carbon
at ons5 anth dnother grodp detahothragh aseixggeratofir cFhin idrmogneompassés (subsitutakygen
wi thin the ring. . Such heterocycles are, for exanpl t et rahydr of uran, -

| e €
mor phol i HFIOX¥i Bwistigs Miewhich (he, Fpmatis, grougis substtuiedcasdescribed 3Bays font ed

het er ocy & & aM$ IE ]  RESiR ikRE s " el e wherein
t he heter ocy(l:r?e ?\ﬁileugh%ﬁ@h[?uﬂgt%ﬁut eglwilth 0 eegéxyﬁgpgﬁﬁ.&ﬁﬂﬁfégh " groups
such as baonzgioxplptyhethydaxyl, ezdhal ogen, hal oal kyl (e.g. CF3), hydroxy; am no,

al koxy, . al kyl am po, acyl anjno, acyl Qx mercapto, etc: The term
"het er ocycl i cal kyl#S &éf P berglomualby e tings e N gioups fifached. dhrghgh aly o) ky|

grou ‘ I nkst ) a oup.
T R, R pSREl Myl roup SpalEaTREER OTHE ko, SRRy BB D0
el enent twubstiteted anytoxyalRyE mseibddsdntwiadh she acongain groop isesubbtituted aodgbribed
non-coval ent neans. These are alternately known as organonetal lic :
mol ecul ¥r "subsigied agyl-"The present invention resides in a nass spectronmetric

met hod for i Mproved u dd SEleld Ak AT nlredoP Pl Afilictll APl Sl SEULRS OF

fragnents of nol ecul es int mass spec I's” nme can be. used

for ol i gerBerRaaRRMREs BB tafiyl] 49t boRet@dydlieras 36sdrived @aafl combi nat ori al
conpl exity thatcan be discrinmnated in the mass spectrum The present
met hod i s practi cddengrm anairatad cydlic hysrogames” genetengionpsipuchas then ol i goner

Cth - that | def .
ai sor | m PR Lie PAETH b horblc SErhl e Ryl ARy Sl Bl mosos,
PCT/ USO1TH@95ﬂclichydﬂoaQ6bﬁﬁcdﬁﬂic€s€x:%§Sorf[ﬁﬁlﬁllﬁighﬁfucttﬁb@be| ed nol ecul es or

unl abel ed ol i gomer_fragnments in _mass spectrum. )
The term "unsaturated cyclic hydrocarbon” is used to describe a monovalent

non-aromatic gro_u_ﬁ with at léa_lst one double bond, such as cyclopentene, cyclohexerne, etc. |
20 and su‘bstimfed éﬂalogues th-e-rt_.:of. These cyclic hydrocarbons can be single- or multi-ring
structures.r-j - o -
o | .The term "hetéroa-ryl" as used herein refers to aromatié rings.in Whi\;;h one
or more carborn atoms :of; the aromatic ring(s) are replaced by a heteroatom such as
nitrdgég, Oxyge-nl or sulfur, Heteroa:_yi‘ refers- to structures thét,mzi& bea s.i'ngle aromatic.
25 - ring, multiple aromatic ring(s), or one or more aromatic rings coupled'tq one or'morc non-
- -aromatic rfng(s). In stfﬁétureé ha’viiig mﬁltiple rings, the rings can be fused together, |
- linked covalently, or linked to a common group such as a méthyleﬁe ot'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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I n one enbodi ment, | abel ed oligonmers nmay be sequenced with ?Qg LidR&t S
. , . e . pi
I abel eqd oligonmer fragnented in either the ionization zone of a nmass
spectrometer (e.g., in- source fragmentation) or in the collision cell of a
M5/'MS i nst mudretitesvsand using a nat hematical al gorithmto deteugeinessihe
term nal sequence of the oligoner fromthe | abeled end. |In another

enbodi nent, | abel ed oligoners may be synthesized froma parent tenplate or

chenol yti cally or eﬁﬁ‘%ﬂlﬁlﬂﬁfbbﬂfﬂyaﬂ’ﬂ"gwﬁf%@ heteroaryias mgdmm@dtwmemdwprl se a

Faant 111 e O © b SRR oo SR Rlote RPOP Rl St € TeiEatior 1 ne

| abel . Lakgl, edogtd, g@maks] @ngi OF,) AQRdxy{ W@t@xwﬁkﬁm&r ﬁd}fldrﬂhﬁd from
unl abel ed ol.i goners and fragnents by their uni que ness signatures in the

resul ti NECHREY TBRIEERIP LK aﬁauersebamaagdwr@ﬂqauea of h@moamaltlabmgsamcb las goner

frag t p te with the | rix

c0ntgﬁ51n nZ‘P %ﬁ‘ge“& ?f‘r kcﬁn EO% de. B)y/rafg l ?'érla%’t‘ft’f/é’riﬁﬁ?d@ﬁ@e and/ or
~uni que rmmmgu@mttwsesxn sﬂat@d%ﬁnéd"@ ﬂﬁ@%ﬂﬂ%ﬁl@%thmd'ﬁeteﬁ}&ﬂl wative ranking
systemis used by the algorithmto strengthen the certdinty of the

~sequence det er ni nedS'éhSUBmsic@sgDm!Iaﬂle@'i whirrs (oh subset of'sebdtigueiieterbaryS'ase
enbodi ne proeS| cco d .i.n nlmnfor a
purifi edrq §%le 0pvreo el i Fa a%é%e s herfi‘ﬁo%'l?s&ﬁ heterpary} 850HR et hod

than cur raptheMMao pr ot e| n sequenC| ng techni ques. 20 In. one enbodi nent, the
| abel ed ol igonmers are-highly fragnented in the M5 by col I'i sion i nduced

di ssdéi ati on (CI D) Th@lelnnc"élntewyah@“asrpisadshmdnm dedeeibe o manavalen smmsed(m g.
in- sourc lision c t hr.ough. hi ne

nons ol 1 goteiugled gbn B 28k frying woSgl Fing F el o R e e 1 cac
to increagn a@misZzali i ¢14 hadBREMHs ELeE RBANGRE MO salfld drto\l%g n W idin the

resulting | abel ed oligoner fragnent ions, relati ve to the p

ol i gorrer, ﬂﬂlghb%lch‘l hgerpeyeles athefooeaaraple, tdealachofumrsmmpholmeipipermmi erred

| abel s H}T;? uni que nass signature to the fragnents to which they are
at t ached P1"8 “a"%aef‘fl cularly preferred enbodinment, the unique mass

si gnasure may consit (eph "ANRtRLed RIS SLEMRLSd ﬁ&ama@fc%fbada u;a&tt% fthe I abel

that contain a nuclear -binding energy”that substantia ers fromthose
of the hewe%tohc wheeindhehetoforyrle me:leellsusgwbehturﬁswm o(rmoge funGjorel 0, N, P

vors: pns hpBESAEE I SRS L o ondd TROURTRG %' GO RRL tter 98D maance

of the rewlammtgacﬁmmm scybadiyl metcapdesanvol ut e peaks of. interest in the
mass spectrum- ot her enbodi nent | abel anal ogs that differ by addition.
of - one or rmre rre &/temBr hetgropyalisalkyl defines anybsst of hetespnvelig IWhestin at anal ogs

(e. 920 Daksi %rli‘.l[pras G IncAB¥r A€ 1inks B thBrdéS}bl?dJ ﬁg 3 %&H&gg};}oﬁpl peaks of

interest in the mass spectrum -In still-ano 2005 WO
02/ 066952 PCT/ USOl Txogsn “ehﬁlmdum&mto tmmgmmxmdblmlngnﬂaamalﬁd '
ol i gomer g, be deconvol.v f.rom unl abel ed o)

Cor f ragnen{ngﬁtgogqfnglsmno {ct EStglﬁt %‘9’ OTEARES 88 ﬁ‘é]ﬁglgm&gh T%ecoé’F JI[,ile%OTTEI' >

-are alternately known as organometallic molecules. -

25  General

- The present mventlon resides in a mass spectrometric method for 1mproved
dlscnmmatxon of labeled and unIabeled molecules or fragments of molecules in the mass -
spectrometer. This method can beused 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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sequence tag is preferably constructed fromthe | ow nol ecul %Aﬁﬁli%% end of
the mass spectrum providi ng advant ages over prior. nmethods, stichas
greater absolute mass accuracy 5 and nore facile sequenci ng. In the case of
prot ei ns, WA 2ant age will include resol ution of-- Q-anBCKUPELIRIes, , from
the resulting | abel ed peptide fragnments. The sel ection of an appropriate

| abel f oahdibd foleB@B FEMEthE UHIabASH MBRSIRE AN MR IcdWligsRVER Mmdntd Tahd .
First, the label is preferably robust enough to survive the fragnmentation

condi t i onassgpeqtiver. M5. Second, the | abel preferably also creates a uni que
mass/ charge (nmz) 10 signature (e.g., a mass defect) that is

di stingui shabl e from any unl abel ed ol i goner fragnents generated from

i nternal sci ssi ongdn@he efidodimegohibeled atikdrosre may bt samende evittuthe abalted or gani c -

mol ecul es, that. _may he present .in the.sanple. Third, the | abel may. al so
car 1y arieb QR S SreGBE T Y ROVFESBREY G § TS SHCUPEoER (- in

fr agment QhtQrRHRAMESS) iHif leRBUBRAREE of £ ME/MSahstrunitht, WHE usMgR uncharged
termnal residues. 1571 n contrast to the limted utility of " F as a mass
def ect ehathematiqabpedidm etdeigfmine {p togmisgisequenggpiihg oligaypey)fjom thigdabsledsent

i nvention es S f.ec S th ' S

a1 7 or or i IR 8ndIRE Bty TR Boh R imdy e rea B o BHER SlholReS

su tSJS]'E i ][ éﬁrioghe'moMiaallyac{rxdnzgﬁﬂitﬁllfdlig];edmstoa‘omEngde‘ftft_hht ?Jﬁn;ﬁis&@ié}p_amhlmgmlr e than
a 0 i npr.ovenent over at of § ar E s i tutions. Si on an

1101 adqeeBK ke Hogpmpis ibars aEog A PaOE TR AR e SRR B R eam
This is dif2r-RRMntst helands id 1950 L n@bm%%e&miom & hfnehlsHhe € 1 sotope

and het'er oat om contai ning organic nolecule ([ t2Cf9[t5N]160]5) at
202. 97468 ffemntiatedrremamdabeled gligomers ands fragmenta by bt ghiqae piass signaturesinghent s

t hat exhi bi,i. a mass fect,simlar f | 16 ) ers

bet ween rﬁﬁié%ma%sff' “"aﬁ‘ﬁ‘ ali/dl & gé cgg‘é?létggtrfﬁgt?ogl'lﬁggléd cc’i]g%o&e'? tﬂ%ﬁn &tltﬁg‘qaio ppm

| evel ) tpeaRs isebated Al tBd iodiz@Ebh matx bed cabaminytinOsliyonts and fedfenengdyi C

het er oat ons. Two such elenents w il exhibit F di scernabl e nass defect to a
t ot di’ neBer grlatveabondanpe andigrapiqye SseHEBRAMES (AHE 19 thexrshisfed)- dhscer nabl e
mass def | ; ' ey e, doubl e,
and trip g‘-ué%g,iet ?%kﬁiﬂgfs {QP.?@(J g‘{d nhgglgfva eﬁ@%ﬁ%@%@?g%yanﬁgﬂg{ﬁt) can be
~di scri msequade fletominad & sutdvesivd rosidudseif she messdaddef. 14 sOme eanpadiments, thas s

spectrumwith. 10 s resplution. 30 The sent _l.nvent.i on Jd.pcor porates .
2 obus tPraFegO S ERAPNISIES Fueraa b Pir A anrird PhERE Pt srelin 2 0Bt ecal oo
or fragneobsorintord @i MdRalditdh cutrehtMSOUE §RoNE seRbEne Rchiigues. | abel ed .
~oli gzt%rrrer fragments in the mass spectrum _ This algorithm searches the

ctr a

spe | data fornane cpbedimsnteths|libslndelicemgisanc Righlyfeaementyd omiby ME 8t t he |
per) usor FAGEET s SR (PO R Rl iR (el O (51 e
| abel ed iolsbgeakar ifi p aghiBivhsch tidoughehigh sleagy mpactbvrtidemcaiguingr lgasesesul ti ng M5
peaks t C}ntrr'ggukceg ItoI thg 8§I?iisglﬁ-%or?el; ‘i , gfgggd lsaggllél ?erz]aﬁ ?os incfbéased ionization efficiency and B o
" enharced -voiatili.fy of the resulting labeled oligomer fragment idns; relative to the parent h
25 61ig-0qler, thus improving the overall detection sensitivity. Preferred labels impart a uﬂiﬁlﬁc
mass signature to the fragments to which tﬁey 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 methyl or methylene units and/or isotopically pure analbgs (e.g., D vs. Hor CI) may be

used to uniquely distinguish peaks of interest in the mass spectrum. In still another
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cumul ative (forward-|ooking) ranking is used to elimnate segugn%%@s
successive nunbers of certain residues are found in the mass Spectrum 1In
a preféerred enbodi nent, chemical 5 noise is selectively deconvol ved from

the mass spRelbMEReRy i or to the application of the sequencing g%ﬁ%thm
Unli ke previous sequencing algorithnms, the current algorithmis

because it can be inplenented without human intervention either to define a
starti ng embodimertnpeakommsodated with tbaled bl(gt!:merq Umigimbiyts pr ap aclyiveclceayulad e

peaks in pectrum I.n r. enbodi the hig est ranked
sequence b s‘lr'%l%ﬂea ggor’&ﬂé‘?to%lleaWPfs IYURATSF P dlgge%e IRHUERRE *é%(‘?ﬁog’ﬁ&%r ina
dat abase ga‘quseesa%mls Prefrhigp H@fstrﬁcﬁélﬂﬁ&ﬁ@ﬁe Rhvafbied el vdigilea® PR asdat a,
particularly one lTimted to the organism fromwhich the oligomer was

obt ai ned. Sneﬁmsnomrﬁeﬂme rbGBageTever pher.metherdssiuch ankedesdyolitmassaseirtyl i ti es

can bes f u%ddlﬁ&e%le sF%dSeﬁr | ltnrlfr‘e %@gﬁf o‘ﬂ ﬁgcuﬁ%ﬁgdn?fgte%fill?%clﬁde oél'{tt?ornt

oligomer (e.g., Tsoe poi n ar wel a pr
and/ or i tQandmbmuducsoﬁ'msﬁtetuenﬂnng]Ebéﬂmpepude ﬁfagrnenm/entl on incor porates. one

or nore elements into the. |lahel that .hucl ear binding ene of ten
referred to as a na G?té’é’t a{’ﬁ%‘trom%gg?ellfg”ﬁ’é U FQure ?f@ls'df%%a‘guni que
MassS posi &f RerhMcritéif. mptﬂeqmetnetefaebstra%t etocgthtocyﬁ%té theGRBRIcAAtibPN Of

the other elenents g/ have. this way, |abeled fragnments are nore

easi |y di «Midiigos shbaM oﬁesort%étmletell prgéirakly alseicreelys Huniges eetséq\i%avset(m/a}ore
ror 6 RonoT Eelke 8,25 Rhen deceONER 1 oyl GO R U ARG AR BARRERE " "

identify gememredaioom daeroa stistialsed tHeraligomni saclbone e ﬁdmh)thetanmlahellfed otganiczat i on
met hods®

(T agnent 0 BRyies o Rspschu desamale; St iha b Be SnpRracen gnivside or

quant i fi Cadrinefen@l ishifd et ¥Rurc R YHAREREO p;tottsces dlSllh@:ﬁldE SRl ned
fromtwo or nore sources in a nass spectronmeter 25 (see, for exanple,

00/ 11208, ingipdoaEpsmpharscdriernid 79BIOSN1) . .Usi ng this particul ar met hodol ogy,

2 labg can be att agheiko Bt IAHOATREY SHPL SRLLOL Rl HOMAOEAIIIRL o 20e! S

by the replacenent one-’e St e 1rsotope o t el enent
are addedWin9¥/Bzs0rghay Ul 1999)) fthopresme lnvsmwrncees rkine defeur dl@feras thalprest a

subsequent -to | abelin nd the el ati ance . uIes or the
Tabel o f HBAHEEHOTHES ciffey tlwt PRt PlE £ O e epeén&fﬁﬁo e 30

di f f er entsubSRLOSESH B ByIUSAH &utddni fHMS ldt(feell dJrloeiog D hindtnfort RanRGARKRs ari s g for
the sanme nol ecule fromeach source. Mddification of this nmethod to

i ncor por direrosEest ovepihat efsisaryidesubstitutierise fesingle I on an atybringedH Apexhibitsrove
this quantifi.cation be eresltln | abel.e Iecles or | abels will
be d|2§pl %@W'W%ﬁ‘ﬁ?ﬁj}@gwmﬁ@lls hisyjs ?Pep%édtdetsﬂggr %n%"ﬁé“ctrum 22 18
Apri | 20Q%mttha¥ih Q2486 R8rRpEkrld ﬁdg}ddtoé%%ﬁt]ammg.o;gamd- Ht%ldcméent' on can be used

in conjuction.wth protein sequencing meth
[IZC]g[ISN][IGO] ) at 202. 974687 amu. Therefore, asmgle substttunon 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 dlscernable mass defect (at the 10 ppm level) te a totaI mass of 3, 891 amu for-
25 any combmatton of orgamc hetercatoms Two such elements w1Il exhlhlt a dtscernable 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. Alternatwely, smgle double, and tnple addttlcns of I
(or an equlvalent mass defect element) can be d1scnmmated frcrn 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 algcnthm searches the spectral data

_for aIl poss:ble oltgomer sequences starting only from the mass of the label, whtch is known
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such as inverted mass | adder sequenci ng (see PCT publ i cat| étAg}QZ%éllZOB)
and other M5 protein sequencing, quantification, and identi tho

met hods, such as are outlined in U S. Patent No. 6,027,890, and PCT

publ i cat i M€ 0¥H6BY/ 32501 and WO 00/ 11208. Mass defect | alr€liusgl/ 851
described herein, can also be applied to DNA sequenci ng net hods by M5
outline US Patent.,. Nos. 5,700, 6 6 090 558 an

6 Lo Tabe e po el o s B 56prae A o Pt et isBERRARd e can be
used to @RiieE SHufarch 6f BRGHANEE ME ppa&k YS BOR hHllposable Ofipeier afuédies. A

gl ycosyl atlon pattern of a protein). See general nethods provided in U S
Pat ent ~ Nggnulatiye {fgpvarddooking) sam ig gsed t%kelrete%?apgncet RESUFEERE TEmhETBe used

to '”prod@eceﬁglﬁr%sgﬁgéﬁta g@hu&ﬂwlﬁegy&eaﬁem (iETa n‘w@& érﬂ?@dtf?fengl:lﬂe{\]r#;l' cation

of any polynmer from rent sources wheth nat ur etic, .
pr ovixdi rrgnsmaselemtlmigdedmf/dced fraipahe mass spectumwahem)ltl}e atrthaetlmnbftthe a termnus -

tent 11 1 BARIERE aleO i Vo P TR e i g, S R PR .

speci es hb@ibebahfeas RthesMPleaRAted WidbhChugan iakevnti@Bithd?@o @ofdl Lutirivg
attached to these nolecul es. Exanples jnclude: differential (diseased vs.

heal t hy QUiPSEBION, o5 Kisntyion QUMY PEIsBECtYE Feaicash Peaks W the mass FREeTiRalysi s;
differe | S I Si s and
St ot ur sOer eFRRERLITANI B ANANYEY Soudh! papnctical B} MReoBuliany? 5
anal l}ﬂSI sthain elxistemca art md&hbaﬂebﬁpmmwtolrgnmeamﬂumnes p@dtctedZﬁomwaﬁuetlye datnt r ol
applications, and i nat ori al rar as ‘outli US Patent No.
PBs6 st B e I Eorhis FoRWHGTE e e R nb Lot aegRen T

chem st ranbodl?ﬁd?lﬁ thel\lﬁ%lﬁest AfRsH se§ﬁénce PMlitI&Qaﬂgg ﬁnﬂﬁgﬁu:{lﬂfﬂeﬂa))y)the Turni ng.
first to the nass defect | abelin nuclei c amdsg’g q? }DNA or . RNA),
ang pr

each of ¥pZatiqgeawiinagsof the oot g W&CS; 150gleqiaie pg ol pigheein be
sequenc nts incorporating a unique nass | abel
. E‘adprl)(eﬂ]%nc%r i ?ﬂ&%&'m Ségtg({lP . . !

i'n the prinmer sequence. In con the present .invention provides that
| abelsi ng I s carri &te owtent fivagtionhyorpades snbavmog demeass intd dfedalie] thao

di stinguish th led fra ntsfr munlabel fragnent .a rovi de a |
nor e uflaesﬁaet ?ef\ygwﬁgereﬁtgw efichefiad gt mass %3?%33@@%?8 Pretsaf it mass
~def ect |l§l§h¢|to$a urfiqleBass pB&itiSiesase Wﬁ‘rﬁ Rt n@i'd‘tﬁ&%ﬁi&k:oﬂl&@r‘z@b&nlﬁﬁdtﬂﬁ drirat can

be sequenced in. parallel in this mnner. 30 “The advant ages of mass

gef ef:t | eyl efermgnis rra!wlwere -t Indhis avaunlabelgbﬁegraqmtt alsanora gaﬁslmyyeylshel %omot
Lo 590 ahehal gl G Bleiea W SE Y. Pt psHe RIS FRRT.

mas 20 abdhisddhess, ajidfvﬂfenenéseﬁtl in vt yamsle:asmlnmeankmfascan acbuhuom,fthqometmedn and
" DNA nol ecul es n di. ferent s urc % However a& 8fb t'hese references
%’ & Hce y

23 18 AFPRPC3 50 HEgewsr g yggliagmenfs pro various

: 1omzat10n methods (e g d- and w -ions produced by protem and. peptlde ﬁ'agmentatlon) _
| The use of mass defects can also be applled to the quantlﬁcatlon of the relatltre
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 parncular
' methodology, a label can be attached tc 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 lnccrporate one or more mass defect
‘elements into the Jabel can improve'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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fail to anticipate or identi fy t he advant ages of i ncorporat '1§'ﬂ ﬁl%%s
defect elenent into the unique mass |abel. Turning next to O Pgosaccharl de
| abel i hg, EP 698218B 1 describes the use O | abel ed carbohydrates and
their use wop@asaxs and US Patent Nos. 5,100,778 and 5, 66%HAkonedescri be
Wile the techniques disclosed therein nmght be agpl i.cable to |abeli ng

wi th uni que mass tJQ%lﬂVFM@“ qaﬁb@ﬂ%ﬁdﬂ&??‘ﬂh""@lﬁ vthire HH%QQE@FHBHHQW@SJ abel for
the purpqg Yo M WG|

spectra ar%sansg{' %{% SC ag)g;% g}gé‘é%&a? 1 applica ?%%P%? @L mass
defect | @bﬁhhmgqumdnhgdmhﬁgﬁpatﬂ@g@nd hieati fietion memodv,lsdelsame hatlsedtio U.8lent i fy

car bohy P alie: BE WIZGR oo b PSR TR G 220 et BT PR BR biERs et on 1 or

the i BCONgYNins hddes&ibea heRES cﬁﬁilﬁ%e éﬁblx&@% ﬂ)ﬁh@e&;u@i’cu@héﬂ%ﬂs b?M@buthH&I hod
available to those skilled.in the art and identifying the mass defect:

| abel ed "fi Hgﬁ'ré’ﬁt%t Npg 5{7R8.6AAs594 gdd 1 ¢, 6?\%5@3ﬂd'ﬁnb94€]é‘l4b(§lﬁ*}ltfﬁ@heé mysp defectr e can
be deter ;ﬂr o Lé’de‘éﬁ%eﬁ hglrel | Qinl Ee[_f)ﬁﬁ dgﬁegﬁwgﬂ%sé Bﬂéhcfe B‘?H&l&%@cﬁffﬁ&'(@uﬁ

| abel ed Ent s &I m I"ar o t he rotein sequenct ng
et hods  de derglyvesylaimpaitegdiaproteink c3qequeatralbmetbbd spriversied ohdf.Schateit dloent i nto

the Ilab u |solat|ngtheIabeledfragnentsfromthe
chem cal%r}&ﬁggs ﬁ‘f‘i,% %a&ﬁext to lipids, the fatty acid conposition and
sequgpce can be deidé¢ Bloadd, Y deafolchi Be 1408 1 fhprsve HedenBRZMITR ({cadrlcy

di gested fromthe glycidol backbone, where different mass defect |abels

are appl idelgrmigatien) ot figantificdtion of pry E‘HW%&Q}P GeErem seuicpavhgther napgalosquence

el cot | FEAeERpb Bt &‘et??v?ﬁ?i S UERL B cREbEcyalchy AR B im0

skil | ed ipnlyndee art . i sot opi cal I y di stinct |abels are used for such
derivati zati on of ese m)lecu S obta r extracte from different
sampl es. then di ffiF%WFlgfonm rfeised BR e G A s iaBdr rtivee by v
25 Hawev QEantiﬁ'aaﬁ‘&PJf doHﬁ&lﬁrﬂ&% cl-IeHﬁ‘cdl Eyseefel Glodd dnf’f@reﬂf s&:r&@%ﬁoﬂﬁﬁg tdbeRlcafrent

into the label inproves "the ability to isolate the | abel ed mol ecul es from
ot her chéaiewlentyiageched tq ﬂ?@esrp‘é@qufPﬁmFalﬁmpleé bchids: mifegenae’dmsaqsed Yel ative
abundanc rt is the
i ncor porgl og%‘c% &gfﬁlg?gb?%y sér(@?%gﬁdr?gg]g‘% %Fl s Bf génlnra\ o-the | abels

to incr em&hﬁh@e .mamserdlﬁfereeaﬂﬁmgsmmmammnbetractmd deammmbxyoﬁl scri-ni'nat ed
|ntheresult|n ectrum. nmet hodol o can also be applied to
| mpr ove EREYEEH a5 bynchivd Ep it i A it B et e teaul W%M@@S o
sanphgs Gagfy C(f)rﬁfoi%ﬁﬁﬁmnﬁm iﬁd%om%ﬁ{atormphbraggl/aééés $8dined id @S PABKING. 19,

2000), where a m xture of 1sotopically-enri‘chéd net abol ites obtained from
a sour ce 6£56,926 pedbyuBrenhsr, Send RatA. etheni“Ehcedet ab@ubn@mmhi:hwmé’ Rms S.

- defect t Rkﬁ%é%%, ﬁPr(USA?%%s‘ﬁ?s%é ?%352 PCT/ USO01/ 49951 -
o b " 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



facilitate the identification and quantification of the 18A n|20
i sotopically-enriched netabolite fromthe non-enriched form 88 ti.on
to sequencing and identification of oligonmers, mass defect Iabel ing can be -
used to pr¥B&2¢83%st ructure and function of biol ogical |y BETUGEIH9951 ‘
macronol ecul es (e.g., 5 oligoners such as proteins, nucleic acids and

ol i gosac LAES 1rl t al

. Biol. ﬁgﬁB %aI/G( 1 l"%ﬁ f%% 2@58%{?@&&%& %gll‘aﬁs ectcéﬁg{ré{dls)g&stggondary

and hi ghenewr mess lgpebt ein  structure and regions involved in ligand binding.

Moi eties that are osed to o vent e da dden y bound
li gands will exchaﬁﬁ'@nﬁf}a’ltdﬁg 29saehy d‘Fe U %ﬁggsﬁg%ltﬁfsé’g‘l’%srthid %Gte in

the pres@gpéed edrbélguiaaisahe theiaisein asé‘wasﬁﬁmwemat@lt%e@ MBI 778Ghd 5lus7980t €i n and -
mass spectral analysis of the deuterated and nondeuterat eleES/Ot eol ytic

f r agrfentdesembe @e peeaf mass libalate eterainrithe RRgasAcokarids seguense By MR oWMhilg then |
speci fi Gefjif sdﬂgtg%’dﬁﬁér@hl%té?}lﬁé mﬁpﬁﬁﬁa@tﬁlﬁ:ﬁ: lpgﬁmlﬂ anE%aEPta QRS- | mproved

met hods -are provi erein MasSSs ct e nts are 15 used to
| abel anincdipgatien ofor megshiefectmcthohabtldouthe puipnsdsiof shififngdd 8 peakisuomoBy usi ng

smal | ulLes i.nco rat| eIe nts wth mass ects C t ar get
Shect 11 cnteEEH Rt R Sl af uel Ol b AR et TGP o g o
exanpl e, mhgitdredct Rbelipth @R AIRS REPIbRH RerSRAfRbH8es méthddRItHRlenfy tﬁb%%?:
structure or function can be obtained by searching for products that are

| abelfed ssAwgicy 0b# comipiex earpolw@ratﬁbwépletg ¢ eabehydratgascdegaribed in thetpator arthj s .
f t t
informa éuﬁaﬁé’r%%ﬁlfgh{‘ﬁqdfo?ﬂle‘%néo e_c cft #Qﬂgtéht‘t ?}?érla )bé’rll;{h‘g.gl offiyction

of chem nol se rovi eCI 1y, an
active pnethed availabie e the xpdsibal ih thecarnasisdabafydng tHeaimsl; de&ctdhbedxsl foagomdntse or
i odine qa whi ch targets rot resi dues are

[

I‘OSI ne re i r.OSL n |
| el oa Y he Bsprorom o T Bh SRR AT SBlciTe b s A ming s WhOE o St s e,

buri ed) mqatstteuztm@%td HE %&ll&ﬂlabéledl FraanchtDiiRfaP@ the DRAPHRINMBIMS PRoréie
fragmented, with or without prior 25 prot eol ysis, and the tyrosine

| abellSi ngegeﬁrtceennqﬂtqsbedsceég@ B@nvpnAtghe, megrporspien of @)ﬁetsetef@yeleeeatrlm thg) for
peaks arllil?dl rplgs 1l?gl‘"c%rrl§0(l’{)tlﬁ% St t%]laggle g erll f?:?m%e l:h%‘élh&?n&&é’ me. Another area

in whi ch mass ave | clal " use 1s'in conbi nat ori al
anal ysi-s of both Shmhihg neltectipds, tﬁmﬂutgmaﬂ@mbe@udnemdtslaqﬁendecmﬁe al r eady

“contain elenents wi.ith nmass defects nost  bi.ol ogi cally ved
mat er i a|d§}f=mwfdsbﬁ ildbedpe the-fpity ?fdi&qn&wna%calhs eeﬁg ﬁcpwttgt @YﬁlﬁO’e‘Pﬂcl‘l"?‘@s (e.g.,

prot ei ns,RRd IRk H8Ss ddfas 1andisne %t,b@e%gﬁm &N GRS d@é&héﬁ%ﬁtﬁﬁl&% i des,

pol ynucl eoti des, .pharmaceuticals, "or catalysts) generated as a
conlﬁonatseqwqtcebpebtfary can be pr obed for, activity and |dent| fied by

ot o2t 9. 295k BT ol SSBL T D R A s, 2
Proc. . Najelderib@iashd bSeicthodd iRl SaBbIE ﬂoaﬂas);skmd 2t ArtAf lsttpgea@ ,
distinct labels are used for such derivatization of these-molecules\obtained or-extracted from
different samples, then differential quantlﬁcatlon analy51s may be performed by MS..

25  However, in each mstanee the mcorporatlon of a mass defect element into the label 1 improves
the ability to isolate the labeled molecules from other chem1cal noise in the spectrum and
obtain more accurate relative abundance measurements. However unantlclpated n the prior

Cartis the incorporation of different numbers of mass‘defect__elemer.lts intothe labels to
increase the number of samples that can be simultaneously discriminated in the .restllt_ing _

30  mass 'spectrum This methodology can also be applied to itnprove the i'.solation and |
identification of metabolites in biological samples (see, for exa:mple Us. Ser No.

09/553,424, filed April 19, 2000) ‘where a mixture of 1sotoplcally-ennched metabolltes

obtained from a source are subsequenily derivatized with a label containing a mass defect to
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WO 02/ 066952 PCT/ US01/ 49951 increasing the nunber of tags, ailgng

that incorporate a nmass defect elenent, a |larger conbinatorl ar I'i'brary can
be eval uated. Those entities which have desired binding characteristics

Wi kI di spl syoemhisit in mass equal to the nass defect | abglernEypRekn @ very
conplex mxture, it is straightforward to identify the shifted peaks as a
result of the mass 5 defect. Description of the Enbodi ments Sequencing

Ter mi nal fseitate Shasidenti fgafien Ard arantifiqagon pikfie ptopicallaprriched metabpliteom the

i nventi onpLAYideS. ) one aspect, a method for sequencing a term nal
portion of an oli1gonmer, conprising: (a) contacting said oligomer with a

| abel i ng noi ety t olncalditiertlsyquatdiag imdadertdibsiontod olip@mérsmass dsfeof latidliag

ol i goner and form a | ahel ed ol i gqmner.. the .l abel.ing noiet onpri sing at
Penst onsabpetEn Rabf i et ing obip PERLIRHEE PRl SRRy ov: S0
that 515 ofgérlere kKRB protsinSlekictBB asdibligdkaceRarfd@@sphor us; (b) fragmenting
the ol igoner by enzynmatic, chenolytic, or a mass spectronetric

fragment ati on net hBEuteawa exehanghmeiodgiaet (see, Anderem el Valbiel dem) i gomer
usi ng a*rﬁ§(§ r ' fir ' tq.-determ t:he -sequence
of at |east ps\i\op‘@t%grl(r?n%%g(?j)f %%Sib:ﬁ%gégs%%ﬁﬂloﬁg% 'S s?)nggtl&%g%%gé&leoﬁ%}'gnt lon the
ol i goner sioenturb endizgaing euvdlvedrin Bgadritinditd. yMoiatigs thalarcexpbgdgo soliver andse

sanpl es, bi.opsi.es,..cell extracts, and the like). Preferably, the _oligoner
P of aPePiBR AR by Botsahits Bl SxcniReine Been S dsHsEmA: 8 MUTh ESIZ 0l e
ol i QOOET rat€ M thOBreSAdt BEHQHerilel Kafir! sm&%&gt FBk6Ty¥is bPthe PYRLRRLA hadl t ach a

| abel toe the term nus of the oligomer to forma |abeled oligomer, suitable
for anal yiscsal applysin o8 theplsuteratedeand inendeyterstedpretselytic fragmenth oatselicBpeci fi ¢

met hOd.S"'ﬁH’gmﬁﬁgg hté)ciu?%i%%deﬁ&g}ré ngol‘%'d 1?1I gc?ﬁ?lﬁx ﬁ&%r@& Strﬁgt{lfall &Qm%ﬁ; or
according to established nethods dependi'ng on fe functl ona groups present
in the olbigdngepitopds.t he reactive groups present in the |abeling agent.

