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nasgehla%g%l an |omzz|1tlon ang %ransmlssn%ll% c?cnclc%bingthu l(l)rmtgtllonaofe lleSG methods
- isthe ablllty to dlStlanIS‘h the.mass- labclcd moleculcs or: cleaved labels from unlabeled
- biomolecules and matrix. contammants that may-also be. presént m the sample mtroduccd mto
25~ themass spcctrometer This latter llmltatmn often means ‘that the: labeled: sample‘mﬂst be
extensively purified prior to mass spectral analysns and that: subfmgmentatlon of the. labeled
molecules in the mass spectrometcr must:be avoided. - s
' Schmndt et.al. WQ 99/32501 (July 1, 1999) describe the: wse ofﬂuonne in -
" place.of hydrqgcn.as 2 dlstu_lgulsha_ble mass_m‘lafect element in.cleavable 1 mass labels-.--_'l‘.he; o |
30 " basis for this work is the 0.009422 amu:monoisotopic mass diﬂ’crcnce-ﬁetwéq'n.:ﬂiese'.t_lv'(i;'- =
~ elements. -waeven thisis a very: small inass difference, which. can only be res‘b‘l-wél 'wlt-h' :
very high mass resolution. mass spcctrometers -and at the-lowest mass rangesin thcsc iass -
spectromcters ‘The resolutmn of' mass. spectromefers: depends on the:mass: range aml ise,

.normally quoted in parts per mllhon For cxamplc typxcal tlmc-of-ﬂlght detectors common '



bi onol ecul es and nmatrix contam nants that may al so be premeagrili2ooshe sanpl e
I ntroduced into.. 25 the mass spectroneter. This latter limtation often
mean e | abel ed sanpl e must be ' extensively JukhBRepr i or tounass
spec?‘f‘gpﬂe{r?aqyy s and that subfragnmentation of the Iaﬁ 5 ?ecul es in the
mass spectroneter nust, be avoided. Schmdt et.al.W 9.9/32501 (July 1,
199R)hekadastiyltave henass esolistibh upatione 10 amu apd mess-@fl hijtlowgam (48 ppm).

dlstln ui shabl e mass- defet el nt-in:. cleava mass_lL.abel s: The- 30
» thgicempggstiely small ﬁ‘éasﬁg'g%g’ Qetwr?u" ﬁﬁ‘ﬂg E&"BB?%S tﬂﬁg%ma?lf'?er ence
ta %‘a hASSEF WokhgaRAnfITBRY FronHOpRYRSl pérbp@uv@atam\e%y lowétahlz. MASS
di fference; .which can onl y be resolved with very mass' resol ution.

mass spect r orfisheridt etpl. further nofe: th%mgﬁa%&c{%meg@soqm?qq hydsecarhons
a1 F%ﬁa&ah{d"ﬁom%ﬁ,gﬁlylﬁg@pca%or[ga%gr oRGAL rt%hﬁééotoﬁl%ﬂﬁ&@%fgn tite

ar'ts per m-I'iion. For exanple,.
t y iotyfludrinaid afylfidg @hh a dedantosoidormery qlE’CdEg n§ bxazt]% 6020V B8 52
/ US01/ 49951 in the industry have a mass_resol ution of about 10 ant at a

rras‘ﬂmhoaonmwmc orasafthe g'@s%hydrocmléﬂé? A79YRewbishsargsnonds i Fmal | mass
di L SLERRRDS SR, Fond Ml ehlily el BRI i eh T SuiBROY G TRES Of about

practi cal perspective at an even n z Schm dt

et fhss Jflﬂl’iélhﬁﬁmﬂﬁlt;ﬁ) fidkinktee aliptatic dgyfie 68. 9952(19&ﬁfid Uﬂﬁd:lﬂﬁirﬁiph)dirt@aar bons 5
can be di stinquish from si npl e, hydr ocar bons. gggﬁ the

10noroF setpishiometrars érhefcloacst Blﬂ“?fSPlS?Blﬁ ha/amsarbamasi ﬁ’g‘

st.oi chi onetry of F5 .58 9920 The m)n0| sot op| € nmass of
t hePoETesRA NG Lo gt %?lﬁh'f’gw ‘X%é@@ "% ﬁ?’l &M esponds to a
stoi chiometry glvg%gﬁgﬁ gtaﬁa@ mg&ﬁésta{atmme%@r@at&%%uéﬁa;ﬁrﬁa@ of about