Typi cal ly, coval e attachpent . can be. pade through, for exanple, the
(omation’ of _am demnsgyarhelipdare e BGem. Braedh pisdeieshdepRsG s or

sul f pnat gsediténiaBel AWhigoMuidE BZHE thdchitREIESI 8 NRST dblierihdb By g stag 30
oligoner. A nore conplete discussion of attachnent chem Stry is provided is

sect i onsmosenigpincEpatatingelaments voth mpss defestathasean thegigbspecifiolréagbnegrospm be

At or bt HEfihe SRR fao G B bl T35 0P BEFGLPEBbkG RS

PCT/ USOLind@8fation about structure or function can be obtained by searching for products that aré -~

labeled singly or multiply or unlabeled with the mass defect label. This information is
20 obtained more readily and uﬁequivbééilly by the reduction of chemical noise that the maés
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

25
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generated by inconplete replication of the parent nol ecul e Q€Ag 2005
sequenci ng of nucleic acids). Follow ng the fragnentation o 'ﬁeq abel.ed
~oligonmer sanple, the fragnents are analyzed using a nmass spectronetric

met hod t o V@PH¥¥AIRe the sequence of at |east two, nore 5 PEEPVSHANISI t hree, '
still nmore preferably four, five or six termnal residues. In sone

enbodi A ) i i i ned.
A pr ef er e iEE FEERER B, AT 1S log BRI Bel/BoR Bingk R Soplch, STAEETL 0\
| n one gromhinatdriapliihsr dae e erddadedreTHoS¢ eritities diodhl hawg desded hyndieggrpr i ses at

| east one el enent havin atom c nu r of 35 t0.63 still nore

pr ef er abipragistss sl glsﬂlag agﬁ@dﬂ maﬁ)ﬁ%‘fiﬂg Eli’et | ‘gﬁf?@‘f"gﬂef%"ﬁ%‘aa EfBodi ment s,
the mi eloyndtQMRiKkISE St @Etréigﬁﬁirw%% edefliBNhe SRRBEb&Ms hE Drashlt @FiHREnask 0di ne,
europiumand yttrium StilTl nore preferably, the | abeling noiety has from
one t5o tdefesé bromine or iodine atons. Preferred oligomers to be sequenced
in this aspect of the invention include a protein (or peptide), an

ol i gonucl eotide, an oligosaccharide and a lipid. Mre preferably, the 15
ol i gorerpeéserigtiag of thie Enfleadigaewtsi de) or an ol i gosaccharide. In a related
aspect, the invention provides a nethod for sequencing a portion of an
oligonmer. in an oligomer m xture, the nethod conprising: (a) contacting the
ol i goner m xtgé?,ge,m,;‘ghr@.mli,g};%j.tmsr;gyb@,gymg,g covalently attach a label to
one termnus of the oligomer and forma | abeled oligonmer mxture, the 20

| abelli ng noiety conpievgifithy above, daespressnenedsioprmrotides in gne aspaclomethodnber
from_l?,ttoo 77 LOVI nt is other than sulfur or

. he .
phosphor u%?equﬁcmgéggﬁwﬁﬁgﬂoﬁé?\%’éﬁgcfm%’gﬂé)g?pg*cf?ﬁi goners in said oligomer

m xture; and (c) (Hnanyiingsdideligonie maitl adhbdmpansiedyrooosieply@thcty a mass k

-spectronetric nmethod to determ ne the sequence of at |east two term nal
r esi duedabel sosthaisamgus ghthe oligemenangd f?lﬁl%Hbéleggﬁgwero%e@%%mlﬁt)' on can be a

m xture é&h’gﬁ@l&%éﬁ'&:ﬁb‘f on@el%é{tlﬁﬁﬁpg fin HohBOAUAL &SI ES to W,d'ﬁlfﬁ[ tHé Sro_foso'lthat'

ol i gosacc a mxture of ITpids and the like, and is typically
obt aisnedsafdraderrant isiotheyghapahlfsrouwpbespheeh as a cell |ysate. Alternatively,

sanpl es can be obtai ped from.aniyal tissues (.di seas or. . heal thy), plant
extracts, bacteriglti3 Eﬁ%]?%’é*&,gﬂ%ﬁ"ﬂ‘a%f’m% r ged! aé‘ﬁ’cfifﬁ“e)ﬁly%fzk%r.a f%éferabl'y, t he
ol i.gonmerspaitidnet fiasncathtibe akthodl &fd ed to reduce the anount of potentially
interferring conponents using nmethods known in the art. Labeling of the
oligomers in the & yehsmgthsiragraeniedlabpdsoligamer yaing grpgsg psshipmelie: -~

Geccr ) Dol e AL SRR Rl g dingr e 1 e
can Ie acconpl i shédthisispert 27 thedn@alig668 bligomer can be obtained from essentially
| any source (e.g., tissues samples, biopsies, cell extracts, and the rl_ike)_. Prefcr_ably, the _
oligomer is isolated and purified to be free of intér_fcring components. The i_soléted oligomer -
- can be contacted with a labeling moiety to cqvafentiy attacha I.abéllto_thé.té.lfminlis of the .
oligomer to form a labrelcd or_lirgomer, suitable. for anqu_sirs_iby 'masls-_spéctrome_tric C
25  fragmentation methods. Specific metho'ds and conditions fo_,r5 iabeling an olig.dmer‘ 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 attacﬁment 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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‘at | east %t ERFH A"

|

PCT/ US01/ 49951 net hods such as capillary el ectrophoresis, ?Rpﬁleﬂo rmance
[

l'iquid chromatography (HPLC), gel electrophoresis (in aI I

chromat ography (e.g., size exclusion, ion exchange, etc.), or gas
chromat ogr aRhtoeésez Nname a few. The separated individual | ahelegd;ospomers
obtained fromthe separation process can then be anal yzed using the nass
spectronetric 5 nethods described herein to determ ne the sequence of at

| east t weencerted ainconapleguenicatidr efftiey pastnt, melheulatess, sspeasemgrdniideinet hod i s
ESI - TOF I\/§ )I n one group of preferred enbodi nents, the | abeling noiety
conpri ses %5[ | east one el enment having an atomc _nunber of 35 to 63, still

nore preferably 39F4lwisg the fragmeitatign ofthe pbled olif@ndrsamphy tierfegments are
enbodi ments, the noiety conprises at |east. one elenment selected 10 from

br omi ne, 2iAhReR ¥sing A mast SReFiERTRELyE Mefhofhto Pfﬁwmﬁﬂw&weeﬁep%ﬂwt 9eTPbel i ng
nmoi ety h@&gér{egmm&e sﬁwn{ow]ﬁefe%g%nﬁ % ok O tBfhiR} QBduck NP €l at ed

aspect, vent ' on provid thod for sequencing the  term nal
portion ehbahmeits §ereequenconfrevei qrgnor(saf)mnmitrewmemg detefinmetl. @l prgrred sanpl e

V\nthalaelln noi. et ahalabel to the term nus of
the ol i gomssS P&A Hmi‘%? neéﬁ&P%ge 68%1%8{1 %%lﬁ'ﬁ( Fe¥eling roiety having one
el ement with an atlarne griufto€ prefdrasd einboldments, tfw Tabeling endiet9\comprisdaat lekdne

el enent |s ther than sulfur or ph hor us;.. (b) conta ting a second
ol i gomer °¥& fﬁﬁn@ltmlﬁganpta%q i%beﬁe? %{)SP 9% stlbinareprefepab h??gw AN ZHP t o t he

ter nﬂ@usofﬁarﬁ&%rﬁj éi\;’lgt%ff@(f er?rﬁ'(frhnfn‘é’i’itgntﬁe ﬁ%iﬁ%{lgor{@%% 2deQk blgé)é@ﬁle ttsgl%ctg@

| abel i ng noi ety two el enents wthh an atom c nunb rom1l7 to 77,
wi t h t hefrpmdwémsige, lpdlat:, aupepigh eneyitrsinc.afiti B enarbpre§amtdy;she tabeiﬂ@mmetyﬂus are

other th sul fu haosphor.us optionally, repeating step (b) from
one to tﬁ?@onetq{?ﬁ% THC LG9S &‘ﬁ‘%\’g ol i goner sanpl es, wherein the |abeling

moi eti es have thr emefehedbli@mdri WEbeReQUiERIBES in thisQSRREHT tHe inkentdrd iAclade at omi C
nunmber from.,17 to 77, wit.h the provisg that the elenents are 25 other than
sul fur oPTORs OB RERtISS), ap@lizonucleatide pr oliggrardrids frglherid. MosrPEfEpRly.(By

t hr oygh él@mné‘?s)a6&%9{;@%%%3%'0%?8&%%&degom?r5 using an enzymatic,

chenol ytic or mass ric. fragnentation nethod to produce | abel ed
ol i goner fragnentsin aanute@fa}peat;dieynvmngonIpeom@selredh@ﬂ fogsmprendinggpetivs usi ng
amass spe trqmstrlc lggﬁna]g[gent at t.hod t.o determ ne the sequence of

tu’?r{k Hg’ JSPRBPSPEY at ed aspect, the present
I nvention provi desap combdim gtﬁhfoh ﬂwmﬂu&gwﬂh@mbreluﬁg\mefet)afb@k/mem@er

comprisi at?ach %?ab]eISto onre ItflrmmuSSOf \t/i\g o(l)é{)rgg? gn?izfofmcylélj)%%/odﬁggggjer mlxture the | _

20 labeling moiety comprising at least one element having an atomic number from 17 to 77, with . g
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. Preferably, the dligoﬁer mixture has

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

Labeling of the oligomers in the oligoner mixture can geﬁerally- 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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(a) fragnenting aliquots of the oligonmer using one or nore 364 .Hlfi.o(bs
enzymatic or chenolytic fragnentation nethods to produce ol T goner
~fragnents, wherein a different fragnentation nethod is applied to each
aliquot; MHVBAActing a first aliquot of oligomer fragmGRESOAHPYI1Ia first’
| abeling 5 noiety to covalently attach the first labeling noiety to the
term nu oligoner f nt s d,oli . f nts, ’
the f1r arethodsafiey BMTRD AEASPRG S B el R AL SR SO RS 01 15
to 77, wel éledthophpresidiimalltiRdbmidechebran®piaphys(eqt, Bae ekdlagion Wb exchaige,
phosphorus; (c) optionally contactin he ot her. gli.quots of oligoner
fragme nt%"-lnP% ﬁascftthg‘é’f'am@H.ﬂH” K Rareq 2 feé‘g eﬁ}er?@?%f"iﬁ“a@’é 1";6‘9‘51"&&“]“‘3?5 attach
the di sighfiided AR HGpRIRH frESest Qa.rLi!?l@n bEEMHIed King e nlst GRERSmeFi@gMeNt s and”
form | abel ed ol igomer” fragnents, the.distirnct |abeling noieties having two
or nér e nedthorsdescribied heraim tadeteuing dhdeequénco of atfeasigwpemipaliiesidwes.pr ovi so t hat

the ele s.are other than sul fur .or us; 15 (d) optionally m xing
the ali (?égﬁfrsabd’f E}eaIB%SISé'%FC ) rlnﬁtg?’r%lre fle{%ﬁgpﬁ?éewg%d ~(e) analyzing the | abel ed
ol i goner fragment 9n ufid frouRonNmefersdeaiboditiints the labalimEnbrty @mpiigtdw deakd
determ ne the sequence of at |east _two resjidues of the oli gorrer. | n

cert ai n 99F efeRicpEhpvanaSAteRIsumbenaf 33 e iitlbgore REFEY 3%ty shelrs? Soup

real | 00%&@9,1@91%? wRirgddeshoRi A, thORBletySdomippis@fat Ik RitnRAtselected
fragnentation. In“still another related aspect, the invention provides a
met A8d fimm bemisn codige, 20ropivpoand triuwd. 3l vloregueferablyc thepaticting groiehahas
prepari :Ii% sevetr&LI aLi uot s of. an, ol i gomrer sanple (b) contacting the

ol i gomer ™ hOEACH &P B 5 PRI 24l i ng noi ety to . coval ently attach a =~ =
| abel to one ter ninbge @farddepedt] the Fven@thrbdidnanthbeie deqeh@oimbe m xture,
wherein each aliquot is_lI abered with a | abel containing a different nunber -
of 25 elt@Hdral PoRiORofgN AREURSNFAMPHMBEr from 17 to 77, with the proviso that
- said elenents are,.\0 : : ; ) ANt i ng the
| abel ed ol i goner i(ar? éedg‘ga[?ngg?%%;é ll%iu/ﬁlgp%r@@? @ﬁ?ragﬁlémﬁﬁe@ t('%frcscherrgl ytic

met A6d, . aftaibh sviakélnig thetttmineasfithooli gnmoatued forfiradabedaiodiigalequing labading” anal yzi ng

the f ted | abel ed ol 1 xt usi . tr. tri
f r agment S RHBE ABGCEGCRTN M MG BTl HEREL a7 ot ith HEFOVTRIPRi nay
resi dueglenwft kSR ihdn s8@@or phosphorus; ' '

(b) contacting a second oligomer sample with a 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 _77, 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 elgme;nts aré. _
25  other than sulfur or phsophorus; | _ o | ._ -
- (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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WO 02/ 066952 PCT/ USOL/ 49951 In a related variation, the invef h n, ovi des

\ ! ! ! & A 2085 V!

a nethod for sinultaneously analyzing nultiple reaction produCts r

deterni ni ng sequences of an oligomer sanple, the nmethod conprising: (a)
preparing g&yv@lgéesal i quots of an oligomer sanple; 5 (b) fragwmelinge the
oligoner in each aliquot by a different enzymatic or chenolytic nethod;

(c) contacting the reaction products in each aliquot with a | abeling noiety
. to covalently attath feaghwbehg sloquotssofitler shigomsr afing bee ecranoreispstifprendyrodte t o
forma | abel ed .reaction prodyct mxture, wherein each aliquot..is |abeled
wih a | BERTEd gy PATE Hs I PTG o EGT o B e MO A FGEN at om o
nunber fm@ngﬂgaﬁ@lrﬁ&homstdgpmémo%gymﬁ{aoghat said elements are other than 7
sul fur or phosphorus; (d) mxing the |abel ed reaction product m xtures from
each aliquot; and {(bd)contastings Aest ahquot ehelisaagr f@ﬁé?‘éﬁiwﬂ'g&éifﬁtd?beb%duct

m xt uges .of: | : Li S ITRY : gg}."%t he
seque%ce ngélerg%&%gg]g%u*]%&%hﬁgﬁn@ sﬁﬁ?lﬁ&?ﬁ%étgﬁ %eitgorrershﬁﬁ]ﬁé(glrﬁg?%gﬁ arls;ti on,
t he i nventd dmpeimkidddzomentidiehts, dhie Seylalerhiog mpiety plavnglont ylemént with an’

ol i gonucl got.ides, in a .the method comprising: (a), | abgling synthetic
or i o BiPRib AR ot BERR 7 widhdfe BRvS e SERl et ot SRl Sy ot |
attach aphgphbrub:0 one term nus of each primer to forma |abeled prinmer 20

m xture, wherein each prinmer is |labeled with a |abel containing a different
nunber of el ement s(Chapfiapalrontagiingtha alsesliquptsal phigemeryasmgnisiitpthesr ovi so

L hat 1b1e ARKEL A inPBicD Rlcou ARy SULAHe Alin2NE6ARGIHS &R 1RddhRg of SamPl e
tenplate to the el'ed prinmer mXxture, (c) synthezing a pluraltty of

| abel ed thd digmmesirégnumts d1d femmizbelet elipdratrdragynen@sthe aisyinett lapeliog molesins cal

met hods, ,and (d) anal.yzing the | abel ed ol,i goners synthesi.zed i.n step (c)
Usi g hagte b Rors Kt il HHORG nBitar fome h e sRihdratout Bridie bl o
t enpl at eelchiRnBatdbtiRdr thdemtut &tgmRkpisRect s and variations, preferred | abels
are those containing elenents having atonic nunbers of from35 to 63, nore

preferably, 39 to ®3 optiondlydeses the dlieusthad labhslededicpmer lragpends andbf t he

described above. | ba ars SRR O bR RaBhds yhREaFRET yRReHRNR "o

PCT/ USO1fr8@&iation method to determine the sequence of at least two residues of the oligomer.

In certain preferred embodiments, the fragmented :1‘abel‘.éd"bli‘gomers are
reallocated and subjected to additional steps of labeling and fragimentation.
' In still another related aspect, the invention prbvidéé a_method for sequencing
20 arportion of an ol-igomer,'compri'siﬁg: o R o
(a) preparing several aliquots of an oligomer sariple
{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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The | abeling of proteins with various agents in an aqueous %Aﬁiil%s
aqueous/organic solvent mlieu is known in the art and a w dé fange of

| abel i ng r§?)qents(_and t echni ques useful in practicing the Er esent

i nvention AE"%8YA7 1y available to those of skill in thePSI{USOKERST ¢ o
exanpl e, Means et al., CHEM CAL MODI FI CATI ON OF PROTEINS, Hol den-Day, 5 San
Franci sco. 1971 Faen@tael vtiationWDIALANELENiSS FRGIE MSsinfitGRoulyTR TI OVAL
AND PHARMACOLOG CAL ASPECTS, Advances in Chemistry Series, Vol. 198,

Arrer i can 2oHlEEng giultipde tdaetiqn prodedis g dearmimngsequends of Feeligoynes samaple, tROOD
PROTEI Nsﬁét%é?cgﬁ . THROUGH CHEM CAL AND ENZYNATI C MCDI FI CATI ON,
Advances 1 n em'stry Series, Vol. 160, Anerican Chem cal Society,
Washington, D.C, {&7prepaig sdesrabatigosts ofinQlighhidedahipld0 TECHNI QUES, Academic
Press, San Di ego, %Qg_ Label i ng can- be conciuct ed aruij PSTs determ ned from
either the N or c(bk EpgmsmHmedherlmomeni G3eibaliquet by dilferashensymatis okukar yot i ¢
pr ot ei ns cRERoIiE BlefHogal acetylated (see, Creighton, T. E., Proteins: '
Structures and Mol ecular Principles (W H.-Freeman, NY, 1984) and are thus
refractory to N-tefq)¢nmtactinpdieirpagtionprodyas in aahle abguotiwith algbgbeg pioietyr oup of
15 such ' i mes._be u as | abel for. purpos of .this
Fovent 1 olb GO FEN RBFES oE Trfiul BPle Bc it A ibere Se e HRER 0T et dues
of the Nptm_ngi mMrh,lswix@eihzaﬁi 'z_ﬂidc(ue_t ig _la,gel'eS wéith al 1ytsd] @ta&ﬁfngiaﬁiﬁﬂ@erathiuﬁﬂ:gﬂ&me,
aspartic aci or, glutam c acid residue) or_ can be derivatized to be

o Japi &f nf§ having ag SIQRIC NEBPPHEOM AR &P @%t@ith%pﬁ%@? H@égﬁé elpRERs diengl y,
strat egi gghel hah A& BbhbShordshe N or Ctermini are provided to afford the
gr eat est degree of segue-t:i ng ability-for any 20 given protein. Once a _
| abel is sel ected, (& secunthellaiteledmeamtigopiotiimtmuatrdsdronpelichiabghiot;candear ch  for -

masses that correspQnd to.a modi.fi resi dues. racteristics.of .the B
Fragnmentation SpecFeSaa Hélﬁg%%g"éﬁ?ﬁ%?ﬁ‘%ﬁ%ﬁw pi‘i%]llc s’nB(SilEFSc%-I[StQFS(FHéS‘%nber
of ions @GuntEréiatic mdhdd ol deRrind @letei@hcdbBdt @easttho rhorBhend inwid ch t he
ions_ strike the detector plate determ nes the nmass to charge (mz) ratio

of the i 8H8YRFT king the plate. The detector plate is calibrated with known

n z nol ecul es. Each, 56 L ;R/zgl?autfoin%e MV@?[FH@ Cﬂfng\ﬁfl%%s ﬁ%gif%%u%ﬁéiﬁ%ahen

assigned an average e and co , Z ratios of a :
def i ned phmajsy wholigonusledlides th osaniie themethodedraprisiiegsi gn configuration of the

instrument. Generally,, the size.range covered b ach 30.detector bin
varies as the squa{"fé 'l?%edwgéfn%'ﬁtécl?ﬂ ef?/&fﬁ?é't mg%@%&”ﬂ?ﬂ. i1 IAREAHE “t har* t he
absol ut emofap fo qvERhEY Bifact QUEIBA SESMbrTInsHE E8ASPiiBer® Zorhh TebBedBriifier
spectronmeter. Noise in a mass  spectroneter is always positive. Therefore,

t he 40 gnBixtpzs, whepsipscagh erimer istlabetedayitteylabel containingn diffgreabaumber of 31 WO
02O QSRR e RGP U AR S e
t he truethenetidiror phogphons; depending on the relative signal 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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strength of the | abel ed peptides and are deconvol ved by the gpgfg%gsnrof
the invention. Relative signal strength being defined as tﬂ

peptide fragment ion abundance relative 5 to the abundance of other ions
and noi se iwotbeseBss spectrum The first feature is strikp@fysdiligesget ector
first may charge the detector causing a baseline shift and increasing
abundance in the regi on above about 500 anmu. This is observed as an
apparent basel i ne sﬁhﬁ@hﬂmgpﬁﬂbﬁmgsWﬂsﬁ@@@$ﬂﬁm@ﬂngmwaw&ysmmhabﬁult|pIe

charge St@({‘u%éus?c{{g&hgscﬂ%n? tlhx#ﬁﬂ#u?ownm ﬁl[%?d CQRL" :I::% 13%6 Iocal ba eline

variations'1n osr .ONS above a S is
10 nore cieeiand;qgsmb&ermgdacnangﬂgwraeﬂx iatentiba amasadﬁly@mlaatmu%cﬁbeﬂikxﬂ@ﬁo amu.
The secon featur observed is {&ﬁﬁwgp t hat hi ghly fragmenting

" condi tion frﬁX@PilP oY SR 8 IRIGATIR PRRRITER B Aldg L)
resul ts i ns;ﬁcrr:ﬂamﬁrc%awﬂ abuedang eMIpIfiE A AGTBRPrO@NE: FodBeNUSRITIONTRSKD! O

charge positions in the mass spectroneter. On a mass calibration scale of
12C defi n%*éh%cmogm(;@%@h‘eéévqsmtlerGinelfnrsagrﬁsncs Vob A8 AAwbrgaadiheniisl i ¢ 15

R e L B A e S TR

t he mass @@mrt:numnﬂmymﬂr:agmmeﬁko&mmkessp&memgtrySeﬁ@ssQ’roverdot0 vary-
slightly with th ' is i bel i eved to

particul ar_pratein ragnented. This is
be due t Fr@fwt&eﬁnrir@ﬁ@ﬁe@swﬁﬁhlr%ﬂ»ﬁ Erdfihian Bipeasen. GHOSPNPA&THr ot ei n or
of the fTRIMRNIS, A@meﬁﬁ@p[tegdsgupm‘ %Qelg@gaks at each anmu. 20 At highly
fragmenting conditions virtual the peaks in the nass spectrum

overlay this nearl yLabehlrﬁﬁapéﬁFerrdlrld(emag@P&queteﬂmnﬂdsere@emIti@dﬂu&‘t@—on t hat

enabl es* t el nvention.. Fi r t,of the
peaks over ay tnf@§|gnatptr§tr3 n %qf’ flg(agﬁg?ﬁmteé? B‘QF%"F{T? |
pattern) (ste, Cseiglmss,ihiE, Hraemasﬂthlytuﬂ&ssdnﬂmg&lb@h'arm(ﬂc@lelle Ip@ﬂ:-léﬁlanfmm

| abel ed fr ments that |ie off this periqdic _spaci nl?’ such_as | abel ed

f r agment sl ORAETS; 5e Sws refEcionnig N Nt fabelng Hpveerd raswrhiscelyt srogp of
unusysl nueh Br%feubd &Q'sﬂﬂreﬁrﬂ@ &Vusecﬁﬁ‘scé)ﬂgel f&ﬂﬁrr%d%@g b3S Shvedidh lb‘ay\@nlg Itehe

deternmination of local mnima and maxima in the mass spectrum
t he spectangier owre dlethe eminscicidd withim 4 wsilhesditheN-tedrimwsiin prizmblede. geustzer

determn n t ual _abundance of. co ts.a

posi t i ona}%l&f a%mm%s TG PRANIC O Y BTuARic R Sﬂg‘lé?r 8%‘2‘? arT‘iﬁPg tr”s?f1 eak
shape ‘cariofigabdeieay. JMyftSdlef RFiné, faﬁdUﬁ;\(ﬁfiﬁﬁﬁidﬁ&?CAE@errﬂglysﬁra&Ig!éﬁQo pbehdither
fragnenti E% conditions and this noi se deconvol ved or subtracted from the

rest of tfelN- ARSECEHBLAT boyideh insatiosd the septest dessernisemisneiog abiitt foe amanki ng
| gomppt h
al gony rgby q)rbt@}?xr QARG lﬁlﬁ?:s SEIRAEd, Q%E&ngutlbt&%léﬂ,%ﬁ@Hﬁe%%eqﬁ&ﬁﬁ{qq@%teﬁrgﬂ

produced the al gorithm of the i'nvention e art V\A||

appr eci atfer mpgses Gehenrrebpond ¢ apenodifiedresiugat t erns may al so be found in the
32 18 Apri.l 2005 WO 02/066952 PCT/ US01/49951 data and sinilarly applied to
assi st |n sequence deconvolution in addition to t hi s ITB.] or pattern shown.

Chardcteristics of the Fragmentation Sgectra 7
‘ The mass spectrum (Figure 1) is basically the numbér 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 plrite 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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Label s As noted above, the follow ng consi deratlons are re @xsﬂ 2058 t he
selection of a 5 |labeling agent: i) the mass of the |abel is preferably.

uni que and Breferably shifts the fragment nasses to regions of the
spect r um WPHMW2background; ii) the |abel preferably coRfFA{USEI4%¥ed
positive or negative charges to direct renpte charge fragnentation at the

N- or C-terninus; 11:9¢r51' fedtuf rﬁ%flh%%lss kp%cﬂﬁlﬁfo?rﬁ%gh)éntre@be?émé’&ﬁlﬁhhjfbﬂ%e

fragnentation con | tions and does not undergo unfavorable fragnentation;
i v) the iwligits idgntdenpopery raslk;ﬂleeti'mrameyl sefidnce.alependingeon therelages vgnal

Gt 1 or 9 g T vl e S0 St PR B b W bR AR L FORRGHE 1 ™

pr ef er abRylati @ RinaSsu2HgtH lbleﬁgld@ﬁﬁéaﬂasl\vﬁe tébéifz@pe;ﬁbd& tfiagimeit iof Bburkiancese)ativdre
| abel preferably increases the ionization efficiency of the qligonmer, or

at | east todbeabupdance plyyiperdans and ngisg 1Rthe ynash epecls; Tﬁﬁﬁr%é?ﬁ%rﬁﬁs kgt ure of
two or NREQekGH AR rﬁﬂ) %}%ér%' %h%}&%eﬁ c%gs@gsshs%ﬁné Qnﬁedﬁgfrﬂ:}&sﬁlgléﬂhﬁdﬁ?é?lﬁ:

-spectronetric patter agnent position. I'n“view o
| abel sethecdgiamrabovd dbeni 53{10 qumef Bhis schbberbel asng appareni leselameshithingbe nhaist have

a detectlo n nce mass nat ure 0 n and a
2 et F o BRI R Rl Bk OF TR R IS SR BRS¢
N-t er m niagal ®hseBndvLiaBbiik lnTtkbesardeaa@Iaty:ez FoSMiGhsGBOVASbodi 10D dnyu. arkiaahed to
either or both of the other two | abel components. 25 In one enbodi nent;

| abel® amaregkady phsepein Figyre hattrwérpomﬁe%@@@e ebRut 20003y to identify the
et 8 e hart culbPRloE Ayt PoleheaTP SRR oP Y s cHBRaf ctfaffi 50t 0P
f r agment(e.gnéidbmozae potentizAdfon ai&stturcsﬂbagnmtqman) syt id andnérgasexic iabtndance dfabel ed | |
fragments in the mass ectrum and the est |caII xh|b|t simlar
ot 7at | SHETHILOR SRARTAFIh O HEEPERGPISD T BRTGECaRTF e OF SBAF { hat

di ffer bééh@ﬂﬁm%cam?ffez@ﬁ&ﬂ)@d 28112 FBHGVN @.eé'e profe REem&Hs %r&%aﬁc?érﬁu&an al so
be used. Even two chemcally distinct nol ecul es can be used in dual

| abels nghattsmtqﬁ atdksmpactd alanharwm apad. Alt Hightyi ¢fficient Grgnuitation conditipaga f r agrrent
mass | adde e sa

wih doat amefs W RTREC TR e RAELE SRRl skl rRRGkAE: AL BT oL
enbodi rresphcmgilmbswetdao sanlightl pw@h Iﬂ@eQﬁh@dﬁlar@dapmruimgt&agrm&dmmsl n :
roughly becl)’le\}e% to g !illxe t%osgghtvc\ﬁofﬂ(a)rgrlmgg ?ngt?é elemental composition of the protein or of the - -
- fragments represented by the peaks at each amu. _
20 At highly fragmenting conditions virtually- all\th'e)péa,ks' 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 paﬁem (ora
multiple charge state analog of this patteﬁl) it is possible _to__easily_ distinguish the signal peaks
from labeled fragments that lie off thié pcﬁod_ic spéﬁiﬁg, :‘,suf::.h;aé,_léﬁeléd_'ﬁagmeﬁts wherein
25 the label contains.oﬁé or more elements with an unusual nuclear bindiﬁg energy. ‘Second, the
periodicity allows for the determination of local minima and maxima in the mass spectrum,
‘such that the spectrum can be correctéd for local noise, aIlowiﬁg for 'a ﬁette; 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_gmeﬁting 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 inventidn. One of

skill in the art will appreciate that other larger periodicity patterns may _also be found in the
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PCT/ US01/ 49951 sim |l ar proportions prior to fragnmentation on kBﬁ:%E5 One
advantage to this latter enbodinent resides in mnimzing t%e possrbility
of signal dilution when side residues are also |abeled. In another
enbodi ment wivg@ldseate sanples are | abel ed with separate | abgdgyseifisagnent ed
separately on the M5 and the mass spectra added together to forma virtual
dual ~ 5 label ed. spectrum, In still another enmbaqdi nent, the reactive '
functi onéll"“aé‘flgé'ﬁ“ aglygeﬁfﬁdaf? &89 HoTFAUgINe defonpRiuHoR M additiondp dis maier pattern
enhancemgpdw,conmponent and the ion mass signature conponent by a |inker.
~The linker is preferably designed such that it is chemcally stable and
inert, and such thagbdls allows efficient separation of the reactive group

and at | east one of,_the.ofher,t 10 co nents of the tag. Wthin_.a
preferred enbodi meht "SFIFRRG H‘\‘?i‘ﬂ{“.‘%ﬂ% c?'}r%g&%fa%ﬁﬂ%?reirglexm%g’gdelf)“ftmﬁ of a
hydr osar babeligdhagent:or, nost preferably, of a hydrocarbon chain Iinked to- an.
aryl or -heteroaryl. ring and referable¥ provi des additional separation

bl

bet ween t he i oni zalll B¢ §lRsUeF tAn B0 AEPIeteiab i yuigre asl prefably shiftp e fisg@ertt ood

by one OfnaReediREns b thk shdtrliEyifd fow Back@bl&ly of 15 hydrocarbon chains and
nodi fi ed.hydrocarbon chains nmay be utilized within the present invention.

Pref erred hydr ocar isbthedikel peeferplily hontaias fxedpdset eton negagivelvbargts toidirgetmay be

found i Pe“t‘&gﬁﬁa?g‘]‘. %%%ﬁgnta?iloﬁﬁpﬁﬁN-“é’irgﬁte%irnt icularly preferred linkers
car 0 “about

rangi ng rrom atomns ¢3rbon atoms in | ength. Wthin a

pref@dred enmbodi neiii) thé lablds preadly fobust Uiderd thBk@Ementafomctdanat byd does
-al i phati.c_am de, or secondary am ne group. 20 Detection Enhancenent -
Conponenf® URdergp dpiaveiableirRgAteBEoR: conponent, as used-herein, refers to a

portion=of the | abghigi.p0i&ty Fackl : L,on. af . tein
fragnents in the bniggstﬁ%lsg?it o%%lﬁgrﬁ& IJ%g%kc‘)drbmfgﬁl%?g?%ﬁ%}gg%étofc%%%gﬁ)h‘g’ncenent
conponenpartigirarhy deniatieing cpobtioisydenby heprepdiblypan dourid forebe belinguther or C-
fragnent ;_[iﬂ%r&s_conditi ons in a nmass spectroneter ionization chanber, or the
conponent” can~’provi de a negatively charged ionic species under

fragtent ati on condit ihegeicd pfaeimae@p@%m@mm&blietmictzsmlsq;raff@mmﬁrof For
many of the detection enhancenent conponents, the amount of ionized species
present 9% depend on. the medi um used to sol ubilize the protein. Preferred

(detect] on enhance g in i YRatsty ihorfses BRRGHiARoh MciGRY o thABACHAL & 2

positive or negative charge) can”be classi Into ce categoriés: 1)
conponenatdeast fiees nobsuppressigratd charge, 2) conponents that carry "soft™

chatge, and %) COMRAERL Sl A8 ol YRR RIS RO e
car r3o " heeties ehghg@tedl i @le g epRibmetic Rkt ERAllaBIE] 78 poditige. |y
i oni zed under all conditions, regardless of nediumpH "Hard" positively 34
In view of the label selection criteria, preferred labeling moieties are those that :
. 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 T Ih_ one _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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18 April 2005 WO 02/066952 PCT/ US01/ 49951 charged detection §Rpﬁ%§$ent‘
conponents include, but are not limted to, tetraal kyl or %et aary .
anmoni um ggiou?s, tetraal kyl or tetraaryl phosphonium groupsle and .

N-al kyl at 40806yl at ed heterocyclyl and heteroaryl (ePGICSBYIRPH ni um
groups. "Hard" negativel y-charged detection conponents include, but are

not | i -m digdat Mopbrabhdridetd rAEMERLEAPSGYIhe MB. a0L Fivatiase to3hiCRPNENt s t hat
carry "soil" charge are arrangenents of atoms that are ionized at a pH

above oremdimentiyesides pxaninimagpe thei ppasibility ofsignaldilgion sthan side msidues e i n t he
cont ext r ' L On, 4 sarR9& 4rd ¥aBelcd @K I t hose
bases vm'%]o fgggﬁgu%lfﬁgglre lé%%‘%@‘%"%@ndugﬁg%% g}"g?abefry g?ggt ét?%té%déér}ggagj,gﬁhnd nost
pr ef er abfragnganéeat epartfebnornlthe MS,tahil thet thass spatri estdedobgdting te formentirtiai dedt i on,
"sof t. egﬁgtci ve charges include those acids with a pKa of 10 |less than 4.5,
and pref @Paf] SPPEYE: than 2, and rost preferably less than 1. At the

extremes of pKa, hRaAla6ehér enfitALAGSE, AP RaCRE TubdiRNEl drb§Ak is@Rara&d frbar d”
charges. "Soft" positively-charged 'detection enhancenent conponents

i ncl ude, onswr barheofileg dqtegtion eahangemant compgprnt andshR yan ragss sigppturegompanenh
0y U SHPRAL LRSS MUGUALRISHRTVE Bl AR, 8- O
guani di nochytimt iilotwSefficient &panegadf thelryacohaggepl antbitdetsi ar of ticotharent

compgnent s i ncl ud but are not %i mted t.o, altk%[. or. aryl carboxyl ate
o oub g o etk e tsrE pECodifin G inyigRuhe BB Fonat e or
phosphat @niloQstPsf. a iyAkodAfon chikalof, med Prefe@bly, o f1B/AER AL OHAR linkd thiah]. be

understood by one of ordinary skill in the art,- the groups will be"

acconparirgldripgtesentyitring and referablyeyides addisiogel sepgatiqndhetvesearthy enizaplehi n I
vari ous odi S . ounterions for positively-charged groups include
oxyani oré'g%f ﬂ}d;@g?iﬁlgpégﬁu i'fganic acids (e.g., acetate), halogenated organic
acids (e.g., trifAdwilbec@idetsejod Bruhe@f gatnasybKil iathe art( €vayiety of _

N- nor phal i noet hane sul fonate).  The ount erions for. negativel y-charged
groups i MREFERPOS ?‘"%%WP@%CQHWHF%{E%Q‘H"&H%%Yboﬁ‘}&‘/‘flecgﬁg’“f"é}r‘?? Bigitbni um
cati ons, iy adfiod! Pydferfid B/d¥dcaftidhn ANy WnGRlaORechetfro %ﬁﬁﬁﬂi@ tha\Pbe Bhfd
neutral but are in close proximty tofprot ein residues that carry "soft"
char ge (iety; famjlyiafelkahess withipagicubaryipn¢famed ipkersamngingGpm, 2 earbaagsemstoc  aci d) .
can be det ect i on_enha nt nent,s. | NctNi e, 1h abel
carries atr%’égt?zo(ﬂléazr%odl oy 6“9?%%& gﬁ g}qgﬁ g&g}g%gﬂ?q}%ﬁﬂﬁentt 82@?6‘?\"‘%@ naﬁt(l:eel }f'g(ﬁ{ “i's
provi deds byhénefigay diphficoinsiie, sresddiiderytdidhe groap.r i es charge. Wthin the
context of the present invention, close proximty is defined as 30 within"
abo#® 4 resi.dues fromthe |abel ed termnus of the protein, and nore . .

preferably within pahout E%h&ﬁ&i&”?é‘oﬁ%orie%- | abel ed terminus of the pr-ot'ei n.

The detection enhancement conponent of the |abel can also be multiply -

charged or capabl éA détettonamhanyemeht ¢ophponettaasgesed heren, wfeantol aaqorﬁon.dﬁm Wi th

LTRGBS oD AR E AN LRGSR bRl R S IpLSB RS €5

: Accordingly, the detection enhancement component can provide a positively charggd_,.i_bqicu L

25  species under fragmentation conditions in a rﬁass spéc,trbme_tcf iorﬁ'iatiOn chamberr,;ol'_.tlhc_:'_ _
component can provide a negatively charged ionic speciés ﬁnder"ﬁ'agrnentatiqn c_o.ndi-tio_ns in o
a mass spectrometer ionization chamber. For many of the detcction‘llenhanccm_ent B
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 “sbft" clia:_ge, and 3) components that |
pro_vide 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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mul tiply charged species (e.g., phosphate). In a representatiV exanpl e of
this enbodi mrent of the invention a species bearing nmultiple carboxyl ates,
such as, s om6asEp! € a pol ymam nocar boxyl ate chel ating aggAtyde®qss; EDTP,
DTPA) is attached to the protein. Methods of attaching

pol yam nocar boxyl ates to proteins and other species are well known in the
art. Seetharged dsieptiph enhappement cempenents inghadsp byitareunt difnited tajitetonalblybbmt e- Tagged

Protei ns | ) | ELCAT . INS: .k

NUTRI Tl ot\ﬁ'l[}g”&%@ “@M@Eﬁ:@?ﬁ&ﬁé&-f”&wﬁ%ﬁ@ge Sapd @g‘ﬂamﬁ{r%ri can
Cheni cal Noawylatdheterttyshil agd beterobryCie g 19Bidinipp) grd - 3Bard Keghthalyethadded

Bi oconjugate.Chem, 9: 10 -1%%1998?,; .Hgon% et )ﬂt Bi oconj ugate Chem, 8:
249- 255 ?i%‘ﬁﬂ.comoaenéﬁw uglfs Bk ATeIO! i bios SHAYIOH g T FReR) PerafoPERSy

char ges can be pUFGBﬁE@&Entthétdafr?p%f?’fﬂha:!gii'afb%rﬁﬁééﬁ%% SGESASI £ L 0 those
of skill in the art. For exanple a | abel |_ngf , holrety bearing two positive
char ges &uvizedat p pHialipye erhglavaieirpKes wppactvely fiembased iandreids)( &Vighin the

et hyl enedj am -- T epr.esent at.i.ve,. t b c.rout he. diam.ne ds.
nonopr oL.g%@g%f%ﬁ}sﬁeﬁgﬂeﬁééﬁ%E §ﬁ’kﬁ§8\?\tn p?gﬁh?%%ar %% mgf%uggh?ge P\%S §b”?t\6‘tag'%{}1e0£ am ne
noi ety | greatebtlegBemefeyably pickiel diae d 0, ldmdwdshpefesihdegresebiar | AgWithén B NDr e
positive char e.g., (2-brqnogthyl)trinmethyl ammni um__brom de)

CAL dri ong I etsgh Rt fitin QP o et HERINABR BSe BROVT 068 PRAOEact | ve

| abe]d NYless RRE USS akBAEIRBIPIcsd MRS Y, WOnRPSleldratty RRARIES. AMAHUExRUGE 5 NPl e
synthetic routes to nultiply charged |abeling species wll be apparent to
one of 'sRKp|th¢ fsofif ehagges appraaoh rlgssifiomisn aSihgritobangesCoiBobi pasitifHp-chasgedmass
signat ur g, t s .th ortion of ,t.he | abel. Fety whi ch referably
o bi o ECARRARER:chnt'cORwBRE: AEEL Hhl Ge b8 0T o o Ty oB8F1 T

| on nassamsiogiuat giveps; auRGesAl andnabuldemitedicRdcgslyl dhdthet@odipi (e@f,f i Ci ent |y

i oni ze under. condi ti Or}ﬁfﬁy: n WEéCh ggot ei.ns ionize (e.g., aromatic carbon
conpoundRYTHRUR BfOURS ahgy! aebIchH{Rpseos ARINe\Brolps, A gydniding €Foups ot

i oni g§ ng Adéty cRBged Q&SR Ak McMbiliicBinYortRai | gyl Lt %' types
of chem Igg%a en ict_i ges can lbe euseg to tschi ? thég(fqune}gn%}sagegﬁg%gﬁrtg’of lt he

am no acPirrybaseboxplagst grefess, alikyleartaed stifonateegrbesesnd(aliftl or afyl phpsehdratd @wn of t he
| abel ed 'o%éﬁzit@%rdh' . the mass spectrum As a result, the |abeled am no
acids and peéeptides-are readily distinguished from unlabel ed am no acids
and peptides by t Heairbothdfhardssd Pedft asharged gtdugs, e &ill b MglefRss BARLIFUM

ordinary skill in the art, the groups will be accompanied by counterions of opposite charge.

20 For example, within various embodirnentsr, the counterions for positively-charged groups |
include oxyanions of lower alkyl organic acids (e.g., acetate), halogenated organic acids (e.g.,
trifluoroacetate), arid‘organt;sulfohates (e.g., N-morpholinoethane sulfonate}. The
counterions for negatively-charged groups include, for example, ammonium cations, alkyl or

“aryl aminonium cations, and alkyl or aryl sulfoniu 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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30 In a preferred enbodi nent, the ion nass signature corrpon«,?gk 'l“%%ts a
mass to a. protein fragnment produced during nmass spectronet g .
fragnentation that does not match the residue mass for any of the 20

nat ural arWa82ee?ds. In a nost preferred enbodi nent, the PERUSKKYTI gnat ur €
conponent is any element that exhibits a nucl ear binding energy different

f h f 8 2066952 / USA /49951
p; S{n elt ngmc §{a}ﬁgﬁ%§§¥ h}%‘ﬁ%ﬁ ﬁﬁ@n‘fhfr%% § éA‘P S ée & Spgosgm& ne rﬁpreEFana S

Def i ni ngexpufpleathip bﬂﬁbdﬂ&enﬁcﬁ&ﬁ@hﬁ&tioﬁ atsﬁécﬁﬁ t;ehnh@ tultiifle sarbax ;0N BELhNBS S
standard (Figure 4), preferred elenments with ue jon nmass signatures
are t hos®, &rExumrie2pA W'WT‘J@GY‘@GFQ%[P%“%&CW (ét TP AERpkis afashgd by 17
(C) an ) r t Ss
i ghat ur R ML b B o B e e s
bet ween 88l kBryn iaitke £8 S@E@)r exafﬁpha Mestes ptcelf éPr@dﬂQBeﬁﬁnVslcf(BTelm&wdl on |
. mass sig ure mponen re those vmth veen 39 (Y) and
58 ooy “Pietisd BERRPE R « ShonbBREG I OF b EROROSIBBRNE D e bl
as each BfiatlesRoSICRIPRPSCTE X Hebhdy, kM., ElabARetisnl ORgsicafSocrugh! v equal
proportions —and nucl ear bindin 83 ener g| es that differ significantl

e

the peri WaskingemP-batlP&s. #Pobett/elagnd el Brosemuaatefhammdnd 88r1iA( %5) mass
“spect rO@é@@J%&J _ﬁgﬁ@t@hém ﬁ@@’ﬁﬁﬂ) tfo particularly preferred ion
[

mMass signature conpo ts as ey ex the greatest difference in
nucliar ' bi ndi ndn esenitpy nfanoen, taheis besnngmhumprhﬁrmm\rc cﬂm@srembqqnaéhaserd t he

-5'-55 '-ec{'ir:-um nd. bec the cor rat ed bel s.
R DR g et B e T b R B R LRI R RRE. O o1
uni que T 19B] eNBSariSd @lﬁﬁddftﬁe%hzﬁg&fﬁaﬁ b@%l&?@n@ézlsﬂ? pbq)aremcmﬁ@rdadnﬂde (.0

|'abel s 15 as chelates, simlar to the known Y (Lewis, et al., Bioconjugate
Cheni st refhgemdBntrg. (nompyesentatin sEnthetmaronicn e diamie is mpneprotpe{e@Hsing o,

5,891,6 e ture
2o e eSSBS 0 ARSI ERAER e Aol SRS A0

mul tlispl ywithasgres badvilg onaor mnﬁacpqanwatchargcs (e, e{%md:mmtbjd)tandtﬂylaemamlumucl ear
bi ndi ng ener or .C onsi st solely of elenent i m r in 20 .ear

b![ n;jl ng l@ﬂ@t‘ﬁ ;’E‘ﬂsgﬁh}é‘fgﬂ“tﬁlﬂbﬁﬁﬁ %Yreﬁ?;?’t‘@HE g?f@tﬂr?ﬁ‘ t%reagl];(?ﬂu?llf%ige ;
stat €s nNg¥c &8 fle@har@Es. "M sucRkindple h&i&! b @8s & muilkigr: an
"soft" g%arlgeseal ﬁécor pdgr at edosl nto zMt(ghe Iab}IeI Nulﬁu 9;|Vﬁ2 "hard" char gg states
bet ween charged l@e@[r&sppﬁm‘éﬂlbfdappﬁrenmotqﬂploésmhw e al“charge state of 3 i'snost
preferred when the | abel consists solely of elenents with nuclear binding
energies simlar to C, H N 0, and S. Anmultiple "hard" charge state of 2
is rmost 25 ' pref efsedlavh®pndive Cahplemont ai ns at | east one el ement

exhi biting a nucl bi ndi ng energy different fro
will be underst OOE‘%BW'UF?@SSéfg“éWq gompEnenR s %‘Ftport?ﬁ\f;}j ﬂ&%k";'%ng‘ﬁﬁ'c‘{’h‘aq' peaks

can ari %ﬁeﬂ%lﬁ%%ltﬁ 5QRIGuB forl HAYTRALRE iAMARE sﬁ&i@%l&%@%&o ﬂ%‘l&?m@ﬁd

pepti des ‘but al so
: signature component includes moieties that do not efficiently ionize under condltlons n.

~ which proteins ionize (e.g., aromatic carbon compounds) as well as molecules that readlly =
. 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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frominpurities in the sanple and/or matrix. In order to fu%ﬂs grease
t he uni queness of 30 "the ion mass signature of the | abel able to
identify desired | abel ed fragnent peaks from"noise," it is preferable to

shi.ft the habglfeshragnents to regions of |ess spectral n RLI m zi ng
the mass of the |abel . For exanple, it is preferred that ?éhéﬁpgﬁuﬁ%

generate an ion greater than 100 amu and |ess than 700 amu. The upper
limt on preteingathe mpjot tnmstitape$ of Btelns argp C, H, 2005 awomeﬁﬁﬁlgflﬂclear binding

PCT/ US01/ 49951 . bei n t t he ol ut e nmass

spect r omet €FC ﬁéréﬁmg‘ﬁﬂg %E@g‘&@ﬁ@ magy,s ﬁ%‘é&iﬁfﬁ fgﬁ?‘{egﬁﬁnﬁ?tsmﬁhght of
a | ow ol ﬁ?ﬂe@dﬂ M@ysgfghath@ba}e thdsc Rienien i asd Moﬁf&&abl@%%foxﬁf@: nefdeges on a
hi gh nol ecul ar wei | abel . An alternative nmethod for providing a nore

uni que nEXEvesy éﬁé@&ﬁ’éﬂ 1608, Raytigyarly n@fwdétlvﬂws £05 UpRSOPD BTaas @g@att-a‘gl e

| sot oges nol .
17: 9 458@11)%%@&(?% lﬁﬁeﬁﬁgilgfﬁg en%ﬁ y I né%‘?%‘g‘?“ﬁeﬁ%%eéﬁwa%ﬁ% uf eri un‘l%‘il gt ons
into a I"étﬁlelmqsgprnﬁnediylemnnts Iﬂatmed: mgntﬂms fpodtedercomipbhents &6 tldde mithtawmgicof t he
deuterated ,an nond r at b e resulti n SI n char fragments
that inclyRBs 8“‘[68‘6 desgééaj‘:l %é%’ﬂ“laf‘? alye H%m g@#? g’@"’ﬂ‘fiﬁ%l ets;
one at t ¢ thrags! Mabl@ﬁﬂﬁ%ld%én% dxhBitINE Gladk é&oy\estdh&d’gm E&%&d

| abel and the other at the mass corresponding to the species W|t

deut er at @84 puglear bigding cpergies hahdifisr signifiganily from shadresiodicipsak pattssel pbasried t he
mass @i f f&fﬁggglrs 3emBRLE: nttﬁc?ﬂaﬁlggé&mhle?e@u Tt eleEnii gl g &8 AsH atlc ﬁfaﬁ(\s Lt

the nost pre ment t he mass erence i s om a
10 anu aprdfrtreedsomgiass sigratgecstmhents Thihey exdabip tregdremest differendk in photear Sot opes

of - el ement s. t hat exhi bjt nuel.ear din es significan dlfferent
05 1 o Bl Rere T e pO @l feamnehe BRSLR R Sarits Brasnra aag becrise

pr ef er r eehdyarauaglyt lhﬁ)qf)&?it'@ﬁ iitd 1abw DahbiESh nictAd ARhEIHAPHRIRERS Ad rﬂ&@ut
50: 50. Anot her et hod provi ding a nore uni que mass Si gnature to a

| abel i ngPrefsTedtliptsiod upigus inaorisesianaturg elrmenty andsan aftry be mneporated ipfo labels
subst [‘St méé %ﬁt&”&&ﬂ&ﬂ% tihealgT%L)Vn v H?%/ § *%7?‘51 ézo oncuo I;:zgee %nf,zs 9‘3)%(? r%g é1J94ﬁg ment

peaks I s easl recogni za ‘mass "sp ect
protein alamElb(aZdrhﬂyleed Wi S. PagnriVoct 3,89 ,636) ehéla@l that contains a trinethyl.
ammoni um gr.oup and_t-he sane | abel. that contains a dinmethylethyl amoni um

group in place of MARAEL SRRAAHDENtAHMFHERR graaﬂﬁgﬂaﬂwomaﬁ%w ABYRSi et y
pr oduces cfewted by @ﬂﬂ?ﬂhu‘ltgﬂ‘%gﬁgﬁ%ﬁlﬁ&ﬂ s&%ca*}nﬁmpnpclﬁfge@l 14521 EdiEinsGpb@RcR that

differ by 14 amu frome ther. It will be apparent to 25 those skil]ed
in the, 8lementth mﬁ@regumlmhmdmaten@gs ocaan @msrataaqlahedf elpmants isinilaBioups A

L oA Syl P 5B Yl o BE SP
anot her foomed ithéhird” or “soft” 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 51gnature 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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of the NN or Cterminus am no acid. 30 The reactive functi orpgh gry4R can be
| ocated at any position on the tag. For exanple, the reactivepgroup can be
| ocated on _an aryl nucleus or on a chain, such as an alkyl chain, attached -
to an arylwﬂﬁ?;’?(é{rﬁ. When the reactive group is attached t&CEASAIYFL . or

. substituted al kyl chain tethered to an aryl nucleus, the reactive group is
- prefera 1 POShe | CRal ive

gr oups glr%] écﬁégglggdg# t?%gfg%rg%ldgﬁt% ef uP& P%&S%&lt?%@ rr:ﬁlyédQ 0%% @l\g gg 0 el6952

PCT/ USOtYy4ieesasing the madéqudpr tweeghp pEa b miolegalar iveighlpkel gehe iakdaging fiese t hat

are well_ known.in the art .of ., bi.ocon chem stry. Currently favored

cl asses "6f" eé%‘fhiafﬁ?g ogiaéug}hxgglgc%ﬁ g%ﬂgﬁ?@%@ed under relatively mld
conditions in an aqUgRsative rtthoddonOMIsY OMIRNINqSlaée Bignituleitey:
Particularly preferred chem stries that target the primary am no groups in
5 pr 6t eilAlelipg maiginintg lﬂ%PWtPéFaHerfﬁ%t?P?sﬁEIthfg‘é?d{%% fescspInds, Ga(gw.a%; uorides

(see, S ; i Thoals : . o lat - . Proteins:
St 7 ubt ur e g e DR too P PO ek by 1At b g el o1 €1 1

Ni eder wiatges intoa labelmg fubtehoald labeliBg thyeamiotgywit2 8 5600 89ftuerthe damatateli r s,

C.HW, et al A i gchem . Bi 111;209-222 .(1965), f onyl

ohi or 1 a8 nprgeysi1ael SETuE SR Rhesehd frgpaus fasbtida e 14 4875 )

~ cyanat esafibt idedtificas Bguallyintedds ddablegdné i thomusloasipondin 108 bpdids1972) ) ,
i sot hi ocyanates (N all, H D., in; Methods in Enzynol ogy, 27:942-1011

(1978)) Wifthibg @e@éeéwgate@;bﬂb@ll qng thamtherat thg masscgpespgndipg m%e fpccieg yritpthe SO
1982) ) ,gedle I ent She Blass di . Biol.,

g 0a: zzé.df[é\gm‘?{ lgﬁ;%)%%{ﬁlc ﬂilag?ng}ﬂ' 8 GithC'13 f%ﬁgﬁgﬁ c%&ji?]r?e Et},fthaﬁ!a,ss ;?Jl_ffe et is iol .,

acyFisoureas (Lonant, Bi ol .,
104: 243-m@t tifab3B6yt)], amhhithosiagloeharge state dnalky inost pldartadasnifdohamtdieanass. WG .

A i o RReA o 5bud iR REE sinp eenatgf Sue. FheaREGRISEREphy.
499: 579 rﬁﬂxﬁigﬁ)@otsop@@dfallemh@ﬂlak gasbRadclastyivdh ) e?éé)é‘s%[?ﬁﬁ&a‘x‘iﬁgﬂﬂfered@- S., et
SS .

al ., -Biol pectronetry, 20:419-425 (1991 referred exanpl es of
chercalfram Bs Hi NuGnard $ iecpreteasd t BranchEx Rlsmenisigisappst grebempest kstause dheei ns ar e

benzyl %g“bﬂq@o(%g&ag%@%w a&n%%a%%%rﬁgggg@em stry (John Wley & Sons, NY,_

1976) ; reifiel Cl ence, - 47 (1986); and Horton, H R,

et “al., Methods i rnbtizy metiodyor @ovidiig: 4 h8r2)niquemtkss signdiordi to milabeligamada,

H, et al., Biochem, 20:-4836-4?4@3-, artic Iarliy i f staql;fé*)ézed sing
N- hydr oXSRER et 10 RTRCRtem g phlkKT angror apyl sybstitutipypato grolahdlniuch B8t 131- 135
(1990) ) thHrfespddliida @6 81 SARPK Yéakk c?d_oé;isnga SOPRIAACHR RLR PERRRAT. ebrt 0 | abel

car boxyl ‘containing am no acid residues aspartate and gl utamate)

al 0§ wiekemplaathe ploteingache Bbelcdwith mb@@e_gzgé?ébbwéat costainseftumetighct i ons are
el e 8 R A U B
Academ of BregfisiethPhamBioadon grb8p.6 Thznshahag Aeyete prodbices tMORlabineA TbOpkakk for
PROTE! N%échAa(ljr;l/i%Q g&ﬁ m the éeqﬁence tl.i-at diffénby 14 amu from each other. It will be apparenf to

those Si(illed_in the art that many such combinations can be derived.- -

Reaétﬁe Groug. M _
- . A third component of the labeling moiety is a functional group which is

feactiyc with the N-téfminus amino group, the C-teriminus amino group or another constituent

of the N— or _C-_termihﬁs amino acid. | 4 _ | ‘

30 = The reactive funétidnal g_ro_uia 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
chgin-, attatlzhed: to an aryl nucleus. When the reé;ctive 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 .

38



in Chemstry Series, Vol. 198, Anmerican Chem cal Somety, V%F‘h g D. C.,

1982. The reactive functlonal groups can be chosen such that o not

participate 30 in, or interfere with, the reactions necessary to assenble
the tag. Aw@onabistel y, a reactive functi onal group can hemprsaigeesed from
participating in the reaction by the presence of a protecting group. Those

of skill in.the art understand how t r ot c a rticular, functional

or oup. sudtiodtieaie it bravat Mveadi e eensrlyfhh Bt arf ol knodp i et | on

condi t i onfiecdnfiga®cBEmises. Chrrdf1yl@véred bl'assgﬂgﬁe%@ogﬁér@@ﬁﬁéarh ddekd / 49951
usef ul prot ecting groups, see, for exanple, Geene el at, ECTI VE GROUPS

| N ORGANIURAeRviatiMEB RSl conamiony incap agUEYR 8T MNERAUSORS/OTEmE sollﬂplgmlbgu 5 and 6
rovi de the struct V, ne or
Pmre brom ne (Fi gu%ﬁgfﬁhr% éaeéh(\é ?%%%sg&gkdr%ol@rﬁ@rﬁ érﬁgqne s include
5 5 bBsonguoteois |(1mcltud1ag ithek, Nﬁemnmmm*r&mzdymoomnmw amyll ﬂnmd@s@@ebﬁmgm E,acid
BHQC), 6;.brono r nzal d ot he
Conmer ¢ dipgedy i PSRyl B Sh ettt ol B ToGRS e & Y.

ot her |ath${qaébn% NYi, {odhyNRUERALRE AVjiA: Mé:ﬁ&ﬂsnawn%m% poddnaigm),of an
aryl car bp)é)ibl c acid or a protected formthereof for brom nation

and i odi rf@itbrs, SfH&Fcﬁ#ﬁhfércéowﬁdmdéﬁcmhy A 20838061 268), shideny! efflondgs) | : n
ot o sudhra Wt B FRBGR i Ml RROBRLY WOTRH el RIS SR UG,
SO_nz 100OnaMeahodskin mzzymwgyezmm-m (19f73)r) tikte}uiocyapqleg(ﬂiﬂl ,é1.Thain: mmmmboxyl ic
cont act: dgrelpener HeeAk Bk icetsinistn 85, delt fer Vol fti-aoes

i ndi cat e%Ot(III%Zﬁ 'B»Bhy&'@eiﬁﬁéc‘ixﬁm’ﬂﬁ%l%sté:@ (L&MAnEa0Y ettt t J.Qd6MBRY. 0104(221'3%“'[ as an
anmoni um gr oup EH bel ow t he 15 pK, of the ammoniumion. Table 1 provi des

a non-li QX%Od squiras Ghomant| Adelet #g/rdpleBiobs1 UE23261i (A9THB | abel s of t he
t. P
L i e 08 AR OSSR RO 5

i oni 24t i Gons, NB lrﬁﬁﬁ)ebide]sychs eN@mmy dezf pdital ellenerd3s408 (@9 iand Nesotay er d/icact i ve
groups for clinikage 12 RO S6ULES. s B0 ClR e GRS, " 2
et al., Biol Mass Spectrometry, 20:419-425 (1991)). Preferred examp'les-of(;hemlcal_-. e
constituents that react with the carboxyl gfoups of proteins are benzyl halicieé (Sblomons; R
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 carbokyl 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 pa:rtlclpate .
30 “in, or 1nterfere with, the reactions necessary to assemble the tag. Alternatively, a reactive c
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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1A Exenplary A Mieties: - - -NRR RR=H alkyl, aromg{ag\gﬁ%kgg
|c -

NR. .. R=H alkyl, aromatic, OH OR, N2, d, F... X=Nor
heterocycl“?--NN NR R OO0 R R =H, aIkyI aromatic-S OHL1 - Os- OH 11
R R, R, RYCLIE Ry | aromatic00 11 117 - - P-OH - OP- OH oPFTfUéiW”“IPRR

R R =H, aIkyI aromatic O NRRR' O SRR O -ORR . R R ,R'=alkyl,
aromat i %s&ﬁt’broﬁ%t‘ﬁi@ ro@ysOfB! fof exaglﬁle %er‘é@?al Cii'Ia()”rECT'VE (ﬁ()tﬁl' KMbRGKNI? matic

X=N-, S-, O- containing heterocycle R R =al ky , aromatic R R =al ky
ar onat i GS@THEMRDIRI WieR&, %maNk\yh’orlerlﬁ%t ic R=H, alkyl. aromatic, N2,
I F. Figures 5 and 6 provide the structures of a variety of labeling moieties having

one or more bromine (Figure 5) or iodine (Figure 6) atoms. Suitable labels include 5-

5  bromonicotinic acid, 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

10 references for their preparation can be found in general texts such as March, ADVANCED
ORGANIC CHEMISTRY, 4% Ed., John Wiley & Soﬁs. One of skill in thf:'-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
15  pK, of the ammonium ion.
Table 1 provides a non—lir_ﬁi_-ting description of labeling moieties useful in the

labels of the present.
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41 18 April 2005 WO 02/ 066952 1 B. Exenplary 13, Mieties: 18 A [("%bg: The
chelating framework can be any size \ geonetry wth any nun% P
coordinating atom ---N=C==S ---CZ3 (Z=Br, 1) R /\x metal chelates X %
(M=Y, La, Gepomssysz; -5) M(X=N, OS) (R R R'R' =al kyl agicam@gohg99s1C.
Exenol aryC Miieties: (Z=Br, i) (R—H aI kyl, aromatic, OH OR, 2, d, F...)
()(=C, N, S;. (X=H or SCBH) - NC== (R-al kyl, aromatic) | (R=alkyl,
aromatic] --- NHR .. PCT/ US01/49951 {‘"Rbiql alkyl, aromat NO2, F, G, OH O
(R=H, alkyl, aromatic (attachnent to activated carboxylic acids) 42 18
April 2005 WD 02/066952 PCT/ US01/ 49951 Synthesis Once the reactive group,

- linker, and ioni zabb8n&HcARS fect PAhdBSS Signature conponents have been

sel ected, the final.&eEaUSBarhschaydd (B6SHiEas negathveFiopmsSibaRsend organic 5
chem stry reacti ons. Bfdutieé ard mahsGeraeouBeh@r use within the present :
i nvent ion is the NHEC moieties are reactive groups for linkage to biomolecules. ‘
_ « A,B, and C moieties are located on a variety of aromatic/aliphatic
frameworks

Ba
C .
Ap
1A, Exemplary A, Moieties;
- --NRR'" R,R'=H, alkyl, aromatic _/(O
-- /x R=H, alkyl, aromatic, OH, OR', NO;, CI, F... OH
X=N ar other basic heterocycle
R
Q
CoNR o |
L <’ : R.R=H, alkyl, aromatic e —E|‘>|———OH - -0S——O0OH .
NR™ ‘
| , . - RRR"R"=H, alkyl, aromatic . 8] 8]
_ 'H NRR" . : ” "
_ _ _ T “-P——O0OH" = jOPT-—-OH .
- -PRR’ RR=H, alkyl, aromatic - ' A
PRR. alkyl, aromatic OH. . OH'
® ! .
- - NRR'R’ R,R',R"=alkyl, aromatic
o © : _
—\® . ReH, alkyh aromatic, OH, OR"'\NOz, O, ...~ ~ BRRR" - RR.R™=alkyl, aromatic
_ R'=alkyl, aromatic -

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

.- R
) ' ' .
' -- H
-~ -SRR R,R'=alkyl, aromatic o ©

\ R
- —g)RR' R,R'=alkyl, aromatic R=H, alkyl, aromatic,

NO3, Cl, F...
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ester of 5-brono-3- pyrr dyI acetic aci d (5 Br-3-PAA) or an an%gg pggent.
Wth the selection of a suitable |abeling noiety, conditions r at achi ng
the | abel ﬁo t he protein should ensure that the N or Ct Srm nus _of the
protein i VUMY y | abeled and that the Iabeled protei R“FEREHEsol ubl e
in appropriate M5 buffer systens. Typically, 10 labeling will be carried

out under 4ignatis Mobtied.e- 9., surfactants or 8Murea).

Sur f act antﬂ%‘ﬂ%ﬁm M5 i oni zati on and met hods t hat provi de
rapid clean up and transfer of the | abeled protein sanple to a suitable M5
buf fer shoul d alkse,be enployed. 15 Detectable noieties In another pref erred
enbodi ment, t hg {ein_is I(46Brdd with a noiety that enhances its

det ect abi | i't'y' o1 e&arrpl(&,-l-brdi{)darafomatlbf@b’a@%n an&ldophrati on
processes (e.g. —electrophdX&&i, &, S,The detectabl e noiety can be detected
by, for exanple, spectroscopy (e.g., UVN s, fluorescence, electron spin
resonance (ESR), nuclear nmagnetic resonance (NVR) and the |ike), detection
of radi oactive isotopes, etc. Wien the protein is . detected by UYN s, 20 it
i's generally desirable to attach a chronophoric | abel to the protein (e.g.,
phenyl, napt ). Si-mdzar |y, y,z_‘ig(pri%det ection by fluorescence
spectroscopy, a uoréphore is prefera attached to the protein. For
exanpl e, Quantum DyeTMis a fl uorescent Eu chel ate and 5- '
carboxy-2',4',5 , 7" -petrabronosul fonefl uorescein succinimdyl ester is an
N-term nal reactr % br om ne-cont ai ni ng fl uorophore (comercially

avai | abl e-from Rese r h Organi cs,,&43 1§00 #0723Q and Mol ecul ar  Probes,
cat al og #C—6166 r gspedtivel y) YE%% Cehgy det eef abl e noiety can be a
free radical, s
protein is- ele

with an NVR acceSsipbl e/nucl ei, §Nple: aphd LHARIAG frameworkRdnbBeardyidiee 1n a

@g)a nitroxide group. Wien the

presently preferred gnbodi ment, t@&,ﬁgﬁ-@gﬁtﬁtﬁr@m@éyoﬂcgo?dlﬁgw%hpre 30

Many reactive fluoreskgnt | abel s are cohmerci al | y available from for
exanpl e, the SIGVA ch®nical conpany (Saint Louis, MO, Mdlecular Probes
(Eugene, OR), R&D systens (M nneapolis, M), Phar maci a LKB Bi ot echnol ogy

(Pi scat amp_cmrg@w@fﬁ% jctilaor atories, Inc. (Palo Alto, CA), Chem Genes |
I .