1.125. ppm mnlrrumpolyfluorlnatedalphatlctag|s
68. YRcRQ: ﬁypiaal Wm@lhgnca:lrmcdsWsdEhcmsadqf@ct@f:ﬂugnm tsmobnmasyy The cl osest

m)n i SOt Q dr b t hi 6 704 t
T L RO R RER A e
'rml 1AL TE ent SR t | i
1557 of BB EptopR| mis hdd Wb PR AT Y “?‘Fﬁ%ﬁ?“ﬁ%’?"ﬁ? cnsiry P e In
_ ((j:l?) Sffnllllﬁllgﬁﬁl%le &Rh aE8FkL: eslxﬁwlynmlyeﬁulleaﬂé Hat cagiihas monaisstopichi onetry of

w11, have 15 a nongi:sotop s t S onI - 35 ppm dlfferent from
tha%tO'Ghlm)' %fh@sﬂ%m}llééﬂ’?m HFgﬁ?%d;Eﬁétb‘I‘sg n at 69' amu: .

Slmlarly s SERt rretry of
C/H3®b i s onI nqibepﬁl’%d? l‘sf’ R?rl\g’ aﬂégaa]rg qgwdfgsﬁ &lﬁét%hg nhg stabl e. .
" i sofuapagefedt oEfC rediiges@o af ihdnsnmgudmw h4 ppheyheua:lomplasetdl to rasnoled;ttle :
mass. defect of “C6F5 reduces-to an i ndistingui shabl'e 1.4 ppm when: conpar ed
20 0- chalEd Mkt £ shidnadtiryad] Iﬁlzﬁ]s[@@h@tsﬁ];;{:ﬁ[k}ﬂe‘ﬁmladw the miass defect for. :
[ 12C] 4[ 13C}.'2[ 15N] 3[.160] 2. Simlarly, the mass defect for CF3 reduces to a
mer €F3%edupes toanpered ppo @mnar@dg lagnalecuie thatneatains [ 2B L1399 160. 12 -

stoichionetry. "As -the over{a mgss-of the 3%8 |ncr ases fy nd 200 afrlj,,
thes@ﬁl@:@@weoﬁs the ovcrall tnass of the tag mcrcascs bcydn 0 amu, the mass defect.

mtroduced even: wnth multqﬂe ﬂuormm rapldly becdmies. mdlstmgmshablf: among the: defccts

of the other Aheteroatoms and. stablc lsotopes; Addmg even more. ﬂuormcs to. the molcculc 1S
25 oﬁen fot practical due to solubility canstraints.- ' '
o The general problem of deconvolvmg individual peaks of interest from
-lcomplex mass spectral data has been previously described for complex mixtures of small _
molecples,.(sce.S;tem,;Sg E., “An integrated- method for spectrum: extractmn and compound
identification from GC/MS Data,”J Am Soc-Mass Spect;. 10: 770-781 (1999) and: Mallard i
: 30 - G.W.and J. Reed; “Automated Mass Spectral Deconvolution & Idcntlﬁcatlon System, - -
| __AI»DIS~Uscr Gulde” (US Dcpartment of Cemmorce Galthcrsburg, MD;: 1997)) partlcularly _
- when couplec;_l..to.tlme.‘rcsolved.. se_paratwmmetheds (e-g:, GC[MS.and_LC/MS_). H@cher,. |



i ntroduced-even with multiple fluorines rapidly becones. tignpriR005ui shabl e
:anoi ng; the defects: of the' other heteroatons and-stable. isotopes,:

Addi ng even nore.fluorines-to the:no.lecule is 25 o-ftn clot tical:due to
sol ubiWOe8Hst rai nts. ... The general probl em of decoP@W/bsMmiagsE i ndi vi dual
'peaks of interest: &m. '. corrpl ete mass speet ral . data. has-been

prev descri bed for-c tur nol e s, (see. S;tein
& ioohnElv R RELP b PERIRLS bidBp I ey BTl ATt Compound

i derﬁdl sabMati@¥) fFap@eh @bl EpectrDRirahe pulpdBe S0ScqUaice dotitafihiatioh0 1l £21,781 119991)

and Mallard,' 30 GW' and_ J. Reed; "Automated: Mass Spectral Decor

vol uhessinethadssypically altempitoddentidyhe intagh chemisabspeciss @ad gererally spek to
F Comgyofd fedpmd Oﬂg Edrditidnls lmh@'m@emh Ya e MEy bé@lgtﬁ)lhledrtgmé idsleftich¥on of

whencouo | mm esol vedr " separ’- ati onl net
: @Clmdqﬂblomn@lﬂt&nscmnmgeﬂ]lqucm&tamrlI 2005 V\D 02/ 066952 PCT/ US01119951