Corp., A cal Conpany (M| waukee W), den Research, Inc.,

A BCO BRL Life Tgchnol ogies, Inc. (Gar_thersburg,"' 43 18 April 2005 WO

02/ 066952 PCT/ UgOL/ 49951 I\/D), Fl uka Chem ca- Bi ochem ka Anal ytika '(Fl'tika
Chem e AC, -B , Swifzerland), and PE-Appl]ed,Bigsysgens (Foster CGity,
CA), as well as t her commerci al sources known to one of skill.
Furthernore, those . kill i@XtHeSQeH) will recognize how to select an
appropriate fluorfophor X a particular application and, if it not readily
avai |l abl e : R ‘

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

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

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

(attachment to activated carboxylic acids)

{R=alkyl, aromatig
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5 commercially, will be able to synthesize the necessary fl WQA%%HI%O% de

novo or synthetically nodify comrercially avail able fluorescéent conpounds
to arrive at the desired fluorescent |abel. There is a great deal of
practical gupdangss.available in the literature for sel eCt#((,';'ﬂ @400s1
appropriate fluorophore for a particular tag, as exenplifi % ?1
follow ng 10 references: Pesce et at, Eds., FLUORESCENCE SPECTROSCCPY
(Marcel Dekker, New York, 1971); Wiite et at, FLUORESCENCE ANALYSIS: A
PRACTI CAL APPROACH e?:?l Dekker, New York, 1970); and the like. The

‘literature also in references provi di ng, exhaustive |lists of

fluorescent and chr(bmmgbe]reactml geouy, éakanzhdtibmiable gb@mnomﬁsseqhature

properties, for hoqs rte uencher alrs see, . for

Ber P <o e DR el Caper il SR et Bt BRgeis
Edition (Acead Gl?r@acﬁfoﬁ§5A PN dtmpolifld fokuse withinfthd $rBsent fACPkddR i NPNHS
CONSTI TUTI ON ORGANI C MOLECULES (Academ ¢ Press, New York, 1976);

Bi shop, Eester of fibramnaOrsTidplapeisrsid Grirsi-PAdYopaeanalagpps agephugl and,  HANDBOOK

oy oot P AR SR AR R Ao T ="

Publ i sher@belzaﬂﬁmtmrshgulﬂlemﬁlye thatitke Nrer IC-ieeminkusfitheproteihiruaiformlgkbeladi ve

ui dance | l. | t ture for atizin e and che
ol eou esgbatd bt bt e so ity S D pullir et opRagr oups
that pan BBelagdan bte@aﬁlemhemleﬁdenm@mgIcuﬁmﬁbdsxegn@hrmctdntsto\f 8®f ured)emi stries

avallable for conjuga quoro hores to other nolecules and surfaces is
exenpl i i eriasipntsigad elet Sopnizpticarand grethadh thecpiev g asnidigeanp ei c
aci ds der r lan ra),;

O | men etAnéfﬁq*ﬁf?}d@”’é%@femﬁwﬁg8@'@3152&%5?%%%%3%?5% Soulf WSl gge
4,351,760. Thus, it is well within the abilities of thoseof skill in the

art to choose an e rg eixchan e pair for a particular application and. to
conj ugat e the rrerrbli@—%@—?—ﬁlﬁff;g%l r to a probe nol ecule, such as, for
exanplse, a snall mzh@ﬁ&h&rpr@ﬂeﬁ@@&xhu@dxﬁ@ﬁtemeffskotelﬁmhs‘a@d @'ﬁhgmoﬁkgﬂh'afje or
other polyner. 30 In addition to fluorop hores that are attach directly to

a prot ei renhagss it ‘Iiftimtdphb’rle,sfﬂt:@m"ml% @fQi@ﬂ@Pﬂﬁ@ﬂﬁleﬂ ahdsepattipeprocesees{e g | n an
exenpl ary,, %Bl?]o !e{%m’Phe Yol eE ?@1@ %onﬁfﬁ ggrf Bl getép??oﬁogn f(%legémrﬁl: sp%ctp (& Ir(ea %’lb%/ecul e

coval ent | y _ Znot i
(e.qg. St[ﬂ‘&'ﬂﬁ@,\ﬂtﬂid@%mcﬂ‘&lﬁd&oﬁ Splﬁlrédﬂ)ﬁﬁnden]ESRﬁ Rudlyardeicacialebmanie (SIRY ent |y

bound to a.s stem such as .a fluorescent conmpound of the invention,
or an enﬁﬂéhe?lM delectign Aﬁ&agwa%wessqmeez% swlpewtesmsiea@?@s‘fmma’u&es a

f1 uorscapts ceRAMALRLLiMe 6ORYRH 3 IR NIpLEHOAbelth kﬂé%&éiﬁ?@% Pﬁémp‘dﬁﬁhylusef ul-

enzynes of interést as |abels |nclude for exanple
particul ey Spmdsqufpaé@gmonéstf@pe@ge@camcgwms |adbzs@$>homns peietibbes,

particul A t!aghee% s 'pggt%m "For e)HampEfés %ntu?r?ﬂ?re 1s 3 fluorescent Eu.chelate and -

car_boxy_.-2 4,57 7-tetrabromosulfonefluoreseein succinimidyl ester is'an’ N-termmal_, |
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
'NIMR aceessible 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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i nclude fluorescein and its derivatives, rhodam ne and Its qu }‘Pédo es,
dansyl, unbelliferone, 5 etc., as di scussed above. For a revi &R vari ous
| abel i ng or S|%nal pr oduci ng systems that can be used, see, U S. Patent
No. 4,391, WOAZU6898} Ul f1 uorescent detectable noieties canPEHUTAHET0
fluoresce by exciting themin any manner known in the art, including, for
exanmpl e, M)t Riukh Themea- Bioaﬁénmamﬁﬂyﬁlad Flt@(@@lﬁhe(ﬁ@e}aué}@rs@ﬁmhﬁ) afl mel a
et al, Analytica Chimca Acta 386: (1999)). Means of 10 detecting

f I uor escBRtAnpdisd Biosyptempfostek it Al 21 Welbes Banyskhercommergial spprces marn f or
exanpl e, LEHC Eﬁﬁ:" | uor ophor e
wth t hewa‘%glr{)gpgi?la?ghh%r\g@g% @Rg@&ﬁl q%f%{ ‘gfﬁldl%éo ectl @t hggr%sul ting

fl uores ijﬁﬁpnaTdﬂﬂu(frbereﬂﬁ e pmﬁcmmﬁphcajmhend! efht motsmaadlly;avabyolaeans of

phot ographic film use of . eleetronic tors such as e

P oupl L el Crilye Bie BRatER R R ares JiarPhu b & SrhEesy |
enzymat | ol AP BbRmER iATBYav BB RREds 8ht Qﬂmﬁ&ﬁ‘lﬁé ) R8vd henARRIEP HludleSceptiDSt r at es
for the enzyrre and defecting the resulting reaction product. The fewer the
processi Bbelst eps bet ween any separation techni que and M5 sequenci ng

met hod, the faster n f r the cost
of proteomc reseTaIIr‘Jgﬁ}S ll%/%géall 31(;@%&5 %gﬁgéhvgl%&? fu?ﬁl%h%}gtukeo chstrasser
et al. AsidctiBjacbgpropriR@fidordphéadfof aa%ﬁulaanag, @eﬁaﬂplﬁie,d h;the follo@hﬁign

250: 4007 1975)) cont ai onent s tris th nonet hane
ot 7 ek e A TPk s tnqs RSO s R

pr ot ei Ns1977); I WRitEBSA., ?P@éﬁﬁ%@iﬁ%%ﬂ?&@s&m&ﬁ@ﬂ@m’@dﬂ%ﬁ ﬂfa:ée@lﬁeﬁﬁé“}d with _
other nore Vol atile ¢onponents (e.g.; r phol i noal kyl sul fonat e buffers and

epherer aNew 3k, al@ffamasq the fike. Bee lneuahéqplm esbldcmfemtcmpromlmgwmtwbn |

anot her i_.carbonat e
anmo nl?%%&g%e Far %ntﬁ ﬁ&f: t?r%‘%?%e% glealggsaa%\c} g%‘ %J]'Ie ega%vro Pl Yot rrt:‘:{eeS f)or t he mass

s peCt r onatoesing Wpobter-dbeneier phirs, (se%nﬁir ex&hsla) Berﬁ&an&N()ﬁ@&Sb)F FLuorBOBdERT

embodj nent,, a buffer exchange is anduct ed ough chr mat ogr aphi ¢ or
© angEht | STECFRbF ORQMAGICMALOHES, Zahoieon (erdrieors 8t Yo theout | et of

the sepagatiRe (‘RfL%%ﬁ%ﬁx do%sﬁﬁ?n?rﬁ'b?bxz@fmkm@o'% LE e A::%H@rhlc%‘ef rRegdure In

some instances, sal RI'S and SDS present
el ect rop‘ﬁ@lketfi"'éﬁ)bﬁufsmm, §dca~m1($u]@|as €Rer gdmoTi &ram, Onfood, HORZ); lfhbglaadt proteins and

ol Do SRR oy PR B SR ARk PERATIA B oGRS B BE 15"
PCT / USOJEwg%ﬁéhswpnpmcgsnm E@J@)Rbﬁ:mlmwdommmsﬂicx (Bafaange Pavfidiets,
tems prior is. Aternatively, desalti ngmcol ums (e.g., the

ZI pﬁOpTI\W Yy °§]6| 134%1] aM th ,11}5@ rl‘@.’rthgra theseis gy iensiveguidance in the literature for -

derivatizing reporter and quencher molecules for covalent attachment via readﬂy avallable :

reactive groups that can be added to a molecule.
7 ‘The diversity and utility of chemistries avallablc for conj ugatmg ﬂuorophores
-t other molecules and surfaces is exemplified by the extenswe 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. gxchér_lge pair fora.
particular application and to conjugate the mefnbers of this pair to a probe molecule, such as,
~ for example, a small moleqular bioac.t'_ive material, nuc_,leicl'_acid, peptide or other pblyr_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
| 'anotheru moleéule (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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sanpl e cl ean up and buffer exchange. Desal ted sanples can b%rs@{'%gnded in

0. 1M ammoni um bi carbonate as descri bed by WI m and Mann (seeg,

al., i'lbid.) with 5 mninmal addition of nethanol, or in 0.01M amobni um
acetate buff®prdedsbh 0.1% formc acid) with m ni mal  addi tj <
acetonitrile as described by Mark (see "Protein structure ﬂéﬂ‘(;;bs%{mml
identification with M5/ M5, " paper presented at the PE/ Sciex Sem nar Series,
Protein POiiceT Suirgstitonmpntndbptayrisos:of AneloRuetsscent efimpotind Udsefalt

technol o s for..dru Foster 10 The
coupl i ng%Flg ee Ooffm fife R ar'tr’*SFS % #‘& eé‘a‘flg %é}g}/ ({1 gﬁéﬁ?uﬁqﬁgﬁ gstpﬁgt;seé’orrpound
i s suit akkterdsey andeMyrosidisag op@kwa&@;paﬂ@marlyrpegﬂmml ,Flddﬂ@;cér&%blﬁpodnhe
coupling.r W(fﬁ the nore preferred the conp oung rates.of between
2 and 10 'l fé%or%sseraenbt% gerpatives, hodamueapd iis ffq"?“b‘-’rse‘ilaé*ﬂ‘leﬂn effiferangy | v,
fast keaghd OB diRh&Sd MoFe 2FS0s &wﬁwfr\%ougmg%r SERADHSRcink 8y ddifs ygact 1 on
m xture over an extended period of time m ght hydrol yze the pept| de bonds,
or 15 | eadn bousadeferi QiSeRatertrido.i43%M0dduci bl e si de reactions with the

I tid d h t 7 | ut
'n Snother prof er r caBhBliPseeft s BRIROIR ey PP Ras B Rer LSRR ot 1

m xt ure itlsent emfyshmnyr laioixmcR @Rt 4rf) iscleding, (ﬁ)ri‘ebl&ﬁpllétwmi lighit ok @lebthezhémleal bei ng
attached to a tlype ptide, Various materia be used ag) solid
A n

suppor t s ENFTEY ($54i IRfCxafple, Kudmalae! ab dnalyties %"CP %%86 P anMsaRy ofpaper s.
ThesgnSURPREHS; ﬁi?&fes%éiﬁ e ’h?+ bt lkg?&iﬁ'id #8¢d oé’%ﬁ'intu?tﬂerh?to IS %Feﬁmi»leeavab' e
functionality. noer o eavabl e groups that nmay be used for this

pur pose |ﬂmote|a¢mt ulbslsu k4ri ld@d;etf(ot@@%mtgigyb@ﬁuqremelfmh thel[aQM]Op;ﬂate azo ( N=N-)

sul f one -), est,er {(-CC 'I.i

2yl odS5te 36 R gfESectng syl AR sh S e RGO OB g o r o

i ncl ude gewbeaRBsalByBRNREnsSERkStdRRaphd faﬁl bMHelmgmlajtm&m’ecaamrmﬁh kgt on,
Mass.). Representative materials for the constructign of ese supports

i ncl ude, chiBn oWl geteyicen§iGlR )y hetomylidigs apd ﬁ@élkepawwlmwmﬂ%ﬂf labes i de
and ol Ml I non
orher s 15 % FECRE by RRRG e pBlopri NelloRE (R At BHATE ™Y am
Chem SocesuB&grmdnﬁl‘bﬁ&ﬁ)) (2) a polystyrene simlar to nunber (1) vvlth

an aryl am no grou ee, ,Laursen ur.. J. Biochem .30,k 20:. 89 1)); (3)
am no pol ystyrene ?Eé% °f fifrrecespe §Fp3b §If‘8¥fepar2"‘i'°“ée‘fa'1 é

(4) tri et baquenchgincaisiitBe RRley Siay pREnd S&Rde id#tifed ndihe, 10\E&B§Lmst of 36: 285
(1973)). Porous glass supports include: (1) 3-am nop roty /?l ass (see,
Wacht er grotegmic rgsggsch.| Eypical gBactrgpyhor@pgbpﬁe;s e.g., Hochstrasser ef al. Anal Biochem.,

and( 2) N- L. g 50: 159
1oV )" AT PORLNA O DOREORYL Qb8 B0dra ey R AR Com R FL .

p- phenyl msﬂxﬁﬁoxb&aﬁml)am1rﬂﬁﬂﬁhmmfﬂa&%95ﬁlﬁﬁiﬁbﬂﬁwdm&%maﬂsupm$ ﬁleocyanat e

| eads to. acti.vat sot.hi.ocyanat o I asses, (see, ter et al., sypr
1ontzat10n OF pro{ems in the, I}IIB.SS spect meter. %hése componen s may be re;?laced with

other more volatile components {e.g., 'morpholinoalkylsulfon‘ate buffers and 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 yacryl am de-based supports are also useful, including a q:ggﬁﬁ;-jgggked 0 -
al anyl hexarret hyI enedi am ne pol ydi net hyl acryl am de (see, Atherton et al.

FEBS Lett. 173 (1976)), and an N am noet hyl pol yacryl am de é

Cavador e é’{’oé{%"’“)\%EBS Lett. 66: 155 5 (1976)). One of orltfiHush+ SI<"'i'|| in
the art will readily utilize appropriate chemstry to couple the

DO' ypep rg&dh&sEg}ﬁoééhjlﬂlgyeﬁ‘i@%ﬁlﬁeﬂﬁ%'blﬂﬁ@r@Q@Hﬁ piidEfo MISRSRAs! Y Machl ei dt

_ ds i Enz ogy New Supports in Soli d- Phase
Sequenc|AnlgerﬁﬁB=eBFYdesal@m9¢eﬂl)mmp(@ ghe 8ip Tiptpwrsokd yndiltipays) cargbamsedibds i ncl ude

t he use of nophen Ias EDC c see,

Aeber sol* amé’f ¢ Gran UPAIH%}) g}f'i’é' elé RG@R@% (Cilbg%) uSpBﬁ#% lng%%é\gs filters
(see, Aeh@nhsalsl bdartdhate aBd&eh@aanb Z\Xrllnﬁﬁamzﬁﬁqzee( m&&) etahgibidiewiiembr ane
pol yV| nyl i di nefl uori de PVDF) (I mmbl lon P TM gen/ Bi osear ch,

Bur | iSngtrBimmajpddition of mpthaplygrin - §é&maqmqrmaeﬁgﬁ1bg§fps,(v(lgb%1':/‘,';{3,5,&@ 2cid) o
CURREI\FFC\ﬂng@?ﬁEﬁ ald'ﬁlltip Bgf g&c’h‘)miﬁ@d@séﬁ!sd h@[, Maﬂi (S@@@]f"rogem $l?lﬂ:tl)re P 191- 202

Academi San D ego e practice of the present
i nvent i odc;ntxﬂmmhmﬁnMSdﬂSf rappoirsspatpd aidhe PE/St:he Sesmiarﬁesmaﬂimteurray occur by

ei ther ¢ nt_or oval ent i nt the. polypeptide and

solid s ? enzgin Wﬁﬁ’rctgq;gﬁc%n%\utgwggm 08? & B?Wﬁleef)? d%'%{ o the solid
suppor t ,diédad@eryOFdstbr EUPPOA (Matchciomepn such that the pol ypept i de attaches to
the solid support by non- coval ent interactions. For exa a glass fiber

" sol il support may The ceupling stes qfﬁhwnwwbméhbe tegted 40 GRBFS ab‘hﬁt ernary
amoni urg, ﬁ@l Pnc(i%%&tab-léafrofs Sh? g p\ﬂ%ﬁ%hﬁde@' é}:%@?al tl§c4 a@t%? he(cqn glﬁ')cg}_lratettﬂe

provi de a I d support s on- cova ent y ~at
pol ypeptmate pref@rdniehe sanpoabd.e Cagdmg pites/af bwlraed 2pind§@snmn§=s eOFE toi 741 °Cy

avai |l abl e. For .e . des .in mobi | i zed on
Syt hot 1S BETOHENCPE R SR FR PR ETSar o ooy rA e BT o

M 111 porg iedeition BRALRI Frer MpSGenic®@pertOIF titRahiRE Midrflyae B pepiidetidings, dHI face
(I'mobilon CD, MI1ipore Corp Bedf ord, Mass.). These supports maybe used

wi t H3or lvadttnamfﬁ@mtym m@rodnpltbkrsmrpwpys with fhepebieaadeesdress which be
pr epar e%oflfarcg g%@&‘&és e&Valﬁé{oP\%ﬁﬁﬁoq{‘ of the pol ypeptide directly -from-
e e

pol yacryl am process ca ctroblotting. The electroblotting
process el im nat e$n srloeher padfatddambofiinpnt, yope pt inde:: dfnhﬁmmhismentspnépiprcden whi ch

rob | SRR oDy B (o oA i R TR By . *°
recent | Yo ﬁ%bt@d@it\%‘ioﬁ?ﬂlﬁeﬂﬂs h?ay%efa%sdsa\r@i@psds hdidiak) fareghpE stries to

be performed on onpeEtldes i mobi | i zed on solid supports by non-coval ent
~ hy d28phatimsriustresinscmemhiangsortpapess-aphase aurtports ey addiprally be degatingd thuf fer s,

whi ch mﬁﬁ:oﬁor&é a%abgblgggétlo%am %A&Q@e?%?clg%fé%q&t{p%%ﬁﬁjmay be used fpr this

purpese include disulfides (-S-S-), glycol( -CH[OH]-CH[OH]-), azo (-N=N-), sulfone.
(-SO;-), and c?ster (-COQ-) linkages (see, Tae, Methods mEnzymology, 91:580 (1_983)_). o

Supports which are particularly preferréd include membranes such as Sequeldh ™

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, Horn et al., FEBS Lett. 36:285.(1 973)). 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' '
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contain salts and denaturants, are pressure-|oaded onto col ygRgriic@sai ni ng
a solid support. The bound pol ypeptide is then pressure-rinsed to renove

interfering. conponents, |leaving the bound pol ypeptide ready for | abeling
(see, Hew ®ae2@aedRar d Product Brochure 23-5091- 5168E (Now(;’r/ﬂswlz_r)hﬁnd Hom
U:S. Patent No. 5,918,273 (June 29, 1999). The bound polypeptide is reacted

d ff t f ling t bet
he ter mitahi3ERgC Sptle S 4REisHBIopHEBE Hers S aoe L HBel $hgordi oty The
physi cal pNRSLhidi@sbRkd &Jfﬁoﬁmeqrs& ubERY1, RR1ARIELLEE - ifke@ Rl M ze the reaction

conditions for a specific |abeling noiety. Preferably, Coupling with the
am no gr @iﬁﬁslh@fameﬂe’lenpéllaylp@md)dbnﬁbyﬂwrslamwﬂlsed)aPsh@'tomoandi L FBRS Lett. 64:

o et b AR R o POk SRR il e PV BHED it BB LN 05 T

react 5w t(h97r6))e bound pepti de In the presence of 5% N-et hyl norpholine in
met hanol ; wat er (75 25'v/v). Because of the npde_of attachnent, excess of
reagent, coupling OBasterdinayrskibipitiarbyillyeadibicutilize sppigariate sheraigicnio ver y
pol ar waghigidime pbiypeile BS inR%ko lﬁ@supﬁﬁ@dﬁnﬁﬂqb§%§@%?{@algf Mtaaﬁel gl ed
pol ypepti de by masSs spectronetry. Various reagents ar swta e as
washi ng ¥HchientMethedsgn ﬁdz}fmg)logso[Z%M@ponﬁm&ﬂmﬂ-thSemenmg266-@%7 of

ent i ol y P Bt Blrsg SppBEEH 0 Rur SRR mipds (P st S atthenh SRR 11 e
to alpur pﬁpee aiith BDCystipting &Y A absrselidat ¥5 |f§wl gﬁbc}@w mtslscns w%yrmtrqgr aphy,
and the |jke, 20 Sequencing a Portion_ of Protein I n anot aspect, the
present B fqrﬁ)ﬁqeep%@bq:ra@g epalpdhiachems bk 6§%@Wcﬁlﬁ§8)éndﬂbﬁmﬁwhr3®ﬁ a’ protein

ina pro i Hb hﬁrﬂj\i% e ein
m xt ure % ?’ﬁ“? C—tél?rrhd%\usor &W%P%%Tﬂa’ggfm%%g’g&kapgu% &68’5{3 ntly
attach aaloag)@/uth Sequehiet T @nenmtttye(mm Pappioét af. héummrdlﬂsmmm fndrrozEbNabeEl ed

protein nus_.| ab conpri sing at
| east on?[%M#@rsr{ér\l}t‘ﬁ%%cﬁ @1518?0 lé‘lﬁﬁugﬁ"gﬁnﬁgm‘ﬁ lﬁ%ﬁk preferably
from$5 to 63, Wi tih théyractRE QY iePrdsbitin®ation, BNt bﬁt}@tptsgrpqstm%%}w fur;

(b) sepa Ilng i ndi vi dual | abeled proteins.in said protein mxture; and 30
(c) anal §/§1 rfl;]pﬁol‘?é“i%‘b“épéw pithst eqvalent @Wﬂsqoéil)‘e(“t})ltewﬂan hetsgesthect rometri c
A L e e S L

conpr i sesuppgidi)thd ssbéldtsulbgumg chdmen p:cbtthatrﬂmdq;olmpn@a i:%mh&aqmb&ﬁﬁdﬁﬁpjﬁﬁf Byeast

two C-termn termnus re S conbi nation wit separation
coor di nat'® of 3 alte%ténﬁe’é%gf’ |8F B’Eaé[i‘pie ? lflE‘f'erlo 1d sppert may be °°athW% |

20 polybrene a polymeric quaternary 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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WO 02/ 066952 PCT/ US01/ 49951 and the protein term nus | ocati efagfi 2008
sequence to search predicted protein sequences from a database of gene-
sequence %ﬁ’é(? ferred enbodi nents are those that have been descri bed
above for 96693 spects of the invention. 5 Separation | RGVSFEEt¥ed
enbodi ment, the tagging procedure is perforned on a mxture of proteins.
Fol | ow rtgmtamartsaﬂgi DB e i RedsiiR-15idet Whee @furBiioataitiing $sdidRippdred to a
separation process, which preferably, allows the separation of the protein
m xt ur e Fhebeundpalyreptide is thenRiessgresTinsEsh Ehremoys titeiferng. OrppPRIplepving the

subst ant o | 1PRALE P PE &P} (SN sT- W) ] {0 mxture.
- The net #82111&%?I%gﬁgfegg%ﬂ)rqlﬁﬁ%xggﬁ%dn are uti Iai(l)ze |ﬁ och;}ﬁ‘rr 3)5 ter mne the
sequence&168E NgoJ W92 pariddéornyVUtth iPatept 6.5, 9 B2 Br(hatti 292 h299).0f the | nventl on,

t he |_abel ed ol de tanti al | y C an he

pol ypept i de |§ aﬁﬁ?‘)éﬁ%@% %‘éﬁ%l u“ﬁﬁ‘ﬁ”ﬁﬁ%‘f’@?%@rgﬁﬁ'ﬁ?“ Bﬁo

greater cB@ﬁTP%QG%@&ﬁ betM%@X tHEREMEAS aBhd adi@P¥Mhé Pollp@iige Bid ME CHbBI%{gV skill in
y

the art may be utilized to purify the polypeptide prior to determning its
am no adneictyedhenpwicaRpiopetisnobthe wve;ztm esselggted ol eptipizethemeardipa o

Phase- Hi I 0 esis,
e SAUERIOLL ok R, o8RG 1 G il BElACONRY 25,
gener al Ipplyphgideerctws udderdhsiv odmmmmseﬁot axdm;de l\iEThdq’Da:ehN ﬂRﬁ)‘B&aMCSEQUENCE

SI'S).. Even r ef t he use of cap illary e]ectrophoresis and

o e & el e S Grtmoretiahiie) B s SisrelR maiieth BOREER e hat
descri bagohéi thea&wnmﬁéuo@ﬁ? ePEAn @R REEHE Of 90 N-efh 9¢nﬂﬂﬁ§hd?iﬂ9id cation
Serial No. 09/513,486, title Protein Separation via ti di mensi onal )
El ect r oprsaggl water é?ﬁc?Sf\f/Y)echt@‘ﬁuﬂe@lﬁ theamgdes attacipuent. 25cesk ofwsagat.sowdlingnt i al 1y ; -
pure | a e t hods
descri bggéehangga&{gﬁp gocﬁl sog%gégﬁ“ﬁqvggk % Vg[é)t Olarz{‘l%ﬁaég%%g&g%%uﬁcgg
pol ypeptrérteral mﬂd@:qnaﬁnrtgwﬂtm habetgd poigpepaide byaﬂ&ek speBl’rmﬁétlw Varivue ragents

qQdi nent, . an ori.thmis utilized_.in eterm ne all .of the
hypdgheﬁ%%l‘%gﬁaﬁgﬁ%%g%YW‘%'@&W&E fRr s RRlEs metiaatl, Veiok RUKUEBOEr ved s
of one Qfeif61 RARLAEESr AddidnBe M xture. See,. Johnson et al., Protein Science
30 1:1083-1091 (1992). These seguences are then assi gned figures of merit -
according to how “Mlthfehbﬂucgfrewh@mlmduﬁc@elﬁtr;ﬁlytlheolﬂmcawi@sﬁ, thegaaction t he
andemmas ectru tid uti i Z|n u the
sequencérl ' 'g 5‘ ?:y gmn%fiﬁ?ﬁpflﬂgcaﬁ%oxt rg Sﬁlg]f/%%&g‘ gis%%h}émg& 1% mi ned”
M xt ure&hmhaaiglr:gmmaixﬁl th@likyized sinul taneously are preferentially | abel ed
W|th Iabel S incor poratl ng different nunbers of- mass defect el enents. 49

Sequencing a Portion of a Protein ‘
In another aspect, the present mvention prov1des a method for sequcncmg a
portion of a protein in a protein mixture, the method comprising: .
- (2) contacting the protem mlxture with a C- termmus or N- tenmnus labcling
25  moiety to covalently attach a label to the C-or N-termmus of the protein and-form a labcled -
| protein mlx;ure, the C-terminus or N-terminus l_abelmg moiety comprising at least 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; , o T
- (b) separatmg mdw1dual labeled proteins in said protein mixture; and
30 ()] analyzmg the labeled protems from step. (b) by a mass spectrometric |
~method fo determine the sequence of at least two C-terminus or two 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
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18 April 2005 WD 02/066952 PCT/ US01/49951 As described aboveg ahf&ogst hods
herein are particularly useful for identifying proteins froma healthy or
di seased tissue sanple. In one group of enbodi nents, the nmethods are
appl i ed t owlnaths@sm xture of proteins froma healthy tissperagiplesand a
m xture of proteins froma diseased tissue sanple. Accordingly, the
protein m xtures used. in this aspect 5 of the invention can be obtai ned

f r om ess#itthaprojein fgymansslecation at the gequsncs 18 Sraseh prgliped Pettss sequersss firBk e

sanpl es Qﬁgta%ﬁl:l)f %"é’@queﬂéc‘]‘iﬁ! the present invention, the polypeptide with
a derivatized termnal amno acid is sequenced by a nmass spectroneter.

Vari ous nmass spectPmfoeted esibndiynchs ans tabse that laive bednalepribsé athoviefomathéron.
Represent ati ve t<=F\1X<';1r'{pl ﬁs i nclude, triple quadrupole mass 10 spectroneters,
magnet i c2W8¢t 8F PP SEPIMENt s (nagnetic tandem mass spectroneter, JEOL,
Peabogly, Mass.); ion-spray mass spectroneters, Bruins et at, Ana[. Chem
59: 2642-2647 (1987); electrospray mass spectroneters, Fenn et al.,

Sci ence 246: 64- 7156peoBi@y: ;- | aser desorption time-of-flight nass

spect romet er s, KarI.;alg‘i nﬁ%{?ﬁkd 5m€&ﬁiggnﬁjﬂ% ' %rgeegﬁfe@p&for&w%?)mi HIFG ?:6Ar o

Fourier Transforml clotron sonanc pecttoneter (Extre

15 Pitt séliprgieinsMiEsBowingWid thgginppmced e thednisviood premins isssebmlitedtto aspr ay nmass
spectroneter .. (Mariner IM nodel.. PE Bi ste Foster Cit California) is
TPTTT poPgeiphiRERS VHED PR ks ATou TLrmeian Hars el fieg fofo |
t i metof - dikreB frad@dRC FAEh HhitibnlSpicbiradih aibskAti PR RrRES! in 6B belgl used to
determ ne the sequence fromthe nmasses of the | abeled fragnents, One of

ski || i nPToken efrthe pfotgin gi¥Eei ate t hat the sequence information obtai ned 20

usi ng the-methods '@Ie rhaﬁo&srb\f% 001 A RGO BES Bkl t?ld@t%ﬁnine the .
of the

.characteristics protelrn under analysis to even turther reduce the'.
nunber psegsénot ef a gelyperitides VWathit heeforat embodinfdntssgf thenineentionaghetabeldd '

enbodi nen t et ho f..the i,nvention ines infor.mti froma protein:
seque_ncepobgbepaﬁ?‘?ﬁ 8‘!51159 tallypure.o¢ &Hﬁ?@}sgﬁ%@%w@%lgﬁ?%@%_ identify the
prote n. hdadganédua! andi pref®BfybolitoBH BP LRARMohdRn&REURRAS nitdiods weal udes, but
isnot limted to, amno acid 25 conposition, the nunber and identity of
speci f i cknosg;tg those pboxginagy i bimibip artanaakeidized ofyrfathe palypprtsedsioyto ¢
(e.g., t [We LC 0t de: , at.ion, and
separat i %ﬁ%&)‘gﬁ%?ﬁa ' g{so a?gfsrggaé,l%%%t gﬁ?@%ér? gﬁv%g?ﬁn;ﬂl%qgﬁﬁ)&ée%@{:?%%%g#esi S ,
coor di nakless-HéghcPressurdligeid Clavmstogfapia (RP-EPAICG) cdebelesttaphobisa particul ar

rotein Qr class of proteins that can. be .conbine ith inforpmation.from
Phe. P aRE PN, ShEmes 4 Bmbra AT betyi s puR BREPR MoK rae-s8napa e iy
thosg ofofSklunesiehtifiiEVRTfiopdAR PROSEREBOUBTCcHIRL AR acteristic of a - -

particul ar protein - becones nore conprehensive, proteins under analysis can
be identified usi fiycsmere prefgredtiethe uss eferpHiney elagispharksis and pardcylarht her

0 o A ML RS R AR 20 05 R SRS 2 ©F
: co-pending U.S. Patent 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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50 18 April 2005 WO 02/066952 PCT/US01/49951 in length, nmoygapreigsabl y
about 3 amino acids in length, nore preferably still, about am no actds
in length | sfo identify the protein. Seguencinz alggrjthmbs The
present i n\&ér?#li%gﬁ(rarw Il, in sone enbodinents, include the SQE}US?UQ%I

mat hemati cal algorithmfor determning the protein sequence tag directly
from mass spect r a Asfeséritrg @Bt nMR)de Heleindir€pasiculditeusdrgiont identifpmp be
used to determne a protein sequence tag fromeither term nus of the

pr ot ei n,PrRteHi tenhy heatthy ondishanefl EssHasRIa ¢In| oAk gToUPLT smbadimeats, tie matods
ter m nus, DL AdSEHHE D GaLhure SFProbRS R RBRRRY BREE LAl Ahd Yofixtulk dhe

al gor'ithr% d;/l be % pro t&(r:ee(ﬁ‘%tg?/t ar%yomass sg)éctrorygelﬁ%r I n an{gh a | abel ed
pr ot ei n potepsdtdndediseasedtsshic sapmaat Accordifiglppthe proi¢in ghttureassedpdbisaspeat e

preferre ecause of their. inmproved S accurac ver ot her. nmass

P by oty PaER e fum b Sk BoR il SRR elhogt ofjsfling RRens
spectrorm@rﬁ&iss@%ﬁ[gﬁmgg@;@v&m{tngwﬁ, may be used, particularly if an internal
mass standard, such as fragnmented . | abel with no peptide . attached, is used

to inprove the nmas¥ithigdhnrespnonvention, bspplypegdrade aderivpizadtemmingr ot ei n
fragmentati.g Qciﬁq{'segﬁen%%'gygﬁlggs s?)b&tt:b%etay Vakibud tﬂa§srl'?e&l%lrﬂéte°ﬂs %g%%lukedm' a
tandem nmass spectroneter ‘or by rn-source fragnentation in an €l ectrospray
or MALDIwithiothez@ticoninsouios.eRefheentdtigo exanpiesrincjuds, &sple headrepelefmabot h t he
mass, .t o charge position of a.sjgnal, ~and j.ts relative abundanc In one
enbadi meRESTGGEIS anagmP S e L HRHADEN S (NS te BRTeT Ws® S5CROmEER dRCko t hat of
i mredi atrlalod g NREN Torl 8RSy hassGPait@teReS Briisr AN kS EWeh 059108820647 t he .