these techn q‘l&?gh.n&o Q(%nc ar| gﬁ? f*! tllectlltﬂa?[peclrx pegg? rotein,

nucleic acid ysac 1 'oh do‘? t he purpose. of

sequiaciagding aichirge aticettratinig rnncfuagvton elthlsretsmﬁw dtatis péptmepahb:x haté enpt to
identify the intact .chem cal specjes an ener al | y seek to ,Lavoid
fra “Fﬁﬁ‘tje‘l:'é‘ﬁ‘cﬁ"f’?'llﬁ&al“ﬁ‘dtﬂ‘?é"‘n’/sc“%‘? to the Dterrpioys Bireds Mswsrdustionof he

i de I | DN mass tags.
b e e S S e

l|0nc|roaardlgssepfdhmmrg@neom&amcapf agasioresidye avthe N-teeminus; Seadshsbnt he pepti de,
OUNGE 8 NRAC e SRR LRI e DA SR AERI 0 BaBP AR IR [ LUS EhALAg Lo the

N-term’nus’dire ion o ‘et'e-'Séeri-és b :
fr ag»mmCha»n,sBﬂ Qomzézpw&smsmmoﬂ iTdet aln @bDC%epe,rémmslTD@ (raaga,r dl ess of the

re 6 or absenc sic .resjdu tern Johnson,
R a'%t &l 9@@9‘6%p&@f5r§% “?‘Bn%ﬁlzg @ézL%‘}”e agney D) 4‘“@&9‘%’8 Vath, J.E.,

et aA/[ass ]Jf)é@ﬁ(ﬂh uzo: 119 42 @bl SREHban §1H2%83125&a(1 jlﬂgcgi)em S.’.t6'813t0§+315 T., et
., Anal. Chem, 3- 1708 (1993):."Zaia, J., et Am Soc. Mass

lgpec,o P9 Theniaily i FADe) iomaspdicp] by chigse Hiriote ragmontaiibs thaisect r om ,
20: 4 ecé%%mé%e?@%&h’ch d'é‘l‘ﬁqlpgﬁeg'rohller I@B %} ak ./\pl%l (fh%lnog' cer? 5%§§ 305-317 i 5

(199 rdgnment’ 1 ofis af’e produ y'c arge renot e
f r agSBu(#983pn t hat |s directed by the fixed-charged group. See, Toner,

K B et al, Jf’eptpggs have lr)gen ?cbeled w18155e\5/é1r§1l701§s4s§§ ot( tl xed—gharge groups,
' .mcludmg dxmethylalkylammomum substltuted pyndlmum quatemary phosphomum, and
20 sulfonium'derivatives. Charactenstlcs of useful labels mclude case of synthesns mcrease ln
- 1omzatlon efﬁcnency of labeled peptides; and’ formatlon from a Tlabeled peptide of a spec:ﬁc N
: ':fragment ion senes wnth mlmmal unfavorable label ﬁ'agmentatlon Zala (m Proteir and’
Pepude Analyszs by Mass Spectrometry, LR Chapman ed; pp 29-41 Humana Press
_ : .Totowa, NJ s 1996) reportcd that the labels satlsfymg these cntena mclude those of the -
25 . dlmethylalkylammomum class and quaxtemary phosphomum derIVaths Moreover, it has
. been reported ‘thit substltuted pyndlmum derivatives aré useful in hlgh-energy CID Sec '
_Bures EJ, .etal. , Anal. Bzochem 224 364-372 (1995) and Aebersold R. et al in: Protem
._Sczence pp 494—50} (Cambndge Un1vers1ty Press; 1992) ' S
- Desplte somc progress m analytxcal methodology, protem 1dent|ﬁcatlon _ | _
30  remains a major bottleneck in field'of proteomlcs For example, it can requlre up (518 hours | . | -;. :
gcnerate a protem sequetlce tag of’ sufﬁcnent length t alloW the 1dent| ﬁcatlon ofasingle -
' punﬁed ptotem frotit its predtcted genomic sedluence (see Shevohenko A, eral, Proc Natl.
_ Acad. Scz (USA) 93:14440-14445 ( 1996)). Moreover, al(hough utrambtguous protem '
'_ldentlﬂcatlon canbe attained by generatmg a protein sequence tag (PST see Clauser, K.R et



Pepti des have been | abeled with.several cl asses of fixed46#pripg20@s oups,

I ncl udi ng di net hyl al kyl anmoni um  substituted pyridinium qua

er ha%(fmg Spppi fturn, And,." 20 sul fonium derivativespcfi@iasdsgri sticss of
usef ul er's |nclude ease of - synthesis, increase in ionization
efficiency of |abeled peptides; And. formation froma | abel ed . peptide of a
SPQE] Proe. Ndd. a@m nsra |(USA,am SOT2vH Q76 (1985) iand ILi.u B Mot ab) Bedredpdioresis,

fragmant ation. (in: Protei.n andf Pe t‘i&ﬂe A%na Sam@g OIYa

Spd t3PéTﬂ9?K5P97» t@mteﬁ'fmﬂh‘he ignjzatiog effigie Fpheptiles and brolgy owa, NJ,

19?@%6 gpegtﬁﬁﬁgnctddﬁztcnorhgedsﬁpﬁty%fﬁg (thiigues ifdambltid @eicdMIr e (1 ose of
5 I met hyl al kyl anmoui um cl ass "and guarternary phosphottii dud .

I audotmﬁcatmn@rﬁm aburtdaneesprotries Fr%'@ﬂt“éfés limgationgne the Pesdcppea®hi um

d ful *i I
Shdine o HER D 4355 c3b sRo rh B IRIMILL o fren PHliRa riealoas 28
ScigEMIMPRquetding, Eﬂairﬁ@rthau ;ﬂgelﬂxbme\mgestetd)byﬁnetsslym@@zq/or OIbempI}tte: sone

progress in analytical' ne ol 0 n fl atign 30 remains an
aJ d?eaﬁét"c“l’ BREdRpageakle peRfids: dot‘g%lﬁtpdgtpepor er a‘tr!‘r‘p' e, "ZYm‘?O‘%)'an reguire up

1@3“3!4«?9725 An@ERRE AL © e Peffiofls I BRGiof:] umst 265 (096‘B)Lphfor oiertt |
Iengt ta allo~kr the iitentificatiou of s. e‘%[‘a dprotelnfrollc
alg tﬂmélfal

i t ssequendingt km@@mp@qu bredrserilpeddds lagd eéw‘ﬁﬂ‘l'é?ﬂ{ .Proc. Natl.
A d.. & er bi gt
1 tc?ﬁrgtle}#s be(ga,(:se?ﬁ‘): ?bl? idagt glﬁ)eé) ?r gﬂlat : A8 btnerMid H@t@dé CHS of Akh %ge m bl guou

lned by generating a protein
sequoleclﬂestaag 1fdBHitY to ﬁie&h@l amropdm:a,rcmuorle) infsiatd thoe@Bent® 02/ 066952 :
PCT/'USQ1/-19951 al ., @&_fr Natl. Acad. Sci: (USA), 92:5072-5076 (1995) and
0

Li ,eftsctivaly obsgyrehe mags 3 phoresis, 18:391-402 (1997)), limitations on

the ionizati qRyg Bfsld Elafipees Hilve béérgﬁbp(wéﬂtfbﬂﬁe M ideqt fidadiomsf pro@ddsr i ct t he
intrinsic detection sensitivity of M technlé]ues and inhibit the use of M

f oraften theirj seanatini feem A prots Mikirgb ) BRFROS OtRgeRONtRg (MY ore, 1imitati ons

f BioOhts. t
0 RIGTIRL ME 0, 2 4 B boil KO g o constra

: reqandrYzﬂgs,I Ra,tet plr otrel. iBiodtend) W%&W@?Hﬁwﬂ@ peauaRrinnt ol ytic means
into nore, se n
EnzRt R‘}QS} 2@'&% 1(|9]g§?M§ 58?? %c Mmﬁ Nﬁ\fed}ﬁeljﬁ ) négr?gyrml
11 &S%éﬁoté&ﬁﬁﬂoﬁéﬂeﬁée Bbst@?pmemmngo-lllm%dyilwmnM pitejiNustey descri bed
M5 | adder sequenci ng al gorlthms fail on_10 igjggbnsy{% ause. t he .abundance
of %’@pﬁéd‘éﬁﬁ’f(i%%ﬁ)%%@r'ﬁ't@él REE5E 7ézE§90$ ) NECRRITNSIRs and

o6 Mabigh 'vtcé Pi%ck;f’a‘w %sﬂﬁnﬁmr §esa;fsemleﬁagnw.rgea&aw b b pictedifiee sequence

effe scu ‘adder asi c strategies have
beedtgpst(opd&mtadtqarotenhemwsemdhm'glafdam$ﬂhf aknpye peitein withtha peptle v separation

froma.protein 1). mass

1 et Rrarng PSR Obolelef o IRARE RS holPdiior o
195&5%1&%(@ %S&Luomezfaé@a,spemﬁc fragxfneﬂhtlon inain tthma:dnamie om4 397- 408 } ;_
(199 g&s zg?tr(illni)msequenm ng ‘of one or - _ S -
l L . .