relative probability that a peak is present at the mass to charge position -

of i nt ed&887); electronpray maphwastFRmtersi Fran eeplatSrigacatdsh abi7l i(19893: le%eat - a peak i s |
- present : I t4 .00 u e enbodi nent
Phe o1 griar SR STRAL S AR s Apeen GRERE £ ik SRR R ER BO2OR ROy T
conpar ed1988)t el a BuriehEransesn Ion Cyrdotige RmendncoNmsoSpaatrbmetm(Ettrah Goh '

sequences, .The latter_ nethod is described further for clarity. One of skill
' the dntshuih Mistr WIRA BEsterred RO RSO R RAt e PRHEORE | n rany
ways to (RARMeA® fod], PE BibsyakalsEFodt @ City] ERlifoRSa)Go Tieicl @ fragmuanees based on
the rel ative abundance of 'the signal at the mass to charge positions

corr el atdsaivelized teadsel polypratidpgnd edimmeleflistitistesiaqrovith hetter thap KB PPEROASE St s Of
a cumrul gt.iye. anki _ ' - whi [ ' abundance
of “the rsale? SN IR, SHEl ol el e 1B BHCAR. 2 2CTEENCE
by product or sum@hieiofekilliii thetaewilledppteciae thitudssease iffonnmsonubediait ed to - -
result - from subsequent residues (Equatio 1%. Inthis way .. ~ . S
sequénc dSEISEF fi° o ‘Pf?tB? ENERON D Reom bR v PBIST SharieqiviehPEip BFpten
ef fici engMelid,RRAYE B enlthOS 1JREE the RMbeYSIsbBRAIATIRObSBe PEGKE. Thiidhn a
confound the correct sequence assignment at each residue position in the
pol ypeptprefgrred embodiment, the method of the inver_ltion combin_,e;s informat_ion froma protein
sequence tag with one or more other protein ‘_c_haracte‘_ristics‘ to identify the protein. Da}th_that '
is useful to supplement the sequedce datarin'clude's_, but is.nqt limited to, aInino a(j;id -
25 - composition, the number and identity of s_pt_acific residues (e.g. cysteine), cleavage |
'infonnation, proteolytic (e.g., tryptic) and or chemolytic peptide mass, subcellular location,
and separation coordinates (e.g., retention time, pl, 2-D electrophoresis coordinates, efc.).
Other forms of data characteristic of a particular protein or class 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 niorc

characteristics of a protein is combined with information from a PST of about 4 amino acids
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51 18 April 2005 5 WO 02/ 066952 PCT/ USQOL/ 49951 chai n may be1§hbmgm@5ed The
probability of an erroneous sequence assignnent at any given residue.
position propagating forward to subsequent residue positions is |ower than
thrat assowitaizediodt th the true sequence. The overal |l rank pcaruseashbspossi bl e

sequence j can then determined by: nn R,n =rbi j or EPi,j (1) i=1i=1
where R Is the cu rankin 0 _an i.ve nce

resi due FElBER 'HO“”HFF%"‘ Va}"wté sprind Rt T i ndraeSESe éfé'qleence

anongst  éids in IGREH B uddd tbe&dndBehkepatih 1. It is apparent to those skilled

in the art that many nmet hods ‘can be used to assign a relative rank (p) to

each sequence j at any residue length i, consistent with conparison of the

relative 10 abundgnces. of ,the,signals at each conpeting nass to charge
position (in supré%ﬁJ%h—%”péeﬁer ed enbodi mrent, the relative ranking (p) of
conpeti ng sequencéﬂmmmmdmdwmﬁma“aﬂ1&&@hcemb&hdems1ed@ﬁhd¢n¢eoﬁy be

det erm ned b oscalin € Rossi |I|t|es In a rt|c | ar vari ation of
Chi o et REMERERE! B A SmRpmed et s By B ln iatumre e
denonst raf 8skmdatAaRiddiprate s SThé txgtaoﬂl cafl b Rs@iSo UBRMARE MrottiFaUSRhaH)
probability distribution or the I 6g 15 nornmal (Poisson) probability

di st ri butdgdrem githentermiabs ehae petieini previding khat 8 unigye maseygdabsbiswftached baar y

b_et yvee_n eetél}gm%ﬁ bgﬁg %{i}%ﬁdyf! ’Thfs_labtmgl I P@c }-Ifor ?r)thelalg%ztltmmg%g 195 E

lO produced by any mass spectrometer in which a labeled protein or peptide can be fragmented

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 Spectcum 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. ' o
The algorithm reqoires 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 compared 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 |
appreciatc 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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"j_119 a =i (3) (4) One of skill in the art will apprecig Er“tmg t he
d

signal (Cf) corresponding to any sequence j containing i amho acl

resi dues be determ ned by any nethod which relates this signal back to -

13

the rel at iVR%%tal abundance in the mass spectrum Col | i SCHYSIRed 25

fragmentation in the mass spectroneter may result in the production of nore

t han onehhRfayHe elinffated”! ThebhAAis: iomaﬁeﬁ&%amé%éﬁceﬁagg&ﬁ@mw geRpmonl y
result in a, b, and c ion ttypes. 52 18 April 2005 WO 027066952 :
e

PCT/ USQtIesidgsbsition prefagatingt ferwird inssubprijugnt rosidumppsitiong psloventhar that

PCT/ USQUFdompstionr | orPeHian flopohan
cont af n PR REEER s BRce PR /8RR o Cle Buch BEHDR PAIhed MM LOTY | e

f ragmentdeteaminedibg: t han one nmass to charge position in the spectrum
dependi ng on the nunber of such "spft" charges. In a variation of the

met hgd, the signals 5 associ aged_- h. egch n type and possipl e charge
state may be conbined to produt'i"e \g;béhrml a&@é si gnal associs(a?ed w th any

gl ven SRS, is thdBmuldive rEf@h DB vEPR an§ leMeASchUEABS | AQesTdueYedzth h, ded]  k=nin
1=1 ch arg e “states 10 (5) where c is determ ned by calculating the (nlz)
of the ggghs thoreldtypeankiaksigm toltizr gquak-atmofigsy its jpekrs ataiesidup loqpth heltis
correspondi ng counts _ﬁci‘ k 1) in the mass spectral data. ci,i,k, | = _
LOOKUP] (apargiigp these glghledringhevart §1at manhmetieods eari b wseil tudssignanelptére ranly (Wesi due

D01 o GRAUIGE | o IS 1510 £l bR of e Rl o e
10 abundances of the signals at each competing mass to charge position {in supra). Ina
preferred embodiment,.the_ relative ranking '(p)-of competing.séquénce possibilitiés ateach
residue length (i) may be determined by autoscaling the possibilities. Ina pérticu'lar. variation
of this method, the ranking (p) may Be assigned based on an assumed or demonstrated
probability distribution, such as the normal (Gaussian) probability distributiqn or the log
15 normal (Poisson) probability distribution, such that the relative rank 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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states of the am no acids and any attached | abels in the sewngﬁlezd@g
nmet hods previously described (see, Methods in Enzynol ogy, Bie .
193:.295- 305, 351-360 and 455-479 15 (1993)). A nunber of variations can be
made to thevdpesescessequenci ng net hod described. For exanplggrihiaodief erred
enbodi rrent the nunber of charge. states and ion types that are used for
determ ngtion of the total signal associated with any gzl ven sequence nay

t

be rest r itfaeeNteminus apd &Y. §Iﬂ)§éﬁ“§ Fomptheilctgrminus ohhftﬂld ignpdie fabskands t en
associ at @@rth bihiddWRidRsilih fo%ﬂ:r?“so@tcﬂgl%e s flafinh ﬁzgﬁ%rﬁl@ﬁfoﬁﬁ'%t‘r?g of t andem

mass spectroneter preferenti i elds I ons a y 1ons
abundanc dateted pepadedfragnicatesat inrore ﬂnen beastassatbwhdma(pesztubmm thospecteurhi,r ag rrent ation

|sfoundto Leld i.ons i nsi nlflca abund t hese
Lasoo "t eSertiey dh Aol s lSod (RNl IR b Ydof OF Ine TR I Sl {1 oo
or ¢, 5X, asdddia¥ed vifiSeach [ typOLHIGREEBlcthe@e 3RREARFDE Conllifddth phodued a t he hi gher
possi bl e charge states of peptide 25 fragnents in both CID and in source

f ragnent &PW&H%VTPFE%E‘I}BW@W@WEWGH‘ %ygl‘éﬂns%q‘b@%d}quence specific with arginine
and other imno "soft" charge specigs hawkng a higher likelihood of

retai ning - a charge than other am ne@a(gelqg | ysine or histidine residues).

I n another variation the nass W’iig@”p osi tions associ ated w th higher
nunbers of charge states may be ‘IJgn \g;ﬁak!sequence speC|f| gAﬁoasi s when
determ ning the total signal assom th any 30 sequencej. 53 18 April
2005 WO 02/ 066952 PCT/'US01/ 49951 | nstﬂesval’l ation, multiple | abels (both

i sot opi cwaRet NRMeERhIAR 99 c&l@tﬂat’ﬂ% the (62} BPfh%te%é’n i'omﬁ)etda)eanalcﬂafg& t@mysing a
.dual sequencing approach. 1n thi's approach two residue tables,

one for éatlpokmsap th%/weémdmwomlb@@ﬁ,l)ﬂ@shm@%)Specﬂfhleda@equenc| ng
algorithmis then applied using each residue tabke independently, such that
t he dBunts 5 associated witte; jhemmO&KU[P belz) qy,j k 1) are(éeterm ned

i ndependent | y fron%ﬁhose of . a

 raependent |y 1o D85g, B e AR Wea Rl i al b sdutoc b o
Al'l the ekuigd staRgk, andaoapﬁjey ik Be BB e @ AdnTthe SRRh W GRAnE Bbdsives chafgeD; , | -
gt = states o lh%-le-lgur(laozac?ds 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  fragmentation method. CID fragmentation in a taridem mass spectrometer preferentially -
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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19i _ E1Dj Di=1- 19, (1'9' 19i | D2 V=1 YDij | abel 2 11j :i%;%;fﬁ%_

(191-1) (7) (8 (9 (10) max max charge ion states types ] = E -
Edi,j,k,| lgsk=mn 1=1 ch arg e states By multiplyi rel.ative
probabi | i t(;%é%/{)g(gé sequence j obtained with each | abel, r}%}‘@ﬁw 8t then
obtain a conposite ranking for the sequence. R,n = fl(pigi) or E(//pigi) .
(9) This vari ati onlrcawvarbeof, nidltisle 1abetsebetk hotopidmidenchisasdph arl el . bThe mass
20 spectroneter files used. in this |'tiple | abeling approach can be
created BYOROHf inipcBe STEoR R A P AR ARSI BPRarh HFAPTEE a
known m ¥{diFe8idat bR, &ie BPERN IBBRY Se (an¥RY BBYRH resiRES. ?B%écfu‘éﬂﬁh?r data from
separ at e . si ngjlﬂg I'abe rotein fragnentati ons can be  added togeTher to

creat e aakgprithirals than apppedudingrarh reaiue gbéeondependentlyfsutke tfabthegnaitysis by this

St at b S8 bhA 28T ARGl 5 it BB ol Ba ek B Gt ner

preferregygaodijyrent for isotopic labels, either natural isotopic _
abundances or *ttth multiple |abels of known rel ative isotopic abundances,

the al gorithm na
g y ci,j,k,f = LOOKUPII:(m/Z)i’j?k’]!Labe"} (7)
d;. | = LOOKUP| (m/ 1 8
ikl = L(m Z)i’j’k’!Labelz_I @
10 . | .
: All the equations 1-6 apply to both ¢ and d, and we can define:
[ Di; -Di ] '
qi=NORMDISTt T J ©)
T4 .
191
2Dy |
By =4l (10)
19 _ '
(1o )’
9, E; o
2z Dl,j i
fabel2 _ 1 j=1 -9
g =. i (11)
. &) -
. max max
| _ chargeion
' states - types '
15 - Dij= 2  X2dijil B
- k=min_|=] ' o '
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.

RLH*_&@E%) or _%(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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be adapted to qualify or rank the peaks of conpeting sequenggg HléofoQEI r
p
conformance to the expected abundances of the isotopic series:

exanpl e, where two isotopically distinct 5 |abels are enployed of a known
retative abwmdanee: O, the nmass to charge ratio of each sReuyeRHGREan be
determ ned for both | abel isotopes, the correspondi ng count val ues

det er m ned fromth(g%nass spectral dat a, g)ad a rank _or EeObabl lity of match
to the expected PRedcE Brefqressl cpbodimanhkog isotopis labdls eithermatygalisntapiowi | e t he

i nvent i 0'lbhﬁdaﬂ@é;ccfr'wl?t‘ﬂ%ﬁﬁ)ﬂéfﬁb@fsto?kﬁ&{rﬂeﬁdﬁ?@mﬁ) Rplcaehercar ﬁ'ﬁeedl%g—: 1}’{93'9‘3’
skill in the art wl re;@gmzethat th eIabegand | abel'i ng t s used

are adaptb@taﬂa)tetbtqmllfymr itlaet pegks of cootphéng Seaﬁ@bab)oﬂhmgmeﬁomér@ego thel abel ed

ol i gonucl eot i, d i gosacchari des Nucl ei ¢

et o ey R e BRI he bR SR, B AP saR R e Isciihest 2t

met hods dgistd drbeﬁpbye(ﬁbﬂd I@bwatrel@five abbhdancE Bt th@tmd?)@to PalRGafiS8f eMhf Ort e- et
al., US. Patent No. 5,700,642; and Koster, U S. Patent Nos. 6,194, 144 and

5, 691, 14Beqyspeq eﬂrné?mdytenmﬁed fpebpibdabel ﬁetoeﬁmthewrrmg@ngge@me@ueﬁg or
pol ymer ase LA ffoﬁaﬁ% PEdIPRa ok B rad BB DrotEHATY o AR I me BBl 1 N Lhe

priner sequence, iIn ngator ’'sequence, mnato sequence.
The 20 " mbasdaded @ té teﬂnab&! s are those | abels incorporating one aor nore

el enents having an atomc nunber from17 to 77, nore preferably from35 to
63, with the proviso that said elenments are other than sul fur or
phosgporus. Pr efg‘;b@gybkggb,%,t}er the primer or termnus is |abeled to control
the nunber of the "mass defect” elenents incorporated into the nucleic acid .
ol i goners- so produ®8dle th inesntiat isdesyribet ibo 3 with reféreren dis labEled pmieihgioce aci d

may be | a a nmass.def e and the, nucleic aci ment ed
oy the ot nil et (e nsatihe it ahr Bor e mrfie s aiiable 8 sy
74: 560- 5pfepaidiod bf bBerhilid igs@elsqs.g9labkRbeligthucleb@@iBIAbsled O | gosacchari des
maybe seq enced hy the inyvention through nodification of the nethods

descri be@ ggsap%{»,ag o aid thg like)y S, Patent No. 5, 667,984 and Radenmacher et

al . § 0 UsS. Pat enNug{gm a§1’dg' glg %Z Qe%lg (f% 2 IXVBIIU%I’ 9@1 l?lghilf %@&le(lf%h

reactlve with the reducing sugar used erably, suc
| abel s wontlbdis dedcttied yyButbty ktzati, ©oS. fRateat Norfa(I)QOtﬁSésMafdirmrelaﬂl Ut Pptent Mo. nyI

conduct ed REIOAP 18 Kebteb PR St 19 Y ap b oA 8. by gl RRAREY | de or

post enzye®id @se3anded sdyaeidin?Q R IR AR/AHE Vsudti A PrithSOWithY Fdss AYREO 13621sS -

Preferably, an oligosaccharide is |labeled with a "mass defect" |abel before
enzymat i ERRFdR Bieypsimer seeneedntheslengator seqnerepidatthe eppptor sequencee Thpmat i c

hydr @by Skhalddefect” labels arc 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 primer 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 yield 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 weuld 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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differentiate the original termnal reducing sugar. 5 Mass '{gg@ ifib'os
Si mul t aneous Anal ysis Wiile the invention is described above w {]h reference

to oligoners, one of skill inthe art will recognize that the |abels and -
| abel i ng n¥OH3E€9sed are adaptable to the preparati on-of PCEVHLEFRSS

- "tags" for other sanples (e.g., tags for conbinatorial chem stry

libraries, tags fo tabol.ites obtained fromdifferent sanples, and the

li ke). 01ﬁgf"h%8£§r =&PPBﬁPstaFFé’a§p?rﬁn?%?ﬂfélo'ﬁ’§h AnaEgsqedectn lpbeldisis i son of

~several éamaﬁéhﬂym?méms@&m&m&a@é-de%%i”h%ki, rRF erdlyntiic Wy Broff (Functi on
Anal ysis | h yet "anot her aspect; the present invention provides a nethod for

st r uct ur difiegeniaté theerigmal tenmingbieduaifig sugaol i goner having a plurality of

resi dues, the nmethod conprising: 15 (a) contacting the oligoner with a

mass defect |abeling reagent to differentially |abel exposed residues and

unexgosed resi MusSTaRGonSnduaneausddtdipient i al ly | abel ed ol i gomer, wherein

the mass defect |aheling.reagent conprises at. | east one el enent having an

atomi ¢ number of il e igvgntignsdgsaribed abpvsayith wigrenss)te gHererh w88 phor us:

(b) anal ygi fent Rewsl) fb6HAHE bl the 14b2REhE Rl ST IO HBSBpBBRES fHRTEL T 1 C

20 nethod to determ ne Sequences of the oligoner that are exposed in the

t hr ee- di prepasatonalf unigtie mesaiitaesifier ceeysemples (of., tebe falcogbmatorishetienastey

e hr ee- di ' | . i, £ h. hqds_above,
ot at gt e R80T EORE Rom GblE! Wibant Poflee Tk SR iAo ©

essert i adlloy BeyimalthgRiBindBidand cpiphdidisof sButthiehmphe ibfsmasekpgasaeashar i des)
for 25 with sonme indication of three-dinensional structure. and/or function
~ of -exposed residues is: sought. The nmethod finds particular use in the ‘
anal ysi s of 9{19;,9352@,. PSBire &od RRRMEn AMRy5@ss defect |abeling reagent with
typically contaln at feast one el enment having an atom c nunber of from 17
to 77, but exl usi \eydfangthef aspedythp puspiidnvwestion pwividel @sectbgbfor statckons i n
which protein.structure. information is desired, .the ss defect 30 |abeling
Fengent RuTkRk B SiabdimbraL e R S epidhien e deed Sindine:
protgins (wth tg @neRHhb e olidbmePWits . mAak dekesabaing redkdt @r ot ei ns) .
Pr ef er abl the mass defect | | abeling rea(gen_t conpri ses an_el enent havi ng

an at omcﬁ}(fﬁﬁ?ﬁ%b’ ladrel expepedrssidnesgmd uagrnosedresidapssandypraduaes differertially usi ve . . of
h h : . 5 ; . , 95
phosp Orlgﬁelecﬂfliggﬁﬁlmf Where%@}l%?rrlﬁgﬁé#ﬁ%%l : r#él%%ﬁ%%{ltgcg)ﬁ‘lé%ef SOULAPO 99t | n one

group of parti arly pre ed e Igoner I1s a protein and .
t he | abdlaving an emgeatumbampfifoes 1 Bic Hethats bthenihae solfurar phoshihioeusat om ~ Mor'e

referably, the |.abeling rea t is,.bronj ne. gas ich is capable. of :
Pabeling. for exail SalgiBediyesaly iabeled Sligtmer ha mass sHISEOMFER oi n

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)_ for.
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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5 1n other preferred enbodi nents, the nass spectrorretrl c met, ? g%soyed
uses ESI-TOF M5. O her preferred enbodi nents and conditions carrying
out this aspect of the invention are as descri bed above for |abeling and

sequenci ng vb ofdds@aMers in general, and proteins, in part#@HI}ﬁﬁuml\Q
Met hods for Conparing the Rel ati ve Abundances of Anal ytes I n yet another

aspect, the present invention provides a nethod for conparing the relative
abundances of anal ﬂﬂ@Be giogprof pwtioarhoprefestghembedimeantsp thesligemer(in) petein act i ng

h I I I
the analy, %%h?fapal ggesgl% aIAnto (I)I'adI?]eoIilIPl PIT%egﬁgreﬁée ergglgﬁ\ﬁ% gent y

attach a. e ana Yorm eI ed ana
noi ety halabeimg re)agentek broatific gmstvahu&ns aﬁpmhsia:ofrlabﬂnﬁg, for emml;ﬂe tpoddd tyvaside t he

provi so that the i s other than sulfur or phosphorus; (b) contacting
t he anal y&eaéuqs’fmeﬁfﬂg@naw N-sanples with |abeling noieties to covalently

attachs | abel s to thgoaRahkteRd 'eﬂlb@@ﬁI%néa%EEIn?ass YRR BB Rt ARRL wtedrm' eties

used for 20 each subsequent sanple contain an additional elenent’ with an
atom ¢ nuiBeESFTEOMMY.7 to 77, with the proviso that the eI ements are ot her

than sul fur or photiﬁ lp?%ferreé gr?nbo angarI(I] eon%mo% (Irscagrfﬁlgg putd eg?ﬁ%’g? olytIle

and (d) analy2|ng el ed"analytes using a

f r agment ativention artas desctibedisiose lfﬂrrlﬂ)eihh £ an@abiin SOILIEIMERSn @éncbiifandr nOI €

of the anal ytes between the 25 sanples. Preferred |abeling noieties are

t hose despcf?I/B’é’d“tpﬂ?'& Bghout the specification, more preferably those having
elemepgs-:wi th atomic nunbers of from35 to 63, still nore preferably from
39 to 58. The sanples can be essentially any biol ogical sanple from ani nal
ti ssue, plant W@ﬁoﬁfah@mmm@x:ﬂ@Rdbawdﬂhuaﬂamnpfdsa{vms'raI sarrpl es, and the
i ke. 30 Methods f Anot her
application of the?rrl’rﬁeLt %II%? e gﬁe’l’rgsﬁnzlrégn?%gmyglﬁ %&?‘E’P%g

cheni cal - thé fetaivt eSundAices s LalaEsfrath evvoLindrdaniphs, edugaisingn of a mass def ect
tag concurrently 57 18 April 2005 WO 02/.066952 PCT/ USOL/ 49951 with the
synthesis of a com¥nenicling thejapglites of afirsy saraple vaihvities lakelingyapiodo bui | di ng

t he ﬁombﬂzﬁérﬁlé‘ ﬁacII Il Ié[)@lrtb' tﬁeeinIaI?fe@»Qna Forth REALY QIII W@:I Itheslhgefll gﬁlo[Ii)e?Iy havAsg

sequencially a ferent bl nat | ons or - chem cals to
descri bedmbylesneehmh alaittdmuemumber Pmol, toNAYL Wxthﬁlwptnws@that (ht/SlanenBig o8881- 5383

(1992)) %Sﬁ%laorn%osp%toruasI (U S. Patent No. 6,056,926, issued

" (‘I)) contacting the analytes of subsequent samples with labeling moietiesto 7
covalently attach Iabels to the analytes in each sample, wherein the labelmg moieties used for
20  each subsequent sample contain an addltlonal élement with an atomic number from. 17 to 77, |
with the’ prov1so 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 spectrometnc fragmentatlon
niethod to determme the relatlve abundances of one or more of the’ analytes between the
25 samples o B
Preferred labeling moieties are those descnbed throughout the spec:ﬁcatlon
more preferably those having elements with atomic numbers of from 35 to 63, still more
préferably from 39 to 58. The samples can be essentially any biclogical samp]e from animal
tissue, plants or plant extracts, bacterial samples; viral samples, and the like.
30 S . ' . : . :
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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5 May 2, 2000), it is also possible to concurrently synt hesii%ﬁ & JHRES tag
specific to the treatnment steps or chem cal conposition of g specific

chem cal during the synthesis of the chemcal library. Such tags may be
creat ed byYPHEYEA? al “addition of different reactive grouBSTUSHHH root
tag. Such a root tag mght be a primary am ne. In which case one reactive

group  cQith th§ndeldesk 4 ébrﬁﬁtﬁatmathbta% 1@31%y§tﬁéé’i¥1ﬂ%l¥e%ﬂtlﬁﬁrg thbere the
.mass of the reactive group anged to represent the cheni cal

speci fi ccq;lhi-‘smtclaal liprientethepedoto aﬂ:e@d:erswlhglr&tcebytswuemlbmd@m differenical entity
. from t he Iabg %ro%s SPchefiEits tggvells As.dgscgggcf]?}ﬁﬁten%reﬁdieﬂﬁe??ﬁroc ](far?% ge group

woul d be" % e Ssécon ate’a ertlary

am ne. T$U1$UH;E)$89 GBSIt-ISI:B$3 (segmdncgmgmnmmlad (UeSnﬂ’a&ﬁﬂﬂoa’)mdxs@dbam cal
proces&lgig ste(F ) ange in identity of the specific ch?,m cal in the
conbi’nat ey &+ 2 qobr“a‘F? 30 ROSSIBIE fossonsypr SHtheSze RS 48 WRETHrdR Ber oot t ag

conbi natﬂr@éﬁﬁent‘%é?éQrcﬁl%nﬁ&@c&ﬁﬁésﬁkon@ﬁ%éép@élﬁ@fchétﬁi%l%ﬁng@{&%fhes@BftthE to an

ol i goneric root , rrifield peptide synthesi wever
appr oachehiesi¢al hbrtaed S:\yhttm nrratyrhwrea(tﬁd Yabs swriad adchtyormfrmffmm rgmwe Sooips t hat

t he addlct)ﬂtvero a u react | ve Ouﬁe%ﬁ{é ons deo gverl ap
when' ¢ neo s & BRSSPt ARGTHE od SR b RoPO! Larf Bie OB EE 0P, o,
avoi ds tduusd wmdb¢m thyrci&@ iaciditag sedibdda‘.ry Qfidthe, WhSK: tﬁleﬁaeﬁstofememm gréupt he
growi.ng root An additignal problem solved by this

ta 1 h st
i nveit i ovoyld be ﬁgﬁﬂgfﬁ teqart%gre?@? theshemisal syﬁmﬁﬁ éhtlaﬁaldﬂ%‘é‘tiéaf RTBC‘fSéféﬁ #1ePYC t he
- speci fi Cwﬁtlaﬁmeccﬂ!ﬂ.'mic@l éhtﬁ)?ﬁ:pfnrlﬁé Hﬂﬂa@l was'elﬁ 8dad. Tk 9@&1}35@6\ pr 9£ecBH@ cheni cal

itself or the mass any ot her ¢ rrponet t hat may sent during an
activit ye@atwecgmungca@dsbqadﬂedttméxesp@eddrye.lmmeem thalrodt tag‘mtcmtd dfertary. Use of

mass def ec]ts @Fthe %ﬁa \éi/s t he ta(g et unc0 bﬁ i den St4f|§d in a '
Mass speé‘t ferm 15 Sﬁ%" REPHPCATY FGPF?SB‘P &Y ‘Etﬁatlé P&eS5I0E S5RY mat ri x
cont am ndwahge @lddatiadf the stz chBifics Cin @R ¢ dghiaaeial libtaty.V AN {¥r 4 tf;ba;aabove
the present invention Prow des nethods for using mass defect [abels to

i ndlléat dhatipdlowss Hroreraot agéaﬁ@m@émts@wmlﬂéﬁ the %fﬁ@htd@&tomqfwawsrﬁ@w has been
'exposed Lﬁh%'t@&l@%%n&%r&ﬁt%’é 3/ eﬁl eﬁﬁdé B%E1E cul ar, the present
S a netho tagg| n

i nvention provi enen s of chem cal 7
l'i braries, either Hahwevag tisiy appivesdhss bmited by t1ei nugberaipmssislertag comal)inagms act i ng

g and b Hekle Apgietmeats oLabidhmaaretige rargTiiadony taﬁg%‘@'ﬁe’rﬂtt AU
atom ¢ fuaTBRs &fa%&-ﬂyh&sgéaecﬁ%ﬁla ri. MEher@d¢hE@védidh a$@ild§|tlﬁel Rin hys Ot her
t han sul fur or phosphorus 8 18 ril 2005 WD 02/ 066952 PCT/ USO1/ - 49951

(b) 28pt i adime) additieps tass idﬁ@ctaplms ipithegrawing foehiag al eaple btepg Amsidditioadl t o
coval entﬂré‘bl@xrnts@ﬁr d ﬁﬁ'ﬂt ;% nQer?ﬁon 19?1%'3%1]3 cﬂ&n{ %tﬁeatg% @1%9& E% me i’lé I ply

| abel ed tag, sal I ng i e ng on enen an a m ¢ nunber
from 17 specifid chemitd it heompbimiosial llbt‘ary from the mass of the chemical itself or the mass

of any other component that may be present during an activity screen or assay of the specific
" chemical from the Ilbrary Use of mass defects in the tag allows the tag to be untquely
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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that said elenment is other than sulfur or phosphorus; and 51%3%) |aﬂ)%l5y2| ng
the | abel ed tag by mass spectronetric nethods to determ ne R 912 nass
and -t he nunber of elements with an atom c nunber from 17 to 77, such that
the mass a@ozgndser of el ements identifies the chem cal peegRsFessit 0 which
the specific chemcal of the library has been exposed and the identity of
the chem cal fromthe |Jbl’? . Preferred enents (e.qg., mass defect

el ements) are as d&¥cPRUSEY %8‘?“%’[“%:““!&3‘”@ g“g‘P’éaIé‘lbellﬂémolﬁl’éﬁlq on above.

The mat etchadigntlyBREOPSRIRRAG ;%‘evg ©88e I%t ﬁa@%cpl‘o?rﬁ%@ﬁulhﬁl‘ﬁ%ﬁelé&rla@g?ﬁ further

illustrated by the exanples which follow. These exanples are ered to
i |1 ust r afldbelipgmojpst having g eldment withan stfomiqmantien fremt 70077261 EXENRLES

Bxampl e Tk Qi e RRTRLFungf SO, HRADRRE: Lpe, Ol 1 gosaccharde (Fi gure 7)

is | abel e sequenced har e is | abel ed usi ng net hods

siml&r to those decs)cmalgeﬁlglthe laWthk@by fiassaectrodhelric Ba&ladﬁtolﬁéterém@ﬁ? 984.
Briefly, a mass def abel E? am no- 6-i odo, pyridi ne (lLabeI '
coval ent P§ thalfst'&??ﬁé’é‘f ths “f‘l’l“?e e glFaents “f‘@r%ﬁﬁ‘ﬂl@lc(ﬁ‘f*mpﬁ'éff‘éfpl é’é%a?)éﬁﬁh lhébthpn 25
the presengeaRf nunddl UrasyanoRes iy did emi DRI 1 \Uﬂfcﬁ tlnéqg{l%l::@i%r ates a

singl e mass defect elenment (iodine) into the parent ol1gos ar| de. The
addi t i onchgmicteof thesibrarythasbeen gkpasehendiht isatity jof theabehid] Hdmgoshlvetyar i de

the mass. spect rum FAee st 8RR FER BPmal SRR ROAM LT MER ol Qo od

to ré@ct bfprcsvbas iIBEndomnitmival ng di fferent saccharases (see Tables 1.1 and
1.2) in appropriate reaction buffers. The reactions are allowed to proceed
to conpletion and the resultant reaction products are conjugated at the '
newy forned reducing ends of the fragnents by reaction with the nass
defect |abels shown for each enzyne (see .Table 1.2), again in the presence
of sodium 59 18 Apthd m2eods \M)tml/s@6@95266@@ﬂ1@$@ﬂsem99&hnmyane(fbﬂlnerhydr| de.

ol T ow ngERE 8 e R 4B RENRER el Re: RS R SRR M b B

f ragh®ent limfit thdflelamtﬁ’dllgirdﬂ&bn,ol i gosaccharide. Table 1.1 5 digosaccharase
Enzymes Enzyne #Speci esEnzyne

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-
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 dlstmglushed 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

| Aspergi |l | us saitoi a-mannosi dase | 2Jack beana -mannosi dase.lgﬁgjﬂpéd'oga 5

sai toi a -mannosi dase 11 4Jack bean-hexosam ni dase 5Prevotel |

p. - hexosanj,m ~PAchati na ulica-nmannosi dase 7Streptococcu oac
pneumnae&@c@@@‘?hfhexosam ni dase 8Hel i x pomati a- nannosi daps‘iﬂ‘f%{ﬂ{*é’“’i. 2
Reaction and Label Conbinations 10 Enzyme*Acti onMass Defect Label Used
NoneNonelcgdyeborohyd2ide) Ehcl efdvabsisl2 md 3 conmimodiéferent nanlyers bf matNfdcabel | 2

3C eaves a 3, mannoses to any siteN .H2N_ Lahel Cleaves. 1 a 3 mannoses
when | § eSS, g iR #egfeme %ﬁ@%ﬂ%ﬂﬂ@?%& ﬁ’@é‘ﬂBﬂﬂé fagmepieof the
descri pt iogiBinhlbliEa&icenakigé. An al i quot of the Label 3-conjugated reaction

m xture (i.e., digested with Enzynme #3) is further digested with Enzyne 1.
The reducing sugar termni generated by this reaction are subsequently

conjugated to Label 2 as previqusly e} bed. 60 18 April 2005 WO
Bligosh
Igosaccharase EnZWRes, ¢ cacti-ons—are—then m xed,

02/ 066952 PGFH-USO1489p1—AHqust
acidified by HEYmedt ¢ | on of a SUYSEIv il RAYEF 206 acetic aci|d in

met hanol and subjject ed] j9,.flfs SRECI T al anal ysis. —"Because of thle |ow
stability ofl.the aceta %gnj ugate in_acid |$h3pnesideserhss spectral anal ysis
is conductegd i myedi at ey atder acidificatfipn, datively, a|different

| abel seriegthat 5 Tncorporates a trard —chyar gea@gggﬁ%@au '
N-al kyl -i odd- pyri3di ni unddetiresyitomy be subljceensthosidasedds spectral anal ysis

W thout acidificagtion. Lﬁcﬁbéa%?“' ting nass P %Q[Séjnrp Qsaﬁéjg'co'nvol }/exd to

Aanc onn t

remove all d Se—that—does—pot—egital—aauss-defect—qbel ed peak
by the nethqds ofS t hisPiepoetti §ron. The r egy-héxagarfi@iasy ol ved mags def ect

spectrumi s it hen al gorj m cal.l
P 6 g /tlcrlxa,tina fulz)c/a B-mannosidase

7 Streptococcus preumonge | N-acetyl B-hexosaminidase

8 Helix pomatia f-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

~ Label2

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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searched by the nethods of this invention by predicting all 4 ? I bl e
ol i gosaccharide 10 sequences that could be attached to each nmass ect

| abel used. The search al gorithm cal cul ates the nmass for every branch

combi nat i oweb2odsgszose (Hex) and N-acetyl am nohexose (HexMé@®usork@sh Hex
nmononmer unit adds a nonoisotopic nmass unit of 179. 055565 anmu to the wei ght

of the estimated fr rrent Ry Each. Hex nanoper. i ds, a.