25 . Clauseretal, Proc. NatI Acad Sa (USA), 92; 5072 5076 (1995) have ._
) suggested that protems can only | be unamblguously 1dent1ﬁed through the detcrmmatlon of
. PSTs that allow rcference to, the theoretlcal sequences determmed from genomlc databases
| Lietal,; EIectrophoreszs, 18: 391-402 (l997) appear to have proven this assemon by ﬁndmg .
_ that the rehable |dentlﬁcatlon of mdlwdual protems by MS ﬁngerprmtmg degenerated as the
- 30 - size of the comparatlve theoretlcal peptlde mass database. mcreased Liet al., lbld also R
| reponed that they were only’ able to obtam peptlde maps for the htghest abundance protems in
the gel because of sensntmty hmttatlons of the MS even though thelr matnx assnsted laser
| desoxptlon MALDI methodology was demonstrated to. 1mprove the dctectlon sensmwty over
_. prevnously reported methods Clearly, l‘apld and cost effectwe protein sequencmg techmques



nore peptide domai ns by M5/ M5 (° M5/ M5 sequenci ng' ) (see MasmprivRpopaper
presented at the 1B.C Proteom cs conference, Boston, MA (Nov 10-11, 1997);
WIim M, et al.,.Nature, 379 :466-469 (1996); and Chait, B . T, etal.

Sci ence, ' 262: 89-92 (1993)). Ms fingerprinting is 20 achieved by-accurately
nmeasuring the masses of several peptides generated by aproteolytic digest
 Bfu ffiftol i Shedd Rk HeP S EmIc LRLRRASHIA, & SloNg At el n Wi Lh

at ‘pepti mass fingerprint. S. sequenci ng |nvo ves actt ua
Kester, thermtpaaticf argimirdcanor ef RESTEc @élds ptlbueto peqleating byven bgmﬁ ation of

uence-specific fra nment at i i.n the qua ol.e an M5/ VS
SeeSiromiffGrs, Incases typ WA 0 <apt "C%"ISF% ’Ngf%”c‘}fé d‘"§P cpving 92 :5072-5076
dnl&%ihau&amluysdfgge&taedsﬁebﬁ@mw:otsetmmacmmlcmlﬂ prakden, lﬂ:mal@t?clagupUS' y identified

t hrou t he determ nation of @ PSTs that allow reference.to.
Mésaﬁﬁy&démf@éﬂm SERUARSATEAR RFACEST BReL N PRERNF LR 9B A e Hms spmbebetter i of al .

Ei'ﬂ%%h%ﬁ %oﬁ?h.ﬁaﬂéc&géga%%téé—a‘i%a)s QRRAELLI ARV S P EQE‘&?}; hBiga@ssertion by

finding that the reliable identification of, ’ndi vi d proteins by Ms f
ngerprntln@h@egeméF@#@UOQBﬂwvhé53@1UWﬂm§$ze of the conpar ati ve theoretical .

pepti de nmass dat abase. increased,. Li et al., i6.id., also. reported that.
they were only able...to obtain peptide.,.naps for the hi ghest abundance-
proteins in the gel because of sensitivity. limtations of the M5, even

though their matri tion MALDI net hodol ogy_was
detno strated. to ﬁﬂgﬁ@@eﬁbﬁgFﬁﬁﬁ@%vﬁ%ﬁﬁﬁiﬁ ivity over. previously
reported nethods. Clearly, rapid .and cost effective protein sequencing-

t echni quesTHS, ARt inv2RRsh obldek mw)\{;ﬁc&mo?%@dap&umm i@e cost of

proteonmics research. Simlarly, as aesc 'bed by Koster, e preparation
wisd vpuetyfof exal¢ayitesofBasaesedhematdiods o ptheanventos expuermpiphiod toedufmgby mass

?&%P‘.B%HE&%* 3e CAAHEIE;}?%%&J g'igsotcug%fl% (?%[0 Qf i MGl ragcf & Oneseq“enc' ng.

npr ovi ng I'sScrimnation fe" hes ter, such that
methdd pteferpatotl i alimiinates tiemeed fod the ptmnysﬂ(symaemﬂ@f olgonet hegmegguences can be

eterm ned in parallel. specific | QI§, can be better differentiated from
Gri-ahBnB g PE i g dipRlip o Sanb G i hd: HBh e FHE b St | ng
THis|\0E presediiBetRb @FRBLIde wg&h&mqpém‘ugi@rﬁ@m&wﬁ fatlySDARRY OF THE .

‘NVENTI ON The present invention %ﬁ ovi des the app i cation of mass. defect.
ofp & g ey %bm'aab'wua@g\%w stefhagis- Hhe srahaskcangispbaepliodeisaet hods of the

.h{w@&mﬂo@&mn&e cmdt.%ﬁlanto@ggx%tgw.uea&.rgegppfwn kﬂc‘fxeas s M ITision induced

di'ssoci ati on of the oligoner: a quadrapol e, preferentially

_ @ﬁ@wm@mepmsn@mef end PGR semmpmlbysym hwtrgmoﬁy@su@wrwdbm agrent's
Vi n ion nger.. or equenci rig-

6 ang BUEPLAS, B bo SRR U AR s e R BB E T e

adaeskhiangl. By ﬂw@w.nghanmawse&nugbemfammb;e&&dwﬁdmuand‘oﬁam ttic-times

qbt ai nabl-e using other nethods- The nethod can also ti-e applied as an .

l?‘ﬁiﬁ‘iﬁi’éﬂ'é’ﬁfa lsbéncwa%'es HsrrbEy to dishingistyd leger sugbenefitegs inppsinglches, © . suchaa-
&/Fe&&mlama g%t' c&ﬂﬂ%&a%ﬁﬁl librarted@%e JRfleltdd o%%géé@&&_'mo&mms

'spec ronetry (as descri
becausc; the ollgomcrs being sequenced are lughly fragm&ptcd usmg th& present mcthods the-

ionization: efficiéncy and the volatlll.ty‘oﬁ_th_e resulting _ﬁagm_,e,n@arp,:_hgg_hgg than. those.of fhe-

pacént oligomer, thus leading to a detection sensitivity.that i_s_,imgto\(ed-Qx_rc.lz_otllermpihdds_; D

~ In a first aspect, the present invention pr.oﬁdcs a method for éa;ucnci_ng a terminal
portion of an oligomer or polymer, cbmprising:
(a) contziéting said oligomer with a mass defect labeling moiety to covalcﬁtly attach the
- mass defect labeling moeity to the terminus of the oligomer and form a abeled oligomer, said
mass defe<_:t labeling moiety comprising at least one element having an atomic number from 17 to

71,



Koster- and, Butler et al), and-polysaceharide sequenci ngig &sildeesri bed. .
by. Rademacher et at. and' Parekh et at. By allow ng an increased nunber of
sanpj es tg. be.sinmultaneously processed-in.parallel: -Increasing the
ability to distinquish-.plargernunbero-tags in asingle.. mass
specttutn_allows |arger conbinatorial libraries to be synthesized O
screened. -- 14ore. yer; - because,the oligoners being sequenced-are.

hi ghly. - fraanept ed i.ngthe. present nethods, nthe.; ioiuzation of icienGy
and the \g{’))l%F‘f"}y’saﬂg?be%ﬂgﬁ%%'g‘iﬂ“f'ﬂg@“‘F'}Zé'ﬂi‘fé’ncqe&"?ﬁ‘ct"ff‘ljﬁ er. than the of

t he specpametric fiigradntagiomarethotl lgrolivea tibBgd bligamed Gh@AdrtHHN. sensi tivity. t hat
is,inproved.ove>other nethods.:. In a first aspect, the present invention
provi des @fjr'r(l%f‘ ﬁ%ﬁ’ ERASPAST g‘@ﬂ'&ﬂ%c%{mf%qnﬂi"ﬁé? Sa“f)l(?"‘%i?‘{)‘?{‘g(i?‘e gen§ormrer or

pol wnier, conprising: (a) contacting said oligonmer with a nmass def ect

| abel i ng moiety.to coval entl ttach the nags defect |abeling noeity to
the ter m(‘?}ﬁge%%r%"{'% of 1155 y%ﬁec?ﬂ. gfspmipal resifugs ofis ‘ﬂabﬂﬁg?l!@ d nass

def edereinpbi sequgnerpiertyinatinprepsbmgriat disaasiatiigbettRiigitimdayithg an at onic