" nonoi sot opi ¢ Mass d?l ﬁtﬁ'e%?rfﬁacl“(?nf fat Qﬂlﬁﬁg@dﬁdﬁ’ymt'M§ _
There is f%ely ma&eefz%acell)c abid TR Sk thaQO2ahd saujbctédo RS BpesHaPdhalysis. cont ai ned
in the fragnent. The oli gosaccharl de conposition of the peaks matching the

search cridecapseof thajowstabdits ofithe acetal seniagate W asklowiitions miags speaiTad Analgss isand

8C, resp 0]

cor r coporarinSed imalQfu O IR ecflincall 3 CRRARAND A QA RERLEPENARES  on
Hex NAGHe)anécﬁ‘ﬂ:mB&S a(ﬁzﬂ cﬁargEQc f&r%aﬂqbﬁceioapyﬁdmnnb sericauday o mbg)efctddem asss

Cor r espondi r{gal ﬁ \gu]é{al éﬁ i‘ﬂ C),.Peaks The nmass, | add forrred from
the fragrigfte! aBaysiR Rihayt pgidi %QP P AR lLing mass spsetrymn 3 drgew Ysugars are
- be hexosagmotéell biaies hol@hst doeaadmdhtafP inbEHe Rt kpelé@p@kbytﬂémemsaﬁéﬂoonds
to the parent oligosaccharide. As a result, the four hexosé mass difference

bet ween tthis invengien.| Bhsarsuftingsisrenyatved masadafest spestumtin thep algonithniiedlycat es t he
presence ! cl eave
B rannosecarcadbly ngnBHMCSRs 1o e} HeBRRIR, be gitIST GXIRagnly) o 2V
PCT/ USO /sé@&nﬂ:ealhht;cohlﬂlbelatt&heabrqaaglatrmssrmtt‘azhiabei usedyure 8B, four of the
outernost sugars frogmth t er i nus st b i nked nnoses
and there can be no"fAtE $°r&1}"5 glc'r‘rlﬁ'ﬁﬁ dqass é"?f@%{@ﬁ&gﬂhﬁ@t'%‘) he Label
1 mass | agdese (ERRPAIA)-adyiiBhohdps M eatda) eas He:élmeﬁasﬁéquardamt he

previous fragnment. This must correspond to a sanple digested with 5 enzyrre

3. The orngnoytems massiuaiefl 1 ZLBAPY g@tl éithe pugighi pf e estimpled fragpenimase (a

hexose Each HexNAC monomer unit adds a _monmsotopw mass of 220.0821 14 amu to the e§t1matcd

15  fragment mass. There is a net loss of (n-1) times17.00274 amu for each sugﬁr (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 shown in 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 iadder formed from the fragments conjugated .tc.:) Label 1 inaicafe'
that the outermost sugars are be hexoses. The h1 ghest mass fragment conjugated to Label 1

25 corresponds to the parent oligosaccharide. As aresult, the four hexose mass difference
between the first Label 1-conjugated fragmerit and the parent indicates the presence of foﬁr

a-mannoses since both enzyme 1 and enzyme 3 only cleave a-mannoses. Since peak D is the
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fragnent), F (a 2 hexose fragnent) and G (a 3 hexose fragrre%%\pn@dage peaks
Fand Gtotal 5 hexoses, at |east one of these fragnents nust contain a 1
a 2 linke Since enzyne 3 only cleaves 1. a 3 an a_6 |inkages,.
t her ef or ed\vﬁﬁgﬂggﬁuﬁ be at |least two separatel a 3 and/ (5% USQ”%”?‘I nked
mannoses in the structure and these mannoses nust be interior to the 4 1 10
a 2 linkedl rrmmgaogugal&rmmchhtsl uRf 8B, &udri of thet dierimobl sighidrap@ihkiréducigquence
can be derlved {Man4-1 a 2}-{Hex2, Mang-1 a 3, 6}-{HexNAC2, Hexl}-r where
r i ndi caf@minus@usehfuke Rdinkpdimennaspeand thefs st boag indematihe 3 manpesess | s

repeated with diffegre [ uence
i s determ ned. For?%ex%}%ﬁgéx%ﬁe%t: ?%]r)télialbr%l% éar@?lrjr@egi( fi\ 3{aﬁferg§y%§&%%§ﬂzym

8 all ows 4thloeosdtefr&mm’iter;&bwom friymbient. NThik Aiist alrrespapdaa asample digdated vith '
(4-{H Cz-r The ful uen f the redqucin eollgo acchari de
is dete e”tcé’& el ‘Rﬁiﬁb‘gﬁz%?ﬁﬁ‘g ‘“'ggt Ee%éta?lgsg @é@ﬁé ge!rs%snm e 2
In this %%ﬂ&lt? Fagam:%os@@t nt) BREG (23S HREL ff-a%fnehﬁe S'i&%%éﬁs'fcﬁid'@fbtélfs the
fatty aci onposition and arfangenent in l'ipids, or "lipid- sequencing.
Thi s exahploscsunt lbdsy e ofphwss flagmgrite ylushaintames 1 lochbinked mamosof Siskd drizythn t he

art will C|ate th emethodsm 25 conmhination with al ernatlve
separati 0 IRt o &851 nta}gsaéléefs@r%&lt@rf‘owss 7t frsthygIseRAale b 3any  of

the sapoaﬁ&/blatb&% Bl AR e @chYe bEIWRISInbSE S nuBLOREN: o RY4(ver th,
NY, 1975)). A lipid extract 1s prepared via ether extraction of an E. coli
K-121¢el b Yialkee mannsen Fromahizeifoadativh thia fslowirgshrithliskdianse (e, dehiddJAL OF

METHODS FOR GENERAL - 30 BACTERI OLOGY, -p. 328, Aner. Soc. M crobiol. o
Vashi ngton, DC, 198M3ns—l Bt—wHicxoeMaed! o 3ot HexdJAC ndexp)r evapor ation

and the I|p|d pell et was [esuspended in 65:
met hanol : chl or of or YRS Widicatss fhg r fglr%tndsfgféteéﬁtgeembst% ng 0. 1% butyl at ed

hydroxyt ol uene t orgiffyobidk tsoaébélt?éd »Qi@ﬁ dlfi'el?énft eﬁz'}%eﬁ%dﬁﬁaﬂl@i 1SR@i fied 1 n each
of two lanes of a scribed silica HL 8 April 2005 WO 02/ 066952 '
PCT/ USO1targgele serugnes if A¢termmincd. tfe:ewfcmeplsa drgts)loomthaﬁnlzmea followkdby The i pi ds

were t sol v e cribed by Waters and Huesti s,

AVPH ?DAT %%Eﬁ%&%cﬁ@%“ﬁ Mﬁ%&%‘%g“c&ﬂb‘spl_ma ETS, DOCTORAL

DI SSERTATI ON ( St anf-ough-—Un| weLgtmym &anford CA, Dept. of Chemistry,

1992). This process separat es the I|p| ds by head groups. One |ane was-

removed 5 and expdﬁ&o"uﬂoeqwnhemi thmxt&ducrhperdbdf&hmh@sh&tﬁaﬂ@d Bideteemmpedby i ons

of each of the 1 rgcltI The silica matrix was scrapedfromthe
Hb‘g‘\% 8pealley

regi on i IFAEHE W YV SEY®Edondi ng to the phosphatidyl chol i ne
spot and was placed into a mcrofuge tube.

20 ' Example2

In this example a mass defect label is used for the 'identiﬁc_ation' of the fatty
acid composition and arrangement in lipids 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 selectlons can be apphed to
any of the saponifiable lipids as defined by Lehnmger (see BIOCHEMISTRY (Worth, NY,
1975)). | | o

A lipid extract is prepared via ether extraction of an E. coli K-12 cell pellet

using the method of Hanson and Phtlhps (see, MANUAL OF METHODS FOR GENERAL
30 BACTERIOLOGY P 328, Amer. Soc. Mtcrobtol ‘Washington, DC,. 1981) Ether was removed
from the extract by evaporatlon and the hpld pellet was resuspended in a 65:25:5

methanol chloroform:formic acid solvent system (contammg 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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The silica pellet was resuspended in 100 pl of phospholi pasqam?ﬁp%j gn
buffer, (100 pl) as described by Cottrell, METH ENZYMOLOGY, 71:6 g (1981)
and wortexed 10 vigorously: -An aliquot (50 I) of the silica suspension was
renoved towoseeessd mcrofuge tube. The first aliquot waspé¥gahigshspy the
addition of 110 of phospholipase A2 fromApis nellifera (Sigma-Aldrich,

St. Louis, ).,. Which se]lectively hydrolyzes the C2 fatty aci.ds. The
second al P]&Fhégﬁltﬁﬁ’sheFré-’éfJgg*WdtaH%W _fﬂ’iqryjo]qh%]"P‘fs PEF ORI S BSiRpa sotvent

(Si gma- Al gfsielidesstibed tyOMhitrs NPHuYRY, ARipRifh BEICINBERA CHONS Yz By 1 8%‘(%8;? ty

aci ds of phosphoglycerides. Both 15 reaction m xtures were iIncuba
room t enpé&NRPLTELESe POCHORAL D5eERTAZION (Sranforst Linivessive$tenfovd fizy, eptiof o

dryness u . nd uspen . N oxi mat el y 25 pl- of .
di chl or ongﬁﬁglﬁ%ﬁq%g@'é 13%% r8§‘%§5‘“t?§ﬁ“%?€esz%%§a‘9rﬂ‘%{é 5 ods- E’W ?"“&IQ N5 TReYed gded
(201 of aarld dipssel t iodineivapeti to lik@rmine tvasia)ivé positis R esho MellpsEfraction?
reaction m Vass defect Label 2 (2-am no-3,5-djiodo-pyridine) was

xt.ure. 9 ¢
added (20tho¥heagainy wes scrpprd f5am fhe ragien Inghe wedsvslopsd laace eoreespending farheg 71

reaction Pﬂd&ﬁl&h‘ﬁ@yldﬂitﬁ!sﬁ&ﬂﬂﬁ v.(aggla@!:d in@gaﬁii&oft{?éﬂlb@i on of )
1, 3-di cycl ohexyl car bodi 1 m de) was then added To both tubes and incubated
for 2 hours. The cascdicampele voaresugpeaded ind 06 ovh pliplsploniipede redvtion bufjare

| i ber at ed t L. _ _ SP reaction m xtures
were aci dif |B gy %9&%%1@?4 égﬁggﬁll@?ﬁf'g@%@g&%&gﬁlﬁg\%(rl]g%lc] aH‘?X xfﬂmdi ately
priorit o vassuspesh abgedt (SCpRoadihysiliza byspsisidroa sy @¥hovebtoQiseeshdABtrolei ner
M5. The chgm’,ﬁ%l noi se was deconvoged,f romthe resulting mass spectrum by
the al gdFPFhhte Yt aliuotyy asdesstediby fasiddiiion qfd ] efphospholipase Addramedrifmss
spectra shewhrd (KiFhgWie&$: st i t i til ' ' lﬁ%(@gf of the
vari ous fa% ad(:,si_é;g at&C(%’ g?\y‘%ﬁ Iggjj’tdvhgh%ﬁ%g% g{}ia{a?fdé%%flﬁﬁe I p %'%(fasackbone
wer e det efhifi sseahdisliquetsss dntdiet by the aldématef | dbaif NoFoeymE87 1| (Sigpsldnth,tSe

o) or | AL ARS) el e ReBRndr By Buhd £ BloCki Gl B sphoniriee SRl s
addedi 5t 0 resaioh nfixiacks Glepdinebigdtdd dt efigh Fenipert@BRiveingHthe stoi chiometry of the

termnal nmethyl group. Branched fatty acids cannot be distinguished from
singl e chai n anal od$® BN BItpESs MEEEvaporsigd 1B dmpess|undg0BcuAm. 824 066952
PCT/ USOL/ 4Q25chd0l dpprxAa&RIy 759N ol BRhTRGReRine® ISR Bt | (2SarhifiGoyered by
the extra H }Eéeﬂeqled Ati%éorrpl gt eqmtohe stoi'c%?%nnétl\%sgatgggtﬁ%b?felr 2arx]11li}§8§f t he
new br anchdo-Tyralineg vas iaddedaBOpiddndeMabluting ivdichlousndtbdreytodhs plespliortlise  C2

position e ‘esti d fromth noi. sof, Qpj-c ,peak  hei ght s .f th

vari ous L%%%ﬁa -“c‘%‘h‘f“dgzﬁ”@a‘-‘ %%g{@agﬁ81?—.%9-5§rdd-@p§-pgyd1n%n\§asra§pgf{29@ of
abundance: oM dohgiok & diebrdrAdthiheff ts Natodvie 53 reRioh nRituRf Analiquot (20 pl -
phosphat B&yl choline can_be estinmated from the nonoi sotopi ctpEeak hei gHt s for

the vari si@ ! Mapafionotbajdigystabex Peaskadiimige) syas they agidedtodyoth tphesasfior e, t he
aver age SRAMERE for2 hdufe The carbodiimide catalyzed the conjugation of the enzyme liberated
fatty acids to the mass defect labels. The reaction mixtures were acidified by addition “of 1%
formic acid (?/v) and mixed irruncdriately prior to mass spectromefric analysis by microsﬁray
25. onan ABI ngincr"MS.' ' I | o
| " The chémical noise was deconvolved from the resulting mass spectﬁim by the
algorithms of the present invention, Ieaviné 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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phosphatldyl choline of E. coli is shown in Table 2. 1. Furth%Abhlpmi)s
sequence resolution can be obtained through the use of a second 10 thin

| ayer chromat o%raphy di mensi on or other separation nmethod in which the :
hydr ophobi ¥{44%6@F2t he fatty acids is used to resolve the PCIfliSE+9ske, for °
exanpl e, Nbrrl s, J. Lipid Res., 7:717- 132 (1966)). PeakFatty

Aci dAppr mﬂemsa@gémﬁ&ﬂansﬁlagﬁtelbe&@]h AnGE rdcbadied b}me/ésatrﬂmﬁ;e@éa% %8ﬁpile9e

Bn-t et radecanoi c2030 Cﬁlal m tol ei c2 %n hexadecanoi c3735 Eol ei c-2

Fn- oct addBasigickipmey af hegsrappisof themgwdranchnpl e descrl bes the preparation of
phot ocl eavabl e nmas i

substi tuents. Thes?hg?%lgﬁ %’?Q&hg%?&ﬁ ?&\r&qua ti ?ﬁt&@?ﬁg%gm Efanbe
abundancestimated fromothe mdnesolopicgpeak ightefoe tiroiadsys Imbet Betguganed paakabol i t es)

t hat th | ow jonj zation or, defectiQn efficiengies _in the
nass é&l %glme 1gur eﬂﬁé@a" @#’ cqoﬁléq vagigps/ely 3%‘8%1““5‘ ¥ -4 8atHORAS ker ,
for |ts [ arlatlons of t he
tor mi nal ERRASETCARRE B Srialta idh AP PbaSRACHIBER Flians 17 I

sul f hydr wabclamcbrmgatedmelaks:m@wﬁzcﬁngum%,i EgerbfommmagGSeq'ﬁb@cldftﬁdJSI on of

the mass defect element in the |abel allows the |abel to be unanbi guously
r esol ved Phpsbpigdsdsholippphg. cabtieshopwalin Fablsd.It hat may be present in the sanple

and two sanples fr ol i ne
Sequence Conpositi gghg%q@%gng{ce%ggn%%}ﬁégé@%g t%&@%%?@@%%%\é ferent
nunbdfs dliin r]:gsscln‘erhemtgraphg ﬂmmloabemmpa@mﬁ methomimlﬁmmtﬂea@e&o@h&aei@y al so
Exanpl e 1 ert thyIS| | yl ) - phenyl bor at e et her

(FT106), @gétfye‘?f‘ ‘BF?SB § %‘y‘ fice for sxample, %ngfsleyéi{e{-a_ﬂl”wi,
1999) is7mpxemeyi th one of the 5 corresponding commercially-available
bronp- or iodo-phenols shown in Table 3.1 to form the corresponding

brom nated or iodinated nass def ect I abel precursors using nethods as

described in Schmidt et_al .. WO 99 i?]ul 1, 1999). Additional aryl
ether |inkages gan oli Phoshatidylcholme equence 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. déf_e"c_t 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 rﬁqtabolites) tl'1at may otherwise |
exhibit low ionization or detection efficiencies in the mass spcctrometér -The mass defect
~ label serves as a surrogate marker for its conjugate bmmolecule in the mass spectrometer
Variations of the terminal chemlstry provide means for attachment to primary amine,
S 25 sulfhydryl and carboxylic acid contammg biomolecules. The mclusmn of the mass defect
,element in the label allows the label to be unamblguously resolved from overlapping

chemical noise that may be present in the sample and two samples from one another when

64



be inserted between FT106 and the term nal mass defect-cont @%ﬂbﬂg@@gyl
group through the incorporation of a commercially-avail abl e hydroqui none or
4, 4'.- di hyroxydi phenyl ether. To 10 acconplish this, the term nal phenol is
reacti vat edvoisi/mgo= phenyl boronic acid term nus by the sapgrwbhesspsed to
create FT106. Simlarly, branched-aryl ethers can be created by addition
and react(?i}ztat iﬂgn of thqe co rcial l ?lf avai |l abl e 1,2, 4-benzenetriol. The
Lor t - but y L GRERORers £ s Spieprelsmiantigns PSOOBIeding ta Ebelidrectsa abel

precur sorExard 13.hrough MDOP5, Table 3.1) is renoved with a nolar excess of
15 trinethyl sul foniumfluoride in nethylene chloride or other suitable
neans general |y kndwiefly; friferdugidimetiyisilydmphensiepnalt ageu@di 66 pepareghenol i s

further c | . ' - : 1Lno . i.nker e, for exanple
B o8/ 15103 PSP eRORic iRt (PR Bo AR s 3 e to tho
pri mardy amwimespoasingesomidoaa lybyvaiisiierbibinoebr @ko-phéioth shdie i@Thtle 3.1 6 dsmbe
further reacted wth any.approprjate phenyl.vinyl sulfone. Exanples of
appr opr i atﬁ‘éCWSBﬂ‘g’hW &Vwﬁfﬁﬁm&d rﬁ?‘?éﬂﬁ‘éﬁt,la PTCSYIEOTs ¥ping mathadg ag o, t hose
wi th bl oclegelitRaiiABEBMIBNEAE WORIAB2B0T (TRIyA! 999)! RABIHEAN ad Qﬁﬁﬂmﬁ%wca%e

a

reduced to an aniline), carboxylic acid (e.fg. , trifluoroacet ester), or
thiol (e.Rginsegedpetyeen HE106 and petprainggnase defeesreontiningarphanyp theouph.thdhe 20

mot hane. S aiclfotd RFerk B AARE AT R blcly it s PR R SR T Y

t he BOoclkicognpligsbribis) the teeminuiythe?d ibyeactblateddsing aphediibororic acig ierafslis by thhie art

and the photocl eavabl e nmass I s conjugated tq nolecule or macronol ecul e
t hr ough tsﬁ@ef’}egé"ada‘fﬁe HE credty %JB@??I iSémﬁitfPYd gfaBFhﬂgﬁﬂBPﬂ’ngdiaﬂ bpyreated bysui t abl e;

‘gener al | ydaRi6AGRd F6kivaaORbIEaLsRM ARSI 1R Vb @lbénﬁm%i ocl eavabl e nmass

defect tag conjugated nol ecul e. 65 18 April 2005 WO 02/066952 Table 3.1
Commerci al ) - Avai | dieéerBhuniolimgihisl! $ibdopPrrshng sromO thSORsNdgsd Idebst i t ued

5 hingl %%?%%%@%%ﬁ?gﬁﬁgﬁﬁ Irsegal%;lé?%'lﬂ %\r/ﬁﬂ(& Ewithg%)?]% %ﬁ%gslporfenoxy) -benzyl ox
y] - silb an&rilhiethylsblfdmim,oﬁde_ in methylene chloride or other suitable means generally known :
in the art. The corresponding deprotected phenol is further coupled to an apprbpriately-
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 frec amine, carboxylic acid, or thiol group by any

suitable, generally recognized, conjugation methods to yield a photocleavable mass defect tag

conjugated molécule.
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440do- phenol tort-Butyl-[4-(4-iodo-phenoxy)-be nzyl oxyl-d mggm,hrmogane _
MDP3\ . _ HO

3- Br ono- phenol [ 4- ( 3- Br onp- phenoxy) - benzyl oxy] - t ent - but yI - di net h%/I -sil ane at
at HO\ / 42 -\ f NOZ 8r Br PCT/US01/49951 ’
2, 6- Di br onp- 4-ni trophenol [ 4-nitro- (2, 6-di br ono- phenoxy) - benzyl oxy] -tert - but
yI di metiyl silane HO Br DMP5~ o at

4- Br onp- 2- ni t rophenol | 2- ni t r o- (4- br ofablgohen6xy) - benzyl oxy) tertbutyl -di neth
y[silane 5 Exanple 4 This exanple illustrates the use of affinity-coupled
mass | abels for the ragfanmerpigiyAvaileble Broner agdladpRhenels affinity purified

mass defiect | abel ed conpounds obtained from different sanpl es. In this
exanpl e Spbyituadbhengly oo Coday | Mass Wﬁmméamuﬁ_apw 66.

18 Aprill 2005 WO 02/ 066954 “ﬁq USOL/ 49951 t hat thl s nmethog can be appl i ed
to the analys or conpari'son pf metdecul eg=¢ i fi rent
W S ui txabl

sanpl es| nfre on,.of tRe lab
het er obi| f uncty 7l aryl RQrom d
comrer cial |l y-aval | abl e exanpl esf shown in Tabl e™1).
(Table 8.1) are also useful. Each of these anilines can be reacted with a
st oi chi )mnzt %IT,gongBg\gn% s of an N-hydroxysucei m de ﬁ_‘&QNH%Q ester of an affinifty -

[N

o

=

O

=

o

D
—~

n

- reagent the—ecofRy brc: a lr\e,rf 2\ EQKHMAZ"& eﬂw-waoﬁﬂ ﬂlﬁnehl n_f_l n
nmol ecul <=s | n anh dr ous acet‘\ﬁy triNe. \The reaction nmixture is incubated for
at |east" ::\ . 'he addi n ieT—0 grolyze any ~am eacted
NHS- est er . | vent isfevaporate dr : group is jthen
reduced|to g.Rrih@ry anmng¢ using standard rret such 'y ute HCl with

SnCl2 aglded as a catal yst| The yeaction product (see conmpound 4.1 - bel qw) :
is purified by affinity chromatpbgr apbyyandicevapenatefgQrdhyaess. The dm no’
group (produced Igy reducfion of t{héynitro group) Is then reactgd WHh
anot her i sui table /crossl i nkemp3s(e. g\, Aodoacetic anhydride) or .pay be used

directly for age to carboxy| ciﬂsi cnta| A\L5 targ
usi ng cafdod ¢ chemisfry. Alterhathive ige chemost

4i t abl e |f or

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 SOIIRFTGEssEa PE Nabyipermisaesimids (NE) geer ofanedfinify teasset psh ai t h
nitric a@m@bommé?&waaauéb R mht:.waaf. bPB’i%h%%ﬁﬁés% 5%&;%9%&%@@&? 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

67



i o- (CHz)4 FNH NHz roan s ne Br Br MDA2A 02N\ / NHp?gCEEn?dogHZ)4 F

ili
H\ / NHz 2, 6-di bronp-4-nitroanilineO MA3 02N\ / NHz

I ‘%90 9%:troanlllnel o To illustrate the use of such tags bl ood
pl asrra sa BE 0P ) are obtained from each of two pati SREUSAHEIN aced

I nto separate m crofuge tubes. Each tube is treated as follows. The

macr onol belinksd @rearboxghic ptidd thrbully carbedianide thentistef), bdebhaidaérbied bgci d to a
final concentr?tlon of . about 10% w v and the tubes are incubated on ice
for 20 nfYfCUTHE ﬁ’ﬁhr&r‘@ﬁb f1dpagetic F‘E‘ﬁyﬁ@p?)e?’e‘ﬁl ormasgek by rracyian math natrig agido g) and
the supernatant is renoved. The pell et Exanples of Affinity-Coupled Mss
Def ect Labels 68 18 April 2005 V\D 026952 PCT/ US01/ 49951 is dried under
vacuum The dried pellet is resuspended in 100 microliters of a suitable
tryptic__digestjon_buff &xarcules of Affimity-Adupled Maks DefeptSliabeland 0. 1% w v

tris(2-¢arboxyethyl) phosphine hydrochloride. The solution is incubateg
overni ght at Heterabifunctional Code Affinity-Coupled Mass Defect Label
aryl bromide or iodide
B " N
MDA
- 2-bromo-4-nitroaniline : (CHYe—
[
0
MDAZ2
(CH24— N
“ H
2,6-d_|bromo-4_-n:tro_anlilne
[
MDA3
02N NH2
I }4 - } . N
| | "
2,6-diiodo-4-nitroaniline o

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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| sotopically pure aliquots of MDAl (mass defect affinity |abghs,d)oogse
prepared 5 with an iodoacetam de linker. An aliquot (50 mcroliters) of
the-tryptic digest of sanple 1 is added to a m crofuge tube containing 10
ng of [ 79Bwiod¥iédosz A sinmilar 50 microliter aliquot of thechgpiisesdi gest
of sanple 2 is added to a m crofuge tube containing 10 ng of [8 TBr]-MDAI.

Bot h tubes,arge i,ncubated.for,.3, h prior to mxi the contents, together. The
af fini ty-1 958 BETHCEE: abe dred e IPir%aspﬁydiﬁ}lEﬁ%%afatswf@wwwgwr@tw

st r ept avidiliesti @URAIRS Contdifing 0D MUY «GRin AR d. 5o ti(slchibBxyedlyl) pHoYbiEne MO

foll ow ng the manufacturer's recommended procedure. The Trecovered tagged

pepti de RYSERerle Hitaoluion inipcihated cypaiaht sidtler with the nass defect
peaks deconvol ved H?mgahggg{g%gag omel@fagfﬂée%:?gfffﬁlé@ﬂb%llf‘atf—glp?e%an%ﬁpt' des

by the nethods of e pre vention. ‘
i sot opi catithyandpddacetemidedinker. ofn Peplis(50 waceligranf thbitegtié digesthebamplehas i ve
abundancea 5 Exarr%l e 5 This exanple il I.Bst rates the use of photocl eavabl e
mass tagg‘il e @ dghedigs Jubexsniainipg i me of | nH M Mevhomilapf0 mheolieesent
- i nventi oaligws of AR Splic BlEARNLanpIL e s Rfeqd MC%%%@UJ&%M%HW%% of a

J

specifically incorporatéd into the weight range uster cadnpo
phot ocl e &) Bl Dyopdeth tibeslesdndubeied fiyr 3Nemsorat mating thd.conted tegetheNOThe

6, 027, 590 T fect ided by th | ts al | ows fragment
contai ni AgHE DS nAE T LR AR ot S S v s el OB ERESER e cal

noi s gemﬂ'fn&ye_dluﬁfrf(mgiﬁdﬂﬁ[dr@h%ﬂi&liﬂM@}?féhlﬁﬁrin%hﬁé mARa 8Pk 8&B8Amdnted NE
sanple. In addition, this exanple shows how the use of peak pairing. '

deconvol BFeHre| G jecewered tagaed Prpfids mtuss is analyzed\by myasa spdcirometeowitbithd ow

si gnal ' SHEe ' : i ts W i.gh. jnat ur al
bundanc e o <t REPE EREEORUTTHRTE. TRARA TS er eI ullab e b i€
descr i bebly the nisthavsiof s ppéseisissengibn aAll rerhbiding isdtdpicallpelist@xcgpisiofpedksat t he

Rl - 36 com ounds.tai%gedhat ét e\p 'l_)i consi st of bronophenyl anmi de derivatives of
ani no aclds WEHITLPYIPRY "CARNSAPRIGERs. The bronophenyl ani de deri vati ves
are wepared as follows: 69 18 April 2005 WD 02/ 066952 PCT/ US01/ 49951 About
59 of 3-bronobenzoic acid and 5g of 1, 3-dicycl ohexyl carbodiimde is

di ssolved in 100 mM of dry toluene. About 10 ml of this solution is
aliquoted into each of 10 reactiongyials.e To each 10 ml aliquot, a _
stoichionetric quantity of one of" P%%A‘r%&rs butyl esters of the amino acids
in Table 5.1 is added relative to the bronobenzoic acid. Adifferent am no

5 acid tert-butyl gster (lﬁr par ed Eé/ st andard net hods) is added to each
t ube. The reacti onlJi§cxample illustrates the use of photocleavable mass tags in sequencing -

20 methods. ' '

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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al l owed to proceed overnight at roomtenperature and unreacgg&ﬁ lt"e‘gotosbutyl

ester is renoved by the addition of trifluoroacetic acid 5ent I's then

rem)ved by, 8&2}9{% tion and the bronophenyl am de derivatives are purified |
y preparall erse phase HPLC using reverse-phase chP6R&EBYI%4Phy with

grad| ent elution. 10 The bronophenyl am de derivatives are dissolved and

chr omat ogr aphed u%b@tégtﬂﬁ/ﬂ)bbir@ﬂhén@c@cnd @B5sbAal, Bm‘t@th@i}aé@bddiinﬂB@ﬁi ons -

25 cm X ﬁ m l...D. 5-11? 120- |_pé)SO A@@g ’g‘h ra i ent_ nobi | e phase

consi st A4 %R 499 (P 8F dry 1RgHey iboyt 1hmbp iSO tiendsaliaypted g fariuel 1  h

wat er i nreactidvpdds.I'Bé ERh 10l AStCa ﬁﬂﬁhﬂﬁﬁg{&m&nﬁ%@gb HP&I%Q@?—%U{%E&I&EM yst

for the sg?lem fic bronophenyl am de derivative. The water phase
opt i onal P{thpaming@rids énTatde 13 isaddedirelatdieto ﬂmlhiomahmmcumdacﬁbdtifeeent amino

di et hyl a 0 nnonN dr e 1.0 n olLubility of
t Ihe g%al gatla;?ﬁrtnﬁl{tﬁ%@y@?{ggp&hb sséanlgn dcné'létgégswé ngdeg) ?ﬂ‘élh%‘ ?ﬁ% %9% I e:aky
br oadeni alfpvredso pocesdradmighet mb@a&mpexﬁmdarﬂmxﬂﬂ&)ﬂdﬂﬂéﬂ—ﬁﬁt@l ééterb@rdmﬂrbcﬂl ed in

st rengt h a adding.1-10 % by vol u i sopropyl al cohogl, diisopropyl
al cohol , h“ ta@ FOAGE ‘P&mdefgf’ggt“ 1&H’§H§@§°Y‘?ﬁi hyevarRaratien andgle ween t he

const i t Usidksphddy Iahﬂd@dlﬁfﬂvﬁﬁ&sméﬁdﬂ{fﬁd%?‘gré;s%abgrév@?sngg?%eﬁlﬁg? h&llﬂ%Of the

desired brom)phenyl am de | abel material fromits | gradi ent.
is i npl eteEerpephasy Clupmatyigraghy wethigoadignt sitiomnt st rength from - 50% organic (by.

vol ujge) to aroun N er t he cou nutes.
Ref | fnlfgment of the%r?%g’rqlrggp{?eﬁ}ég%d&c‘)iﬁgﬁ tvﬁ%?{FngS? VB&F‘?‘%‘EIEOIHF'W B‘ILH%FH@ final
sol vent aﬁ’mmmcgandlgmmnemphu@s(eﬁnérmoﬁgezsrmdeefnﬁﬁIeﬁcmslgm yagJ ve as
woul d norsé_)dkly be done by one skilled in the art. Isol ated 25 fractions of

the desit }:ﬂﬂémpammldehmtmm@mmmlbmﬂﬁmeﬂluranﬂa@vcapmﬂeam&hbrpr1or to

h h
| abel & i phaR kb, TRR0LAY: nER e RufaHimEng FES R0 55 s et
r eact ed the Eﬁtcdﬂjﬁr@ﬁ@pﬁhﬂaﬁi[ﬂenﬁnﬁﬂ%amb ﬁﬁte’t ﬁﬂs%tma lﬁﬁéﬂ)elﬁesﬁlo@lhé@ttﬂh the

tetrafluoro nﬁ}?-bl ocked acid nojety 1 Q?I‘I I" 2005 I WD 02/ 066952
PCT/'9S015°% ﬂmommey@@tﬂmtwlmnﬁ AR, )08 2 hydokige

al ani ne4o afd in 9AUbivity & BE hithiPin the mobile phase in cases where extreme tailing or peak
broadening has occurred. The organic p’ortion méy Optionally be modified in strength via -
adding 1-10 % (by volume) of isopropyl alcohol, dusopropyl alcohol, or tetrahydrofuran to -
-effect changes in selectivity between the constituents in the analyte mlxture and enable the
20 1solation of the desired bromophenylam1de label material from its impurities. The gradient is 5
1mplemented by changing the total solvent strength from ~50% orgamc (by volume) to
around 90-100% organic over the course of 10 to 20 mmutes Refinement ofthe mobxle
phase constltuents, flow rate, initial and final solvent strengths, and gradient veioc1ty are
made for each derivative as would norrnally be done by one skilled in the art. Isolated '
25 fractions of the desu‘ed bromophenylam1de material are c_ombmed and evaporated priorto . - .-
incorporation into the mass tag. “ | o
This procedure generates a series of Iabels with the general comp031t10n
shown in Figure 10, which can be reacted with any primary amine containing target

molecule(s) through the tetrafluorophenyl-blocked acid moiety.
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I 1 H2N- HOHH2N-i | H-~-OH H2N-1HCOH G IHz HCH3 H2)5 HZLISQpFﬂ'de% NH2
Leuci ne or Isol euci ne2- Am nooct anoi ¢ aci dAsparagi ne 11 O

"H2N-H C- OHH2N- QH C- OHH H2N-G OH HZHz | ( H2)a H2/~ CHI C] 2- am nohept anoi c
acid NH2 Gwit@mseePhenyl al anine H 0O H-OH 17H N PCT/US01/49951

Table 5.1
Amino Acids for Use in Preparation of Group Vi
Variabie Weight Components for Mass Tags

ﬁ I 4

HzN—]:H—c-—_OH HoN——CH—C OH HaN {CHa)s \ _

H T : ' OH
Glycine PH:; : '
| | alanine . . 4-aminobutyric acid
I i | )i
e H ' e e e
HaN TH C—oOH HN S | T HoN TH C—oH
H—CHy _ _ Hy
(CHo)s
Ha - 7 _ —0
CHy . ) o NH;
Leucine or Isoleucine 2-Aminooctanoic acid Asparagine
- 0
— CH— — O : H “
HoN TH c OH H2N TH C—OH HaN— OH
Hz H2
T (TH2)4
I
. CH, |
2-amincheptanoic acid
) NH, .
Glutamine Phenyla]anine :