nu [ /el 0O {41 il 2005 (b) fr ntin ai d. |.abel ed ol i goner
us rgag’e'ﬁ‘fr‘@@é%e Frg%%‘fnz?:’}?eaﬁo%l"f |18(i (gfgoﬁ'ﬁgéag“éeﬂé@’g%%ﬁhf g'é“i‘faf g‘ﬂﬂ’@h’t ation met hod
t o prugiefdhd miye defect ddbiepaymoietyr whreinsaid oligomer denlettty o) tike grags spect rum dat a
cor i sai ed oligoner. fragnments; and (d) determ ning the
seq-t%gtﬁgg%éﬂg){&%g’a@?ﬂ?%gﬁ&'Hcr?é a%%‘ggrfdalﬁ’é of said | abel ed ol i goner,

wher ei n ¥méng gs@gef mobodieeres, mhain theokigoaer maybe a proteir] p&stide,or RadlEing bet ween
t he : bel ed oligonmer fragnent and an unl abel ed ol i goner
_fraagngﬁlt%"%ghsoggﬁgr{'!"?rﬁrecoﬁ"fcqs%ar bi nding energy of the mass defect |abeling
noi ety, whedeatifyingaheproteingo gare tiysising klect@@nderaithe o agn@o prmmansi sti ng of a
pr ot.&i | nuel ei c id, .and lipid. |n one group of
enbgegidﬁ%sr%?g%ayc\?ﬁg%%?{? Stg ﬁugn%e??rﬁgr?edra%%ﬁsf ohgeng Sﬁ?‘%?cee’ldﬁfa‘ peptide, or nucleic

aci d t helnetehad avgegt, therprdsent icongimi sevides deriliod forngqidneing s porcibmoOr  gene by
US! Bl e RN SERP nidIR, Al R P M NUS | residues to sear ch |
predi ct'ed sequences froma database (5)_ g&ne sequence data. In a second
aspect, f(aeortactingthe olignnean mibxsnrepyithva riass defectidtbiating theietyze cavakailyng a porti on of
an okdoB S asd ' ' . [.d_nmet hod ri,sing: .(a) contacting
e NP B et Buelfia 0t TRl 1 s 128 p T s R a0 oilr S |

at t etture,saidmpassdefest labelingalsadty pemprib@igtay lebs oge ¢lanerit hardngdn sanid ol i goner and

f or fidbet ABG1199, 91,1 gomer  m xture, said mass defect |abeling noiety

conpri sing at ?;eé_st. one el enment having an atomic nunber from17 to 77, (b)
separ at i WSS?P_M}W&' ddixldupldgeled dligtngomenid lateled aligohalnskedt, ol i goner i xture,
(c) 1 dench fathilGing a WS spBRAG duBoHRLRnGRE [SRRGRHL AT 1R bl Vi dual

| abel ed ol i goner,
~and

(d) analyzing said mass spectrum data to determine the sequénce-of at least two terminus
residues of said oligomer, wherein said analysis step comprises discriminating between the mass -
of the'labeled oligomer and #n 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



and (d) analyzing said nass spectrumdata to determ ne thﬁ3§ﬁﬂ@@@§e of at

| east two term nus residues of said oligoner, wherein said analysis step
conprises discrimnating between the mass of the | abeled oligonmer and an
unl abel ed ol i gomer based on the nuclear binding energy of the nass defect

| abel i ng noiety, wherein said oligoner is selected fromthe group
consisting of a protein, polysaccharide, 10 18 April 2005 -uctei-c acid, and
lipid. I'n one group of enbodi nents,. wherein the oligomer nmay be a protein,
t he nethod. .further conprise: (d) identifying the protein by using the
sequgﬁ%%c%?f%%nﬂggst two C-ternminus or two N- terminus. residues in

conbi nat i &roneigtdop af @epeinainisprhaao i digbherafiaytbba ptadiglietm@net ®iyn and. t he
prot%h&mhghgkgys | ocation of the sequence to search predicted protein
sequences om a dat abase of gene sequence data. In a third aspect, the
present i (d)edentifging thepritele by asimptht esjuéer ofdtlasttas €-tamtdndswacid wn  anal ysi s of
an old.qa - i -l ur ali . nonQners, .sai thod c rising:. (a)
cont SepRTEles I IR il { o BRI o LB RT R ¢ o

di f f evoisin feeinyp locatyes of thospaisaet trsrrarherglicieibrotrie spmeeds fronarermsand produce a
di ff gf gt sedldn¥e dPel ed ol i gomer conprising a mass defect |abeling noeity,
wherein the nmass defect |abeling reagent conprises at |east one el enent
havi ng aniia 81 espertthrairesst ipyegtionproyides amathogifor srueuigand funetivnsul f ur or