. 5 : . o
] o |
HzN-_—T OH HZN—TH-_“—C—,_—OH- _ HN—oC OH

(CHz)y H—CH, C o (CHo

CHy CH, lHa

2-Aminodecanoic acid Valine 7 2.Amjnopé[arg0nic acid .
5
Example 6
This example lllustrates the use of a photocleavable mass defeet labeI
generated in Example 5, above, In sequence determmatmn of bradykmm |

10 ' 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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NO~O- H2 2 RN HC -OHC JH ( 3HCH3(CIH2)e H2) 7 CH3CH3" ﬁA ril 2005
2- Am nodecanoi ¢ aci dVal i ne2- Am nopel argoni ¢ aci d Exanple 6 E exanp
illustrates the use of a photocl eavabl e mass defect | abel generat ed |n
Exanpl e 5, YABPEOSE h sequence determination of bradyki ni n.PCIOUSO44951 s
exanpl e the 3- bronDben20|c acid and al ani ne conjugate nmass tag. label is

2t ached skiailoiblok S h B EndSid SR odeBCHL DL WAl s TREDSA S

generally recognized in the art 0 about 1
ng per mSc:HtlugS were ophitndzed ftﬁﬂhﬁﬁlghéstbg‘lam&l abomdance of the 3- charge state of the

acetonlt ter %th ne sol . The oI ution was i nj ected at
about 1 ef’Bfle étﬁ °H Ry W“Eﬁtﬂef’l‘éffs MF%‘W};‘ #bi00Re AR TOF
nmass spe |ds fo
Prepar at ?‘aﬁ%tgf%édlﬁﬁ%%%“@g e e ifonl et (O 003 P s e o g
Apri | 520@8p hdveal meaﬁﬁg tipand we@ldzm%mmaadwcdomtef @6¢Htﬁ¥t theaghpAdshrain | nd'
negati ve i op,,no The Ss spectronmeter settings were optimze
fogrJ t he Woﬁﬁe@gﬁeﬁﬁftqsﬁfgg&% ﬂb%r{‘BEﬁCI?‘}e(étl?mE%ﬁé??ge state of the
ol i gonucl eotide dT@h¢hats e hh@eb%aﬁﬁié'v@a\é%Haly’&etdrbyag\f@ﬁrﬂhaﬁ ﬁgr eater.

e

t han 5000. An Ar- punped standi ng wave dye [l aser re
t uned t oS&R0dsratigans Tdiechenisal naise indhdmgssspenttuweess dehmwﬂmredmsmgMeand the

nozzle o ﬁHQQ§ t.h ld be fully
exposed %%#? eIazgfaﬁﬁéhgvgﬁ%%tggﬁggpﬁng%ﬁdegf %ﬁP ﬁ%gérgxgylabeled
sanpl@ was anal yzet@héy daanuolvbdpbalg wide fe@nsqualifidd bysme esas cdbidianed.of The
chem cal ,noi.se in the ma pectrum was deconvol ved using the algorithns
of the cﬂPFéﬂ¥°HQRﬁgﬁPﬁ8ﬁtmﬂé&%ﬂqﬂﬁ the mass defect |abel peaks (Figure 11A).-
10 These deconvol ved peaks were further qualified by the relative '
abundances of

£

(Counts[,ga gt Counts[,lm) lCounts[,DB q” Counts[81 I

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~Faetor spectrum .
(Figure 1 lC) was further deconvolved to a single monoisotopic peak using algorithms -
| generally known in the art as :mplementcd in the BioSpec Data Explorer software (verston
4.0, Applied Biosystems, Framingharn, MA).
20 '

Example 7

This example illustrates ‘the conjugation of a mass-defect label, the N-
25 .hydroxysuccmtmxde (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. Anhytlrous 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 supphed

72




their isotope pairs using the al gorlthm ICounts[? B [ + Coqgﬁi) 0?r[ 1
(Count 5E, g(c), -Counts [31 arli 2 Counts["Brl + Counts[" Brl e ative
abundance of the | ower nmass peak was replaced with the O-factor 15 from
thi s cal cuhpdiofmessthe resulting deconvol ved and peak-qual |i ¢EfsdTRs3; Spectra
of the mass tag region are shown in Figure 11B. Finally, e I sotope series

in the (3-Factor é\&ﬁg‘i é] ure 11 C) was further deconvolved to a
si ngl e nonoi sot opi Eﬁ"ﬁ & %flgﬁéﬂ‘ﬁlquﬁﬁﬁeparﬁéﬁbﬁﬁ‘lh%ﬂ%ﬁbmﬁ 208 meS-art as
i mpl ementBANA 52 hRg M%&l@@ﬂ%@ﬁb%%ﬁﬁnﬁﬂ%@ (ﬁ]%eﬁin?l} #rglt Qppl i ed

Bi osyst emns, Fr am ngham le 7 This exa t he
conj ugat i somicafed an @bsﬁéfﬁ%@tmm}bﬁly dlssoéfel‘ﬂllzl& dojids. o’ngesmnmlmmm teubdddS) ester

f 5-b bi
arade) ( CenfiRliabAl A G opldrel UPRCI TR O Bpdoly s BobSTHEPR codi um
dodecyl wsuflthas-BrNANGRD thé3H SHested QRHS, 5- BﬂdAw}eg@anﬁﬁatadﬁkQQM) were purchased

from Si gnma- Al drich and used as supplied. Aphydrous di methyl sul f oxi de (DMVBO
(Cat # 20864), 1-ethiA f? epafiredbyRating HSr é&iﬁ?i@arﬂb@)mmﬁw@@oh@(ﬁﬁééhl ori de

bt used ngmih SERER) %m@f“%?rﬁué%%éf*ﬁ%%éﬁ%”gé@%?&eﬁﬁéﬁ@%%’iﬁ%@g&%%‘ eree
NHS- est erdilgtedgo pORimegimd. i rgépaM@ddlum pliosphatpbudiies 98 V.0 gn2bhifg fimal 5- B][ INA
52.7 7

soni cg? e?g ?%engljag rfs%frsl%’n af%irgs gﬂ SZ RFSH- Mygs%’fs\}%beiffdlswgﬁsg\ggﬁﬁgygh ey

m xt uoe \sddingricasbaiieso ;auer WS-E:NAA&@A}@% deReBEA Ahov3NGh Vst %
resulting mxture indicated 93% conversion 5 of the 5-BrNA into t h& NHS

ester (NH dergrrgdmyggelehian dhe srrenlelves tubatgdo vamighd enatbiemdeyeritertin fig at
- 95C for %Q.rl?lfheastam e%(fﬁé}f é)ﬁ%ﬂlsg)r%l)pc{ial Ze%%n hr%ﬂv i q\?\ggu a&?#(:lﬁ% eous SDS

sol ution er co era %0 1.07
mg/ mL in r@ﬁovﬂ\msa)dldlﬁﬁ$g hﬂspilnhﬁsea duldiéréous efftdt én Qlecteayptai s @%ﬁfdrﬁ?dnalyms
eled with

concentrations of.1 % vg%éSDS nd 6.4 re M/o. was |
e o b RRSE0 PrBeinee s b S5 Cisttey A it BARAO el Aderdisac | bed
abovest o fidaldialkydis, kHe §Enp1&@vas HA& l@%@ﬁf{p%@ﬁil %&@Pdcrtga\ﬁ{g‘% sanpl e was

i ncubat ed overni ght at anbl ent tenperature in the The sanpl e was
t hen extensively dialyzed with 50% (v/v) aqueous acetic acid to renove
urea and SDS, which has a deleterious effect on el ectrospray nass spectral
anal ysis. Loss of protein was evident during the extensive dialysis but
was not quantified. After t he 15 fi M@_& ysis, the sanple was driedto
conpletion in a speed vac (Savant). : :
120 This example illustrates the generation of sc.quencing mass specn-ré.lrﬁég"me‘nt
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 m
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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Exanple 8 20 This exanple illustrates the generation of seqygnghihdERss
spectral fragnment ion species from5-BrNA | abel ed nyogl obin %&repar ed as
described in Exanple 7) by IMS that are shifted fromthe periodic T
chemical ndi%BY®5anpl e was prepared for nass spectronetﬁygﬂ§mﬂﬁ?§blving
the dried 5-BrNA | abel ed nyoglobin (Exanple 7) in 0.1 nL of a 50% aqueous
acetonitrile sol ut Eeamianémofithegw mbsskpedmal doh sievaiceddr evidendd of Tiee | abel ed
protein was. subjected to in-source fragnmentation in _an o

el ect r os ST Fhamwed brtype iogw? thedlabe! dprdtinianrisplopiq messi 1§ Hihatis sisfigd g 9léns,
Inc.) as i i s , . The
TS Spect o o R AR T Bl pRa bt

cal i br at ed dnnnfseli Bigereyl 240.i ‘Bhe identityn pfibis pregk istrerrohogated byabe eppstamaged af & he
manuf gct 'S thons. e s | e S-infused. continuously via a 50
30 m b o e beTss el bR 2 I0E P RERes R a e ER R e T The
nozzl e pdatetddi fedgmentSion siet indbrp3fifes vhd Kighdidhkne isofops @ bEdnihe ntragi on.
Spectra were accunul ated and summed for 345 s in the range of 50-2000
mass- t o- CRHAYINERAT TGS of fhesq Bvonpsaks ars monlygaunalabaoticcting thaigot nafogd 1

Exam nat i,@fnfficd 18 rdidile lR&HesPect ral data showed cl ear evidence of the
singly-charged b-type ion of the |abel itself (nonoisotopic nmass 183. 94)
that is shifted -0This illustrates thetutibityl dfgenerftinplaked-spheific fmgmpatriensof t he

peri Qi c.chenm cal noi se. appear | on _a .periaod of -1.a see Figure 12A).
Phe. TentTeoPosfitene: Aead RERbls P gt Brou B ) e be sispb febE s 8o8e cony
peak (18%cfited Hah préteme (Wiith bRTbMPBIQF elehRnfsithfldopRakxhiMbitEiAgGRisk esponds
"to the | abel ed fragnment ion that incorporates the higher-nass 1sotope of

br oni ne ?8§9¥)¢“W5 MLS| ative intensities of these two peaks are nearly :
equi val ent, refl eciy PP i . 1, NE: o es. This
illustrates the ut?flléi.'%fhg? daér‘\%erré;t@%aHng da%gw'g%{eég?’ff ?{:asé)éégg@rtrgﬁltﬂelag%g&m :
i ncor por #hat nyrevpesl td dfagrentabmdbesmieglghin Noteanime) Thé singlyashatped neoal ved

f heni_cal, noi.se . at ed from. i ns,(which d of
el embit s CPRaT ECREKs B et SerHre AM 08 mi2 et iR T Phd RO
spectral ddele corEsporKagtoRe ciiiaed hidess 6f Ok drRsS(piRiRCkughd) (2edoPgrKks that

correspond to fragnment ions_of the r%ogl obin N-term nus. The singly-charged
r

a ion 158&BuBYats Wprtret seq Figuredgpdr Ehts, saquoncingipng arg naragd. dhe (see

Fi 1 : J t.0. t |
of “the a5 iopaiviblaBhitRhfs o AeARMELElor Ak ETRERSY M il R LA BB TPooeS
Fi gur e 1B@h.intFimits of fedoepeaienged ambe abe igelfi ehahds highhestatgbredrbg doyjulation :

abungance,.of .seguenci ng.jan a observed with.this label js a. result of
he SR oA P BRERR T Yich R B ED Rt Tt 1 hA). eRreiarcel i piebbh | s
hi ghly stedjiiddtcaagedids wONEMOB Hr&tBrential cl_g:avage of the label amide linkage over the

protein amide backbone, leading to a loss of significant sequencing ions. Asaresult, it

would be preferable to separate the label carbonyl from the aromatic ring by one or more
methylene groups to make the label amide linkage of similar bond energy to that of the

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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20 of the |abel carbonyl with the pydridyl ring (see Fi gure, %2‘1‘% 5,
Generation of this highly conjugated species will lead to p r?tl al

cl eavage of the | abel am de |inkage over the protein am de backbone,

| eadi ng t oweo bpgesof significant sequencing ions. As a respgfysdifgospoul d be
preferable to separate the | abel carbonyl fromthe aromatic ring by one or

t the | i nk f I bond
oner gyt oARED S Boar SR BRE utrm parrane R S e AEiRgnd uaed g ared.
‘exanpl e IMhﬂfdu@HRﬁetﬁ)hﬁllféQme wgnfscggcgtf# @05@2@ S éiﬁ)leeﬁb h:%%ymﬁ,gﬁhkopyn

hydr oxysucci ni.m de (NHS) ester of brono- 3-pyridyl acetic

(5- Br - 3- PARYd "’Eléﬂieﬂ’dld@éh OHBRIHARIG (Gl8t #2294 ), and NHIS GLAAR4ECX were pBEFEd was

pur chasedgdh prade esis and used as supplied. Myo (sequencing
grade) (Cat #ABG%S%&Q% 'Ecjyrﬁ?‘%@decw sulfate (SDS) (Cat # 74 18 April 2005

WD 02/5066952 PCT/ Usmamggeslerbwmn-mmmma -HrGaPAK) WQ6 giepaiediif siaby hased

f Si hyd d hyl sul f d
(OVBO) (Lo R E S BEEROTS 33 7hE DSein Lmriechp oy 135 oxi DBSONTHE
hydr ochl ahixélge (Vmwfa@@tfom@?&&@blém tfﬁﬁ&rfmﬂ% ih SRt dat 2161%&%?@@8%&995 ed

from Pi er ce and used as supplied. 5 The NHS-ester of
( NHS- 5- Briherepliayg mpdurg insigaied S 3V ncasiversiomyof thg 580i3vi Ay byatandang @dision3- PAA,

for 24 E%%ﬁ%ﬁ%%?%%ﬂé?%’f&?@%eﬁg@ﬁ’é‘ﬂﬁlﬁ?@%@éi‘ o EDCTS 7998 e
r esullbi ngddddandireubated fakecth& ot Avivarspedral ﬁialﬁdi@oﬁthcs@tnR@hbﬁbr&df&aﬁdar d
o) and EEE G G B ] D oY ORE ke RBFINETBRRERL 24 b Nows
spectral analysis O%Ot“hﬁ deRsthted bﬁﬁed??néhbﬁgemgﬁ& 654 njiNs% (%%F)%@ﬁe tion

period indicated 93% conversion of the starting materi al enatured
by heati ﬁ@lumorsg 98 ffar 20 s ﬁ@es%o@nmmmaqaemmpmlre gcﬂamL@mmmmzmr 20

mn. Aft _
odi um prodshareMonBaB TN b FREL Ry g Ml oisP P L BAA R L ok
(0.245nL~195:M ﬁﬁalmvmfanrraﬂm)mceaﬂeﬁab ilejeni@eedagiptdotin. Thesagnatws ed

myogl obi n. e was. . i ncubat ed overni ght at anbient tenperature in

the dar k™ R%gdrczv??g? 1ght ot apbient temperatueyinghe darky Fhe rragiien W&WIZBVWIHTH s, pH _
8.3 buff ﬁfalﬁ@@ﬁg&hﬂ&t PO Fridodg, %uﬁascoh@alﬁlﬁggw % W@i\sﬁ@i‘o rddibve ﬁgﬁaé i abel o

reaction roducts. The final retentate cont-al ni ng
myogl obi BsdH b reagtiembepodhess.oThe ﬁnaéxetslatatel(eh6pmb)oa®dtanmng therlabrabede -

o SORfhob R0 1A o B e RS Sy P SR S 3;?; |
addeao T(Ruckalepbteal A399)) Rt Co¥im. Mass. Spec. 13, 344-349). To the sample, 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, axﬁbient 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 dried labeled Myo was
resuspended in 0.4 mL 10% (v/v) aqueous acetic acid solution. The protem concentratlon

(2.6 mg/mL) was measured by BCA assay using BSA as a standard.
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inverting the tube once. The sanple was centrifuged (3743g, 1891pmébosa”bi ent
tenperature) to aid in phase separation, and nost of the top layer was .

di scarded. Methanol (1.8 nL) was added to the renmining | ower phase and .
t he prot ei WOtORA9¥ad precipitated at the interface. The 2PCIHHEIAHAS! ’
vortexed vigorously and the precipitated protein was pelleted by
centrifugation (3743g, 40 mn, anbpeapiefgoerature). The supernatant was
decant ed and di scarded and t he resraﬁlpTot ein pellet was dried with a
stream of nitrogen gas. The dried | abel ed Myo was resuspended in 0.4 nL

o) vl meon B S gl e T Y S G B BB Lo
2005 WOfiagmed68bshebied frobLBAIIAA 1abeitinh goglébid [irépatoddnBix@mplel 9y bl TRALSS t he

generatign of sequenci ng nmass defect spectral fragnment ion species from
5- Br - -P%QW‘EBE‘E‘@E%R%@PBB‘P?F"% pheaystidWisen Exanple 9) by IM.S 5 that are

shifted fromthe pgrd,Qdi ] i ). & d r- nmass
spectronetry by di§ssglﬁg%e§6£g{?§}a?§flg£%a§f?§§feg %@g@%&i@%g%%ﬁ@n 0.5 nm
of a 50%ahdleéonysgabat (A0 1) ind).$ ollutfi 2050% aqicainicepnitdle2edutipn cottuimingacet i c
acid. Th el ed protein. bjected.to in-source fragnentation in an
el ect rosg‘?l}‘i/)f Yﬁg’ﬁgﬁgeﬂci%ﬁ%j@’@é{{ﬂﬁ&}fgﬁwb{eﬂﬁ? hErspMfcepesmepai s,
Inc.) asanl@lesiRspalipge-BpNRaNRaisdfbctRimdtr (MReL9/ @_ﬁﬁﬁgst%g,-ln@ﬁas 2000) .- The

mass spectronmeter settings were optim zed and the instrunent was _

cal i Bb at describackinl Sehepiiort b (W 00/p %% Cist 26H2008 THieamast Spetioimetyr etingse
manuf act r. . .on inf used cont.i nyausl y..via a
50 m 1 o eEepRrf RS RE R Bhgy by B BT FERaleh RE R, SRRNGPHR Gmie T
The nozzieeorddey ©nhé Mmanviadueets redonR@nd¥tide. iThd yaeple vas biflised chrtagiedly &fal on.

Spectra \Mﬁée ccunul ated and 15 summed for 180 s_in the range of 50-2000 "
mass-to-& Hg@-%-maPQRWWﬁ§{¢6%%$Y fEcerah v raeekl-3 pbaping Thgaezzle hows cl ear

evi dence, QfnttN§aSidd gl 2'2'(5 Gha rﬂﬁgelgl-s'ogﬁ:ei cqﬁ[ib%j%ek{rﬁmegﬁc%ﬁﬁ{eﬁiaﬂq s of

the | abeﬁ) ed nyogl obin (Figures - I"gur es gures 15 A &
B) . Doubsmsimgbiok 484 hat the cange i 663000 niass-wrchargenmiis.por at i ng ei ther 79Br or

81Br atons (reflecting the -50:50 natural undance of hrom ne) 20 are
shifted by their %&“&%ﬂ%ﬁé‘&é‘%‘?f@er%?SStSBC‘EfWEQ%F °W5F1%EVIE%°§Q13 K _?ys'e that
i s appar@atgeam, &, ic@.@ﬁbﬁwdcfrémwn@rymﬁﬁsaf_taé%elarm?o lasihgtvﬁg&éaqsh_tﬁp ted -
sequencing 1ons that were produced by the 5-BrNA a%el ed myogl obin

(di scuss@guich | A £nP) aud HiguggndS A & B Doublgbpaaksitheicogiestsin to bugnsh an ~

Ve a0 SRS S0 e
N-t el nak shi@ed bytheir rildss defest 2. 19D &d th ildfedfthachieasicdl howé tHah s apparehet oniankage
of 5-Br -;;)e}ilgéé &e%iug%yrg%l; axsﬂum h%g, 1}11 ikE': tee Iri)nlaﬁé ,ééguencing 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 describes one method for the IMLS of apomyoglobin labeled
with 4-bromobenzaldehyde. '
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backbone am de I nkages in terms of cleavability conpared tqghBata0ek
5-BrNA: which appears to be nore susceptible to cleavage. Exanple 11 30
Thi,s exanpl e descri bes one nethod for the I M.S of apomyogl obin | abel ed

W th 4-br onphenagbsdenhyde. 76 18 April 2005 WO 02/ 066952 PGl /59%951
‘N-term nal |abeling of proteins wth aldehydes followed by sta |zat| on
with reducing agents results in |abels with secondary am ne attachrrents
This attachnent is Neerminadideheliog Df:labteylss'tléltﬂhtehvﬁ%srfotlwcttwStdstmmdn mitharm de.

compar ed b Btale eits Sl g8 RTINS pBCaby it T SRR e
abundant érrea@miemy stairhfstmﬁ therﬂoerree;&mdmgranﬁtbd ﬂm:em;re;chmng&nmsatheqabeoihoaldaam c
site di reaﬁaé»yrﬁ fro the chem stry provides a " e noi ety that

renders t agmegkitigh campefﬁ%FOgtEapWewlqoerbwﬂéaﬂar g%ﬁ sl@éﬁddmduce
att acrmenrmwmmﬁﬁagimﬂ ,érsqrma@aalrﬁe&mﬁ iR UGS ﬁagferme irect

Si gma- Al drich. The al dehyde can be added t6 an aqueous buffered solution
of denat ufres thydhgmistiyrprovides nisefié chargeninbisty that remdersi e gondioritonofdescr i bed

in Exarrpl dfn‘PJletg%P% 119%1 geforgla?t% énrt]urx\’}ng:%gss&ye NHS ester of 5-

bronDnlcotl C aci r eact i on. t he | abel ed nyogl obin is
stabilized by red uieBrc@ﬂibhkhzﬂ_ldt@y@@haﬁrataelé fromh BRSnarkIdicE OThe Bldehyde can be

cyanobor ohydri de. This reduci ng agent - sel ectively. reduces jnine-|ike
doubl e b&%&émaaaﬁ@smﬁgfeé&a R ehisnaRFiaTygiahin g pumaaner g Yo f ound in
peptiides nditRhOtREMd J@aﬁqﬁﬁﬂlotfbpabém@%rnﬁ@gr&ﬁﬁdmﬁ h%‘%@g@ ediér ¥ 51°

e urified

secondary am ne. The |abeled protein is th yS| s or gel
filtrati dwomphigotifigiid.eWppn otaction ¢asnpdétvnothe bdbeled mgkdbuclsmpbﬂlzbdl by buf f er

system a rforned.in giTRAner ; as des n_.Exa

Exanpl e %g L%Aagglk% B Grated Jminsy gltﬁ djup cxgieko OHESH%LS’HW reﬂ%‘fl?ﬁl?%%{r | abel ed
Wi t h 5- brssheotivedptednies uldbieqmdddnbleﬂnoh@dmheldeémdt herﬁrc@bmﬁpmn@t%daﬂg&uﬁs@' d
according to the pr‘?cedure outlined in Exa for aPonyogI obi n. Label ed

ubi qui t i oy foupd ByPRsidesandguptiews 2 Ehy w&éﬂ%{a&tﬂh chamica! inkegaisss
spectjso n’%%&fndg!? a@ﬁﬁ@rTl@ﬂbéle g?&?}égrﬁtSQh r})u?i@igd b ﬁra?ﬁ?scér%@l ﬁi‘i[%tl?l@r}@( yzed for

t he presence N-term nal I ons containing t arrpl e 13
30 This dskakgs poteinig étssdtv'edsmtdmdvls m@parfbleemdfey oyftoband IMb8 Irraotrfurmbd in the

6- Br omo- %nanner as descnbed in Example 10.

Example 12
20 } L
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.

| 'Exrlmgiéll :'

| 30 " This example 111ustrates the IMLS of Apomyoglobm labeled with 6-Bromo-2-
: hydroxy-qumolme-4 carboxyhc acid (BHQC) .
| The NHS ester of BHQC is prepared accordmg to the procedure described in

Example 7 for prepanng the NHS ester of 5-bromonicotinic acid. Apomyoglobin is labeled

77



hydr oxy- qui nol i ne-4-carboxylic acid (BHQC) The NHS ester of 1?%%‘“ 5605
prepared according to the procedure described in Exanple 7 T0r preparing
the NHS ester of 5tbrononicotinic acid. Aponyoglaobin is |labeled 77 18 April
2005 Wi th BHQC using a procedure sinilar to that described in Exanple 7.
Label ed aponyogl obin is subjected to in-source fragnentation in the mass
‘spectrometer as described in°Exanple~10." Théiﬁ‘s"‘s + speet ¥at “ddftarar e
analyzed for |abeled N-term nal fragnment ion LP e 14 1 .1 This
exanpiiie BHQCLUsing atpeecedire sililaSodliat déscdped in Exdmiie 7 eDabstedap@mimgiobori2- hydr oxy-

ui nol i ne-4-.carboxylic acid. . Upiquitin cap be ] abe W th BHQC .
O Co e fosm o R i e T spsoRorkstar s descned 5 Exagls 10 Shéiel = -

- Labeletrdl Bital bbe ahdlyded fdr181c8 WcRbihadrabRentiogOUr ce fragnentation in the mass

. spectroneter as described in Exanple. 10. The nmass spectral data are
‘'subsequently anal yzed for |abeled N-termnal fragment ions. Exanple 15
This exanple illustrates the usg.Qf.. -aut omat ed deconvol ution and
sequencing algorithnms of this ?’%“Tﬂﬁ% to find the N-term nal sequence
of 5-Br-3-PAA-|abel ed nyogl obin fragnented in-source in an ESI-TOF nass

| spectroneter as.descrihbed .i.n . The raw data used t enerate the

" mass spectr umﬁpgmgﬂﬁlﬁ%a@&%%ﬁf%lﬁﬁbe%ﬁl ‘ﬁ’)‘i"f?ﬁ?“fy Y he data
acquigainbline -Gtk A0 aci@HQEHUr al - period of the chem cal noise is determ ned
‘fromthis raw data using the "deconvol ver"code shown in the .appendix and is
det ebgyitn camba labeje BQGwecording ioghe mipecdren aytlined indixampletlidor spect rumi s
bas el aas t dd dbfnitndSink ; t L NSk WHR r, whichis -
al vva;l?g pglélgftd'l \E/)J,gseiln l\/gl“% Fi g%%%%é%&.“ﬁgssgﬁ%ﬁﬁ%ﬁneansﬁ}ittﬁg%{a%he m ni mum dat a

‘wyal uepachoneierias descdigdso Bxample. H). cliie nufss spactzal data axtjsobsequentlp anabzed foy

K

Subt racting.through ry data point. in the block of data. The baselined
-dat aliaﬁ%fa%ﬁfwé sfggrg?ﬁ%qung‘ processed with the. "betafactor”™ as a way to

qualify mass defect ( Br--cont ai niExampheks, which should al ways have a
mat chi ng [ 81Br] . peak 1, 997954 amu ypstream fromthe [79Br eak (Figure
16). The - resdiisetgRple Hglétrﬁt?ﬁﬂéﬂsgf’f ﬁgﬁutm*eéégf@avqi &aﬁse{qﬂ%mgequencer
code lo&:fBins 6PHR FEhch to FRB te P ickBinallskduAcLSHSMEI-PAR - latd nyo2obin | ed ;
"Met hods for Determining Protein and ~Peptide Term nal Sequences" Atty.
Doc k &agmgsteddn-s@ucerign ESHRQF atascipeeiigmstenas dasetied insExampleot-por at ed herein by

pan oo SUPFBTRE 1R e Ehe BKRP AR AR BPIRER RS S g e 111

f our exjrted in ASCII format from the data acquisition system. The natural period 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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-1 residues

' ANVENDED SHEET .

"sequencer” code is run to determ ne the sequence of the f| rst five
‘resi-dues, the sequence GLSDW (SEQ ID NG 8), which yields a theoretical
mass of 756. 1993 overl aps (Fi gure 17) the peak corresponding to the nmass
defect position of the sixth residue of the true sequence. {G@.SRGE (SEQ I D

NO 9) at 756.1840). This results in GLSDW{S 8) bei’ ng the top
ranke u “ | t hr ougl
Bk Tt R

=4

enc ranked
agai n because GLSD\N(SEQ | D NO 8) fails to propagate a conpeting sequencg

at the sixth r “ThIS th nt age of a u tiv robabilifdy
al gorithm Exar%t%{ e GSegueflﬁEf s ex I ﬁ)d?fjﬁﬁgtﬁgfegge%gf@ﬁ@ ir%“EdBFS’ a generic
Jass- theksamenck amsnw (82Q IDNOS) ohith gkldsa tivasdcalipha o 75, 9o olerigls (Figins
I nvent i . e., mne an_ioni zabl e (1,e. r|dI) and a

succi H)Eﬂ‘%teﬂqe Pfiﬁ?l %Fdn%pgﬁt,p?sg}ongf &‘ﬁélﬁg‘é?ﬁd“FSftPE NEFYEPSH nus or ot her
desi 1 (GLIDGBEEY) D NOSELQH6!Pd4Y). aidesutts MULIYW SSIRPHYNORY b&s; \E wpt her
species, It has been denpbnstrated that succinic ~anhydride, and ost ensi bl

its dEmkesequpace af fiectenidugs t Bhovrrders wyenq iSeONENCeR s m thedugh ik easidpestthaiieds

pol yp ( m&@‘tﬂ Sg?ﬁ? 40474057
(ZOOO%EéIfé@ﬁgrgbeg(g%% 0936%0 ?c/ aro tlbgéagsge(}f:]\“l%ieljswcan eN(r% d| |y
synt hédls togoiabate a mamgsemycmﬁb s residneoThis stomis febiienggoefas (AL, . .. AlJ,
mass . B" ), and a core succinic anhydride reactive
m)l et ;&/E{‘@%" ?isogge[%@&%l& l?‘1“118a) As an exenpl ary strat egy, Figure 18b outlinps
j}toverall synthetic schene for a {(Al.... An)-(Bl.... Bn)-SA} mass defeft
I'abel . In this scheme, 5-bronp-3- lﬁ)él’l dé{ acetic acid (Lancaster Cat
#13579) is initially converted t hyl ester by reaction with et hano
in the presence of an acid catalyst with renoval of water. The resultin
ester is then - brom nated by reaction with elenental bromne in a basic

sol ution of sodhisgxapliidipsates the synthesinefa sorpric maspiafechlabe) thabinempsates t hen
sel ecam\ﬁataéfet@a&ﬁa%f@l f{hhen‘"f’i&t['ﬁ ?tgr i), 9 in a%tégt gﬁag @g&ﬂ

tetrahydrofuran with Ium onbacet a acet al ) cupr at
whi ¢ hsch:m,g aalpydridalinipgmesiaty fooattaghment torthe Viterinkps amﬂnelr désired ntrnnwmac et al dehyd

di et f 4 thI| hi um t rmithe
or ganol I tdaﬁ'um sp%gﬁ O%k) ﬁlg?clj ﬁ:%’ %Eéﬁ]vltzag %:f h[ beef'%%emonsmt%tt{’g BY “¥&act i on wit
Cu( | 1 uhydridecandestositilynits derieativies; reaet mmmbd;umtmdnvaetﬂam@ t@eirdd to renove t

?Seag]!*) A&rqr)o | l’l‘iac{ Y and%g%%j%sge Xllzunclgb gle? ]t%{nap %}C,én t78 JOQ’?#(SSCY?EOO%)SI gtheThe 1 berat

comparable aliphatic/aromatic species can be readily synthesized that contain any combination of

\V

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 dehyde i s oxidized to the correspondi ng carboxylic acid bg ab F
oxi di zing agents (e.g., Ag), and the synthesis is conplete y cyclization
- and .dehydration of the two generated carboxylic acid groups to formthe
desired succininic anhydride derivative. Exanple 17 This exanple
illustrates the use of mass defect |abels in DNA sequenm ng applications.
The schene presented (Figure 19) represents an ‘exenpl ar.y: SeguenpEng

techni que using the nethod of Sanger however, sVTﬁﬂ’@}l/nﬁ hodol ogy coul d be
apﬁl i addehyde lebhélzedjblﬁ‘ik es:eq‘a@nﬂdlﬁmcaﬂikibclyﬁﬁﬁm H_?{Sstﬁﬂlai'ﬂl oﬁ&zﬁ@&@iﬁ}s@ehbﬁ@) or FCR O(Vj
ot her trat L es. kno Il]ed 1n art. Brie an ML3 pl asm
carr y?nﬁg aYE ohed© ?W&%S('\}/ﬁ?' ﬁﬁﬁz@%@@r&@@d(@mﬁ e&’(‘tﬁ?ﬂ@&@!ﬁ@ﬂ)‘“{ °B8EQ | D

NO: 10growgs té finhitid deirdd\tidcirdiig aehyWiddUeAPatiVE3 ori gin of replication primer

(3" - d( AGTCACGACGACGITGT) r A-5' G’SEQID NO 4) that is |abeled at the 5 end
with rA to make the priner selectively cl eavabl e by RNAse (Integrated, DNA
- Technol ogies, Inc., Coralville, The reaction volune is divided in
hal f and transferred to two tubes@ﬁﬁﬁ&ze tube, pol ynerase, dNTPs, dGIP,
and mass- def ect - | abel ed ddATP* (see Figure 20a) and ddGTP* (see Fi gurel_,20b)

are added. To e pol ra Ps, d nmass- def ect-| abel ed

ddTTP* (see Fi ghlrgg a%’c ﬂl ngc?(’f’f‘b&rm @%igﬁt g’m%‘ s%ﬂ”%“"&’tﬁded The

modi f appticatiddéT Ae schema pte@adt’dd@(ﬂfg&reﬁ@) @pﬁseﬁf&@ﬁﬁk@iﬁa@%ueﬁ%fn@ tdehidl O@ﬁﬁfs‘ﬁ{
rocedures, (see, Kricka, L. NI'soT PROBE

d
?E&%?‘Eﬁ%@ ¢ ﬂﬁé?&g‘?ﬁa’&o"{ﬁ?@s%lml NéWWPI@gJ( aydblye appdéqdﬁ@pthe@lﬂﬁ seenciignak, M M,
DNA RitaR sucﬁta%ié?fﬂ&lﬁﬁ’l\brﬁ@'ﬂ(or(oﬁ%gﬁpa} e Qb ke Sk b tﬁgg\‘ngTPS are

usef ul ich contaln&grlne and yrim di ne bases derivatized with mass
def ect Iabel nBiely, e ﬁdlasleﬁa’ﬂaﬂegiadynﬁm%mmﬁﬁmqum(epi crosslinkers

W th { C ) i cati nd chain

exten&stl fgf% @@GIAF{IE??) @Eg@%ﬁﬁ@ug%‘%ﬁh QSZ?QZ%%@%%%‘EP QU oduced by

chal rprine (3 d(ammmmemsmmmﬁ@ss (PEQ EDA0M)akdt WlatRid 26he VaaRith k8P Wi th
noves the chain- termnated product from

d
The da st P it Pleabef dig e RNt daol o oy

hybr i Idwa)atllhe Reaction&ro i i€ didIEERIIRIAREL AR ¥EHo hiled IHBﬁeStube, olymerase,
spectroneter-conpatible buffer and flown in an ESI-TO- g gnﬁectromater

i n neBREsETTo Andrpise-defpeidabrledidd ATBT (seasisvra 20a) autdeH}BE‘l{seesFlguer{)b) are
Tl ¢l AOAB s kSl her BRCINTR ATEAL R ARGRINNATYR bl i B0A0G 2" ¢

al gorithns suppli e instr manu urer tem;) to
gener@@@’P’éb?@@Flgareéﬁdﬁam fnidndg ’Eiwln)oduﬁed d8NTE: showﬂﬁl]?i\g[re 20 %@Eenil;&ryaxﬁt -i/us

zero C e e subse cent roi ded
oo a?{klﬁ%&?? tousp E)crufeé: Segs[gl"l ég,rlﬁ‘,ﬁ\ﬁfyisommc%ﬁnfk&é
TECHNIQUES Academlc Press, New York (1992); Keller, G.H. and Manak, M.M., DNA PROBES,

& Stockton, New York (1989)). Many other modified ddNTPs are useful which contain purine and

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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'The' mass spectral data are anal yzed as foI I ovvs The spectru r

f

_ a D
eI i m nated, |eaving onI y peaks t hat have i ncor porated brom ne or 1odine
‘atoms (Figure 21). The spectrumfromthe ddT*- and ddC*- contai ni ng sanpl
is simlarly treated (Figure 22). Looking at both deconvol ved spectra, th
hi ghest- mass fragnent is found (4114.733)-i.n.the; ddA*lddG* Speetrum

(Figure 21). This fragment can also be |dent|f|%§s fragrrent t hat

cont ar Sy er ef ore,
the | 48t " u%e: ng%%e?dg | nﬁ)t%&%ggﬁ%& n%ﬁm%gut}&é&nieicm%me 1é‘%e rrass rrent W t
t he newplier{saigerithmass is a doubl et at 3695 611 and 3697. 609 whi ch I's found

in the ddT*/dd ectru ure The oubI et Lndic i pcor porati ¢n
of a bronine a‘tj%?ﬁl Z{pﬁet% ‘f?f)g oljoges T h@&?@mﬁ% 118%1&[?1“@I@equence i g
J. ThiddGprantsss Saﬁlpre@aaeadlﬁdeunu cheirhel Aolis MRakatdds ich@bmshly poaksithdts case, a
si ngl peak at 748.1850 in the ddT*/ddC,* spectrum correspondi ng,

£ hov e fyedco g aisd biggiiae orine alogts GO 2T TIRSBRETNEoT SEGIT DANIICES) | s
det er ghii@sin dg ﬁﬂﬂlc"i@ﬁﬂllérﬂr\’d%ﬁﬂe@fhﬁﬁ’glﬂ} hﬁooﬂ?ﬂ%l%\te&ttﬂ &E@onv%ﬁf@@éﬁ%nﬂﬁhl &t

substitute unknown" sequence SEQ I'D NO

det er maﬁreﬁ%mpw ig ﬁenuyi (ékléﬁﬁr)enﬂadmd@gsmwmdﬁgmamn T\bwﬁragmeqm@ed whi ch
is wi rb@ic@n 138 as tﬁpgﬁén{ ftﬂ'&t o 8M5ind Biodiftimsd ﬁ%ﬁ%ﬁ bsqgere g‘n@?&t he A P lity to

di sti.ngui s mass Specl es i ncor pora ect atom
degr adlemﬂa-c, tiredlast pgclaotiderin ﬂﬁﬂmﬂmbwm”gequemk fhe'gmanass ﬁﬁgmﬂmt tvitk the xextpl e

prese her ei.t her s defect elenents
P’ na i AR R P Lol R ARG BrE e 0 of t ne
I‘ZQI I I(Flglram)m?he douk¥et iditapes incoMblatistOof @ biokiie atorlTRIbA ABkrefreshOnider segnent of

tHe desir be .s enced i s obtai ned using the above procedur e, d
a newBHTO ﬁg‘? %Sﬁﬁ’ﬁ’écefsr 1%@@%&&{?&@&%&%}&%1@% P ig fomud, i fBis &8 fenci ng

al ong sinfet dae!al@dt@ﬁl@b'ﬁttﬁédlcﬁ‘*fhdc* Bpekthifn &)ﬁ@npoﬁ %%f&r@rto tr Wiﬂ&s can be
pl aced end-to-end to reveal the sequence he unknown DNA. Exanple 18 fn

t his &sasAse ATHECUEGTAMG (FRIQED HOrldLis drtmed@d piheginpagsy andthemugleetidee bovi n
ubi que&mmerﬁéﬁts%gﬁ%ﬁgédcm} “ariddveist u&%%heﬁ%c{iﬁ%@ ﬁé@f&fﬁ?ﬁ gocedure

described 1 n or nyogl obl n, except e proter'n | abeling
st ep veeminsdducted in 100% acetonitrile. The | abel ed ubrqurtrn sanpl e

prepared and i Hﬁﬁ n_E 8 April 20

Znvv spectrone télggas ?éscyioseﬁgem 0%42{@@ 8 Se‘lrﬁ%“eﬁ!ﬂgg\?i‘ Fr"ﬂ‘ %s spectru

was  decifivaionseitr thisdnvamibn. Sincpihe stelity asdigieguish thass défect peaiepinorddatinghe true

HOT U s o Yo BRSPS ot Sl A Segtants it mpie - ' O™
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”
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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GenBank) was correctly determ ned when "sequencer” was run ?A%onotshr ee,
and four residues. The correct sequence ranked second out o conpeting
‘possi bi.lities at the first residue. The correct sequence was al so ranked
second (to MJQFR, SEQ ID NO 13) at the fifth residue.. It is understood
that the exanples and enbodi nents. described herein are for _illustrative
pur poses only and that various hodifications of “changes it Eght-:ther eof
will be suggested.tq.persons skilled in the art and ge? be i ncl uded

wi t hi FPER g%aﬁfi?wa‘??& 1 fxapinied. oFhe resyiting app spectrinowasaiconydlygBarndf  t he'
appen@aﬂeﬁg@msmﬁgdinm*lggn'bﬁqu ons, patents, and patent applications cited
herein are hereby incorporated by reference in their entirety for all
purposes. 82 v Hus ¢ ubiquitin §-texmirial scd065e (IAIFVE (SEQYDNOhIY), dbedined E@HENCi Ng a

term i i I L. cConpri,sing: a) contacting said_oligoner
Wi th am hrr%@g %’%‘éf)%gtg éqyg%tgﬁﬂrﬁlg@%e et Wﬁﬁﬁ? I"Qj"z thres gudfontsasidnes s Thref ect
. apgl icmgecm;q?anye na?keg sf@ndhmwslméomﬂeﬁng)@dsgaﬁﬁés a%lﬂﬁ @ e dRe | l@;@egoﬁgotﬁl i goner,
sai ef ect in ty conprising at |east one el enent having an
at om SAuSnGE a5 alhe ke seqopd B MQIER: SRR gt tha Rk resifer.ed ol | gomer usiing
an enzymatic, ahgmabskioed ®at R ?ﬂ% i r@g&@ ' hod to
producge | abel ed ol i gomgr fra;gne%ﬁ?%l,ﬁmﬁgg({ ragdr#é]%}tnfss;d an Q‘lﬁggﬁ I rgl?é]rg a nmass
spect FUIFARTEPHEBISFE Py Faf Hipt verianginepdi Bdnsibasionthiaggessn Tigh) thembéwiti be ng t he

seque : term esi,due f, said | abel.ed , ol i.goner,
wher e?%%se gﬁ%ﬁfs%éaﬁg% tglgtu%gtl %@Fﬁ@f\tgﬁ |h c‘#f3 tétbg 6“035‘%5“‘@35 ﬂjb‘? P ?ﬂ%‘%ﬁ rI’g‘et ween
t he miisappbicationeandsoepedt tht ampentud dlaiagnent piblidafsnsUpitahe) d palehgomer

f rag . . t he nuclear. binding energy of the nass defect |abeling
rc;? e{ng ylg}} he @%’gi%ﬁtgggfﬁﬁmoﬁrie 58??&‘ ’chr@é“}t@g]ﬁé’&fﬁrlﬂé“rﬁ ipfkergpiisptydenall sting of a
pr ot epmrposepol ysaccharide, nucleic acid, and lipid. 2. The nethod of claim
1, wherein said |labeling noiety conprises at |east one elenent of atomc
nunber 35 to 63. 3. The nethod of claim2, wherein said |abeling noiety
conprises at |east one el.enent of atom c nunmber 39 to 58. 4. The nethod of
claim2, wherein said |abeling noiety conprises at |east one el enent

sel ected fromthe group consisting of brom ne, iodine, europium and
yttrium i
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5. The method of claim4, wherein said element is europium 4g@pyiBasmet hod
of claim4, wherein said elenent is yttrium 7. The nmethod of claim 4,
wherein said elenment is bromne. 8. The nmethod of claim4, wherein said
elenment is iodine. 83 18 April 2005 9. The nethod of claim1, wherein said
oligonmer is a protein. 10. The nethoqugﬂﬁgain1l, wherein said oligoner is
a polysaccharide. 11. The nethod of cl'aim9Y, wherein said sequence is at

| east three gesid T net hod of ;claim erein said.sequence is
at Teast foul ot oot Hiod BrselEnEL R imPly Soflolat i SRURLY S Bb0uRE
oligoners, daph |@heked wid bligomelikities aniks darshdibelihg Mssydeteaientighbel i ng
noi eties are mxed prior to'said fragnenting or analyzing step. 14. A

nettaeRithe gpass defsehnlavsine angistyitp gricsrngsoighe glgnsreriand dormbp labsledr ni xt ur e,
 GRUGoltR}, M GATRELE| ki oSO AR A # M, o JOEH il dheibd, 2, TS

noiugtbgr fromal 4 er'si; nus. of said oligoner and forma |abeled oligoner m xture,
said nmass defect | abeli.n ety conprising at | east. one el epent having an
at oni ¢ nurrbed’) f r JFEIPniBE s Iqhsfed QiR e An crenasiepiemaliiy ReSS1 dual

| abelirfndlit GapRESatidh ﬁé{hﬁdk@?ﬁdﬁé’@ Bbbte@ﬂﬁgorﬁéﬂﬁégﬁ‘e}ms;' dentifying a mass
spectrum data corresponding to said individual [abeled (d) analyzing said
mass spect r um datidentdyidenenass specie datg oemspondingito daghipbeled wbgdeemi nus

rﬁg dl,ée .. of ., said oligoner, wherein said analysis step conprises
di ¥t nﬁ’ﬂ ng between the mass of the | abel ed oligoner and an unl abel ed

ol i gomer baggy onicidiimne ttRALqudco 8F AdeRNBII¥nainal RIFIBS ST Aof BBLIcd abel i ng
moi ety, wherein said oligonmer is selected fromthe group consisting of a -

probigeingr, whersps said feductes dateralingtionatspdconzmised dipereminaling petwstinthe mass
a ; | A Mer el ' I n S a t om c_nunber of.
F e MRS Sl Pl o TS BB TR B n B ieal e o
elbbiting civagy afnthe atzeniicfesiumiting dfoiétypm 39 to 58. 84 18 April 2005

wherein said oligomer is selected from the group consisting of a 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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17. A method in accordance with claim 14, wherein said el enggizpfisop8! ect ed
fromthe group consisting of brom ne, i od| ne, europium and yttr| um 18. A
met hod in accordance with claim 14, further conprising a step prior to

step (a) of isolating a group of oligoners froma biological sanple. 19. A
met hod i n accordgnce | : e sanmple is from
a diseased ti ssug sa %%ﬁe@é@bfl&l&% 0 Fegﬁghéigiﬁ%ggééggg E&%:I ai g1p18 wherein
sai d bi ol ogi cal sarrpl eis froma healthy tissue sanple. 21. A nmethod in
accordance with ¥0-ai nTheimethhépbilains hivthesapsridoligandrds a polidadredeby at | east
one nethod of capillary el ectrophoresis of the | abel ed oligomer m xture.

22. A nethod in cor i i metric
nmet hod uses ESI - mgﬂlx\ggpd%h?%mf&%n% ‘T%E?%C%gén I%ﬁﬁﬁ%gg&&al{lgl ysi s of
an oligoner having a plurality of residues, said nmethod conprising: (a)
contacting said bl.i golks meihohobclpmms? vdwfan said sdnwkiiaegs atdeagbfour residues.
differentially |abel exposed residues and unexposed residues and produce a
differentially | noi-ety,
wherein said masg:pdef ec%ﬁlsmg@pp&alﬁ{r)gg{ﬂggétﬁgw%m%ﬁ ng&; %g i E?EJ[L?&io‘!r‘{iglgaeI enment
havi ng d#iferett cnmnberruf dres ddéctﬂah@mlgmoieueﬁfe lnhmtd préor o kPeat frhgamtmg lofur or
phosphor?ﬂ . | abel ed oligoner; and identifying a mass spectrum data
correspd ?ﬁlﬂé B said differentially (c) analyzing said mass spectrum data
to determ ne sequences of said oligoner that are exposed in the
t hr ee- di mensi onal4.st r NGhdfk&] Rnskqsemiences et ofSa digdnegidn@roligbatr mRtike,
unexposeg egqt he t hree-di nensi onal structure, wherein said anal ysis step
conpr | $¥¢ MG CPMRIIFAL; ng bet ween the mass of the differentially |abel ed
ol igomer and an ?é Nl abginedinl bﬁ@gﬁgomé?%ﬁ%e%nﬁQ%Mf@c@ﬁabt%llﬂ%f%%tﬁﬂer gy of
the mass defect [abeling noiety, Wwherein said oligoner is selected fromthe
group covainslyiatiechghe alapﬁr@fe:t labehrggmylserde laderirdaus of goil eligoraeriagd femuka | i pi d. 85
18 Apr i , ere id

- qomiefed Seder AR SR8 iy ORI RNAE i e R M e il o
sa| d rras\englmiaomdxamdidrlﬁgm reagant corrprl ses at |east one el ement of atomic
nunber 35 to 63. 26. A nethod . in a ce with c m, 26, wherein said
mass defect | abef®ng ScPRafsmmd Ivsd“&f@ﬁ?lﬁ‘g eg%ynéa@alp%q%qhgogleém&ngpe' n.

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

dligomer; 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 accordance with claim 14, wherein said element has an

~ atomic number of from 39 to 58.
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27. A nethod in accordance with claim 23, wherein said rrass@gé@p}o%abel i ng
reagent conprises at |east one elenent of atom c nunber 39 to . . A
-method in accordance with claim23, wherein said differentially |abel ed
oligoner is fragnented by enzymatic or chenolytic nmethods prior to step

(b). 29. A nethogd,in gaccordance with [ e ' [ is a
protein, said rrg’/s's f‘%eglioqﬁg ELf)c’ro\({)ﬁnz“l11 ﬁee&lggC@%?ﬁ’e@%%gggﬂgégggﬁéE%Qér%{si dues
conpri $em the gevubicofisifing o Broniilye, sfinee curepiudiemd yriament in said protein.. 30.
A nmethod in accordance with claim 23, wherein said nmass spectronetric

met hod uses ESI - . 31...A nethod in, accor ce with.claim?29.. erein
sai d mass spect rlgg ?ﬁéne?ﬁi‘@tlﬁé‘ﬁco g&e E‘g}"c I@ﬂggcogp}}g{l%gatep Spom -
'Seq_uen%tepga)fofir%ola%glargedupn%ng&ﬂer@hoﬁqm&blogiwp@rampmnprl sing: (a) contacting
a first sanple of said oligoner with a |labeling noiety to covalently attach

a label to the termnus of the oligoner apd forma | abeled aoligoner, said

| abel i ng noi ety havi nf meteddn @psoRdangs Wﬁhgﬁﬂgﬂgwﬂ?&ﬂﬁ&ﬁﬂgﬂ’lg‘?%‘iﬁl gafnnfEElBlS??; (b)
cont actg o, sseePhdusapmiie of said oligoner with a labeling noiety to
covalently attach a |abel to a term nus of the oligonmer and form a | abel ed

ol igoner, said labeling noiety having two el enents with an atom c nunber

from17 to 77; (89 optiresthed ip aceosdrage Wit clurad 8 wherein said bindogicnl s9PRIE 1% i nes

with agditi . wherein the | abeling noieties have three, four or
five e%g#e%?%?thygg%ggﬁ@&y, with an atom c nunber from17 to 77; (d)

m xi ng the | abeled oligonmers fromsteps (a) through (c); 86 18 April 2005
(e) fragmenting 2hi d Aabshatinekiogdamee withsiag 14nwherepsaidiseparadgndl yti c or

mass spectronmetric fragnmentati.on.meth r I |
' agmoRp ey e Eanahe Sredian ot P PO nyhoRs RS R JuARE fRqRel ARAEE.
corresponding to said | abel ed oligoner (g) determ ning the sequence of at
| east two term nak. r eAimkiksl nfaceadahct afithlctaim 1d] whomprsaflmegsrspecgomeliier ei n

sai d seguence I ion step conprises discrimnating between the nass
of the™ Lﬁasdgéﬁggh%'fragnent ‘and an unl abel ed ol i goner fragnment based

on the nuclear binding energy of the mass defect |abeling noiety, wherein
sai d ol i gorer is23el eatféthéd PIsiReurg alfincinsinalysis@f ai okigatohaving a
pol ysaccharide, nucleic acid, and lipid. 33. The nethod of claim 32,
wher ei PlEalEy obresidipsy saifl BRI SORRESAE at oni ¢ |
(a) contacting said oligomer with a mass defect labeling reagent to
differentially label exposed residues and unexposed residues and produce 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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nunber of from 35 to 63. 34. The nethod of claim32, whereig ﬁgﬁ'r%d% said
el enents has an atom c nunber of from39 to 58. 35. The rret?]o of claim
32, wherein each of said elenments is selected from the group consisting of
brom ne, iodine, europiumand yttriumand said oligomer is a protein. 36.
The net hod of cl giy,m 32, erein each of.sai.d gl epents is.selected fr.om the
group consi sti ngagf b%o%%n%,lniaSC he.© &d‘#’&% Hl?nzl% a‘ﬁgg}ﬁlpts?]idtﬂlﬁgglﬁlar 18 3PP goner
is a nucleic acid. 37. The method of claim 32, wherein each of said

el ements is sel e@bed #Armethod hercgirdanpe eothsilan 23gwhdreinrsaidimess defoctilaeling
europium and yttriumand sajd o]igoner is.a .polysaccharide. 38. A nethod
for secfﬁae%%ﬁcf?é"pgsf}so ﬁiaﬁtr?HSFiegﬁn{ﬁﬁg%%ﬂ’ﬁP}lm@Bﬁ??ﬁogng: (a) fragnenting

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

chenol ytic fragnest at ihaneth&d iedsortifncp atutAm@6l Fherein shidagae defect MEiRLi N a
di fferent fr.agrrent ation nmethod js applied to each aliquot; (b) contacting a
first AF3EGBE ORmips pylidholiepaghis 3PSOt h a first labeling moiety to

covalently attach sard first |abeling noiety to a term nus of the oligoner

fragments and 872%8 Apréthal@acénaamct 3@l RAmabi GREBL shidasB atRet 1Rl f i 1 st
| abel i ng noi ety having one element with an atom c nunber from17 to 77,

(c) optiFagsal qoyiEses 3 daaptpge elsment ofatorpic ngmbes3%P 581 i gomer fragnents with
other distinct |abeling noieties to covalently attach said distinct

| abel i ng noi etieggto WhGethd iWaE%or@z{ncEkWthcﬁiﬁ%%ﬁergih%gim iy T eI -

| abel ed ol i goner fragnents, said distinct |abeling nolety having two or
nor e elodgemersis Wagmented bt orymanueddembhtinniethads pids toEap (Bt i onal Iy mi xi ng
the aliquots of |abeled oligoner fragnents; (e) identifying a nmass spectrum

dat a correspondi to ' - ' I . . ning .
t he sequence of gg I eéé%@nﬁ%lﬁ?géoﬁ%gé h’g@%&;&;ﬂfl& 3?‘3@%%@“&%@3@%&? g%\%ﬁéelg?ei n

sai d segdemsedefettas biominegprsodipe aulnsid expssed irssbduiesitomyirisega pettiveefithche nass of

the |abel.ed ol.igonmer fra r&ent s. and an unl abel ed ol i gonmer fragnent based on

the nudTSFe ity es&ﬂtelpgf% &°%®He nass defect |abeling noiety, wherein said

oligoner is selected fromthe group consisting of a protein, '

pol ysaccharide, 80icl eAen@akidin adtdddnicpinath cBim 24 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
labeling moiety having one element with an atomic number from 17 to 77;

| (b)  contacting a second sample of said oligomer with a labeling moiety to

covalently attach a label to a terminus of the oiigomer 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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41. acid. 42. polysaccharide. A nethod in accordance with cllg g}?z%os\/\herel n
said oligoner is a lipid. A nethod in accordance with clai mé wher ei n
said oligoner is a protein. A method in accordance with claim 38, wherein
said oligoner is a nucleic A nethod in accordance with claim 38, wherein

sai d oligoner 43 A et hod rdance.wth claim3 erein said
el enents have an(eﬁlatom A dg)afbeﬁggﬁgc%erf Hsifgan spgymali g%%%o

accordamusespmﬂrdnnﬁhaﬁaglﬂauatmﬁﬁahm Hgirctives RbEBE shgtan{@ fiapmeb0M ¢ nunber of
from39 to 58. 4 hfod for conparing the re tive abundances of

anal ytes fromt a FRHTEI0E 3rpase gpec 'ia§P‘ﬁEfP° ng tp saisf labelespigomgy

cont actgy eﬁtaeananal yt es of the first sanple with a IabeI i ng noi ety to
coval ently attach a label to the analytes and form | abel ed anal ytes, said
| abel i ng i ety fBlvi ndpteravieing herseqiened aftat least avo tarminaliresidnestof said labeled 77

(b) co bel i n etlesto
Coval ot P afesmiafs SRRt 5iaR RHRA R 37 BB ey ol Bt B IR G

| abel i ml@pmms@f thedabebddlipomer famiens alaseudibtles alipdmerdoiptr@hibasal @dié t i onal

el enent at om c nunber f 17 to 77, mixing the aliquots of |abeled
anal yt &8¢ e?ﬁ’éﬁ’i‘%%@@q{g}%“s‘nﬁgﬁ eF@H‘?%‘Qﬁ&““’cﬁ}”r esponding to said | abeled
anal ytes; and ap8b¥#i Al ciRbsheBSSleSRERbH KB %@ﬁﬁc&n@xs S dp:ORint e rel ative
abundances of one or nore of the anal yt es between the sanpl es, wherein said
anal ysiPelysiceperidgrpicieicacid, @pd bpidni nat i ng bet ween the mass of the | abel ed
anal ytes and an unl abel ed anal yte based on the nuclear bi ndi ng energy of
the mass defect ynbel tGmdMbEbYolailf e HhBrefa efl@mérﬁsﬁﬁ Gl fromthe
group consisting of a protein, po ysacchar| e, nucleic acid,

46. A mewhediifenaiTortdance with claim 45, wherein said el enents have an
atomc nunber of from35 to 63. 47. A method in accordance with claim 45,

ethod of ol Sk vHIERAr B UIRSLRLLIEIAR Bt 11

met hod of claimi4 erern Ion el ng noi ety
number of from 39 10 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 ﬁagmentation 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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of step (a) is a stable isotope of said | abeling noiety of %%@ﬁ( 49.
The nmet hod of claim48, wherein said stable isotope is 81Br. . e net hod
of claim45, further conprising separating at |east a portion of said

m xture of | abel ed anal ytes prior to said analysis step (d). 51. The nethod

of claim 50, wher.ein said separali tep conpri.ses separating at .least a
por 1 orfoBR sl Slie e ene Akt g Pl R e SRl Bichal afdhnic

chr omatmgibephymadr tef7fji nity separation. 89 18 April 2005 52. A nethod of
‘identifying a Ia?§l ed nplecule in a mass spectru the method conprising

the steps of (a) @ccuftfiapinerriachag heomee aliquersort olizpmerdfagmentsivatatectusing a
mass  ShAmks 196@%%{113018&&@ E@éd%'?feﬂlf% 11BeeLad dﬁg{l&?weﬁné RoleBREh ek Wbl G habel 1 ng

nmoi ety, said |abeling noiety npri si ng east” one nmass defect el enment
havi ng digomenimgmantsrand forr bheladoligoniz? fragihyntslissid distinetdtieligg beispekavitghe nass

of the Ml&ghﬁgﬁ %%&?ﬁé‘{vﬁhangto%he $s frco)}‘n £ ﬁ,nl abel ed nol ecul e in said mass

spect rum base e nuc ear‘l%rlin ing energy of the labeling noiety. 53.
The nethod of cl &)m 53ptionaky miixing thic dlid e 1ag1inilgbMeCRiPidn&es at | east
one mass def ect ?I emeny Of.atom c nunber 35 to 63. 54. The nethod of claim
53, wherein sai d PabeldcRELVgidn3ps ssppmata coresnondipg i,vpud leheled

el ementiQineafsOfidc nunber 39 to 58. 55. The nethod of claim 53, wherein said
-l abeling noiety conprises at | east one mass defect elenent selected from
the group consi s{fng 6¢teisrning the sequstpef, at Eaastapp uesidnes of spid labaled oligomyoner
56. Th . [ " ej 1.0;: f I nt _1Ls,europi um
57 Tha"neyipagd SauEd dllenini 1Tl Bl iR ARG Eh 8ol BERDs pE0ET TP
58. Thdabekidvdigombr fhgmansSnd anhelkbiled didotherfiagmerebeedd oalteemurleat Binbihgn ne.

59. The_ net hg&l of cI%j m@%l. wherein said mass defect elenent is iodine. -
60. The™HsY Rbtestast iefeehlabslingmalelin sai d | abel ed molecule is a | abel ed 61.

The nethod of cl dinBrefDsaidh1BbRIcNisSabded BBR! BBl OQIWRNink Sf SHbRE, €d from the
group con3|5t%£9 of a | abeled protein, |abeléd oligonucleotide, |abeled
e:l

ol i gos&ebkagch nycktiepad anil fipd, -and | abel ed pol ymer of synthetic origin.
90 18 April 2005 62. The nethod of claim 61, wherein said | abel ed pol yner

of synthetic origgn A method in accordance with claim 38, wherein said oligomer is a lipid. .
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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i's a menber selected fromthe group consisting of a |abel ed{gagw RS
| abel ed nethacryl ate, |abeled nylon, |abeled polyester, |abeled polyimde,
| abel ed nitrile rubber, and | abel ed pol yolefin. 63. The method of claim®60,
wherein said | abel ed oligoner is-a | abel ed oligonucl eotide. 64. The net hod

of claim52, wherein sever.al .| abel ed I | es,. each |abeled. with a

i fferent number @ niQUgas SeararEnahie i el Sa bR g e |
accumulcatiletyodiat g labsBs &e&aﬂ@lgfeﬁ e fo2. 1abdi detyfa tkatf 1abd iRl T bty hMigg ei n
said | abel ed oligomer is a | abel ed oligoner fragnment produced using an

enzy matdig clegeahwityen slopic nrgber Bpadi/ieddiric  fragmentation nmethod. 66. The
met hod of claim @5, Wagh&kile Bal - falpe=im d Kalok thod is
sel ected fron1thgggroup %%n%?%ﬁﬂﬁgﬁﬁéfgﬁsg%%rce g%ﬁ&@%?%%@%%gﬁkegsap

di ssocicavilently atiach labels 1o ibé amlyted ih ead dainpiley mhiereituthe thbdiingsmoietits wad for 67. The

. met hod im erein sever.al | abel ed. ol ecul.es, each with.a

a1 £ or i SR SRR SR8 BREE SR BERS R R LB Bt i on
of the mass spec{d)um mikify thtBquirs bfiebaddd 4hBidy) 67, wherein the stable
i sotope is indepenpdent]y.selected fromthe group consistjing of isotopes of
H C N 0 d, @9, alfgnidyinggnasyppeciienylgts cofregnoading @7%%%@%@@ nalyies; gpdibl e

i sotope is indepgnden : 7 : 18
April 2005 SEQUEN L%ﬁﬁyﬁZ v éidlﬂ%isg %Eé%ﬁﬁnd(g‘?w?g%gﬁ %’gﬁeﬁ@ﬁgg%ﬁ@ﬁ@e‘: f’%Pf.

Pet esclone Ropere of theangbtesbetiesny $reysamples, whergio saiflasalyibefterceonpises i ng for the

Det er m pat:i 4 j .. .Seque <130> 020444 10PC <140>
per uedi gy Rk b PR e SE NG SR ilifé’g‘%?)?@%é‘,“f?g’g@%%’i@%ﬁ%ﬁe%ﬁf@ <150>US
60/ 242 neiBardiading Q@O 1dFtHOmass defect labeling moiety,

wherein said analyte is se;lected from the group consisting of a protein,

polysaccharide, nucleic acid, and lipid.

46. A method in accordance with claim 45, wherein said elements have an -

atomic number of from 35 to 63.

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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<160>13 <170> Patentln Ver. 2.1 <210> 1 <211> 6 <212> PRT él?ﬂ>2005
Artificial Sequence <220> <223> Description of Artificial ence:true
N-term nal horse aponyogl obin (Myo) sequence <220> .y <221> MOD _R13S ~~
<222> (1) <223> Xaa = Gy |abeled with 5-brono-3-pyridylacetic. acid

(5-Br-3-PAA) <40Qy 1 Xaa. LA@R 1> 5
<212> PRT <213> Ar t ificia {h @equen £ ng%dljrﬂ(i%cu§?)ies%IP%%%Pon S’F rtificial
Sequencmatbaﬂmmﬁmgg&er@msdﬂe fal se sequence, top ranked sequence at five
resi dues <220> a§21> <222> (1) < %f,[?éf Xag =, Ay |labeled with
bt oo 3 pyr 1 dy O G TRE anass STk A aeq B el USRI aso0> 2 Xaa Leu
Ser  AsRpddimefer,Swherein the labeled molecule is labeled with a labeling moiety, said labeling

moiety comprising at least one mass defect element having an atomic number from 17 to 77;

(b) discriminating between the mass of the labeled molecule and the mass of an
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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<210> 3 <211> 30 <212> DNA <213> Artificial Sequence <220 %ibs
Description of Artificial Sequence: sequence carrying cIoned un nown DNA
sequence <400> 3 tcagtgctgc tgcaacatgt tacaggaaat <210>4 <211>18 <212>DNA
<213>AwtificiaISequence <220> <221>nodi fi ed- base <222>(1) <223>n = ri bosyl

o Tonl Featton pfEnes ThEBemeBhHa gl gv%%ﬁhﬁﬂfﬁ]%%0@?&5%8%%%1132'28'3
<223> E}emremroeli serecmﬁﬂ@iﬂthte lgﬁdx@lcoﬁﬁﬂmgmeld‘&&dabﬂywt@ Idbfeleﬂelﬁflﬂha@ﬁ}ﬂdt@n primer
' adenosi ne P6Q 115 30 <400> 4

| abel e end wi rib

o1 t g Lie el Siod Bolsefesiabeled g iidep 9haipd prioarbRepd ekl PP igFn.
Sequence <220> <223> Description of Artificial Sequence:DNA fragnent from
nmass | adder prodgged Pye HBRLA of LM OBREWHRRIN 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.

60297290 v1
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~<400> 5 caatgtcctt to 12 i <210> 6 <211> 11 <212> DNA <213§@Fiiiﬁgb‘d al

Sequence: DNA fragnment from nass | adder produced by chain term nati on <400>
‘6 .caatgtcctt t <210> 7 <211> 10 <212> DNA <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: DNA fragnment from nass

| adder produced by chain term nation.<400> 7 caatgtcctt 210> 8. <211> 5
<212> PRT <213> Artificial Sequence <220> . <223> EEscrlpt|on oFArtificia
Sequence: conpeting 5 residue fshumicsequemce, fop ra@k ’)s)e)qyence at five
residues <400> 8 Gy Leu Ser Asp Trp 1 5 <210> 9

<110> Schneider, Tuke V.
Hall, Michael P.
Petesch, Robert
Target Discovery, Inc.
N
<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

3 five residues
<220>

J - <221> MOD_RES
<222> {1)

<223> Xaa = Gly labeled with 5-bromo-3-pyridylacetic
acid (5-Br-3-PAA)
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<2i11> 6 <212> PRT <213> Artificial Sequence <220> .<223> FdsOn of
Artificial Sequence:true N-term nal horse aponyogl ob| n (M/o) s uence <400>
.9 Ay Leu Ser Asp Ay Qu 1 5 <210> 10 <211> 12 <212> DNA <213>
Artificial Sequence <220> .<223> Description of Artificial Sequence:cloned
unknown DNA sequence 11 10 <400> 10 gttacaggaa at 12 3 18 April 2005 <210>
11 <211> 12 <212> DNA <213> Artificial’ Seqtishce: <220>.7 i<323» Descr i ption
of Artiflg.al Sequence; sequence deternined from nass tﬁﬂl,data anal ysi s
<400> 1;;aa %;tsggtﬁgﬁarrgc <210> 12 .<211> 6 <212> PRT 2 t3ficial
Sequence 220>

<210> 3

<211> 30

«212> DNA

<213»> Artificial Sequence

¥

<220
<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)

- <223> Description of Artificial Sequence:true ubiquitin N—qggghnﬁ¥?12> or

sequence <400> 12 Met G@n Ile Phe Val Lys 1 5 <210> 13 <21

<213> Artificial Sequence <220> <223> Description of Artificial

Sequence: first ranked conpeting possibility at fifth residue <400> 13 Met
Gnlle The Arg 1 5 12 4

e e e
PR I S Iy )
St e e et e ke

<220> o o JLﬁ%gq)g{S
<223> Description of Artificial 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 <200> 7
* caatgtectt 7 ©10
<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




£

18 April 2005

<210> 11 ’ : "T‘ %?fég:
<211> 12 . . : ._~f¥5ﬂ/{ﬁh)

<212> DNA
<213> Artificial Sequence

<220
<223> Description of Artificial Sequence:sequence
determined from mass spectral data analysis

<400> 11 .
atttcectgta ac 12

<210> 12

<211 6

<212> PRT
<213> Artificial Sequence

<220>
<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