Phos plysisF anldlgohér HaRing b pREAEY dithlonboRiBR! daldihdifbd@oMpasing PECT T UM dat &
correspondi.ng to. sai diFferentiaII | abel ed oligonmer, and (c) anal yzing
sai d mass @ﬁg?ﬁ’ﬁ“ﬂﬁf pligomsr with %Fﬁfshéfeﬁ‘e‘ﬁ‘?j’é‘ﬁ%@ég“éf togdiffegengipliyjabebr t hat are

eX PO 8xsddiindnbers bidagrectios@INAbRAREs 28l podhdelaalifdchtaMAMEd&Estig8hersai d ol i gonmer

t hat _are. unexpos j the three-di nensio tructure, wherein said

anal ySI&" ¢Ea ;?géso‘%geﬁ lgbeeém%l eEpt H‘g?fﬁ't“iqﬁ"g‘“ﬁéa%%i?bfll‘f@ regggicogpriehg

di f f &agnbe dérhept havbiglae dtoolid igaiter ofaeh EhtoUmn kiiabrlog@r @hd gorEs: based on t he
nuclgﬁklgkﬂding energy of the mass defect |abeling noiety, wherein said
olig mer 1S’ sel ected from the group consisting of a protein,

pol ysaccharide, nucleic acid, and lipid. In a fourth aspect, the present

i nvention provides a nethod for sequencing the termnal portion of an

ol i goner, conprising: (a) contacting a first sanple of said oligonmer with a
| abeling nmoiety to

10a



covalently attach a | abel to the term nus of the ol i gomer18agtil2005n

a-| abel ed oligoner, said |abeling noiety having one elenent with an atom c
nunber from 17 to 77; (b) contacting a second sanple of said oligoner with
a |labeling noiety to covalently attach a |label to a term nus of the
oligonmer and forma | abeled oligonmer, said |labeling -noiety having two
elenents with an atom c nunber from 17 to 77; (c) optionally, repeating
step (b) fromone to three tines with additional sanples, wherein the

| abel i ng 1i@dnkiBhin ve e respectively, with an
at oni ¢ nu(gger ff}gﬁgstsgpé&gm g%q{‘ﬁ"%poné'%@ Sf"ﬁlﬁ‘ﬁ?é‘ﬂ‘“ﬁ\'ﬂ s from steps
(a) Oﬂ'ﬁ?'BEFgﬁ“d( c); (e) fragrrentl ng said | abel ed oligomers using an enzynatic,:

chenol yti(g) akalyABSSid N nment ati on nmethod to produce | abel ed
o.li er( )f r ;gf[rrent s: spgg mgnt sd!“gi t{i& ?%T"\%&%FPWP?F@@“#&@@ thas@est r um dat a

cor FERseh i thyhfes- ds'amlqnexm@tare@hd gomeices a)sad@u.ga,ﬁarmaa&emn&pggg%nce of at

I easke thwe-dinkd Jiohal uﬁ&%d;m al i goper . fragnments, wherein
said Seolﬁ@gfé det er mi nat | one@%ael%g%agms Sggggmﬁ"sﬁ ‘?ﬂ"ﬁ&‘t‘i"ﬂ@e%ﬂv\ken the mass

of HE? greptially deheled pligeymesand an@lamlwml.gb@aredse@bh gRMBEedr agnent based

on bhﬁlﬂgmﬂﬁhﬁ‘aﬂh@hﬁﬁb‘d%gec?ﬁﬁélﬂgtn&fle& ?@.ﬁwm Sids igggl% i) gé‘)ggd%qgl ety, wherein

said oli sel ected

pol %%{Bﬁﬁ'ﬁfsf'a%f’ el E°l&f(?FQ!IaﬂémdU¢lmpadd bid 1igi8. Aprll 2005 In a fifth
aspect, the presen i nvention provides a nethod for sequencing a portion of
an ol i gdf@de “'ﬁ'cﬁ?ﬂ"r‘i‘é hegpeseptinventign prvidenymathpd leo sesquaricingaheateahingoner usi ng

_ onepomoﬁmra,smmeflc@mpﬁmgrmtl c or chenolytic fragnentation, nethods to
produce ol igoner fragments, wherein a different fragmentation nethod is
appl i ed to e&Bh aPPHRRSNE 2 fisy sepple ab siidgfiganter with a Bbkkgahoiedy ©! | goner

f r a@rvRIRhsy Matla Bibki b 8le bANBLS va attach said first
I abeE in t‘;ym)l et; tol B term nus&gﬁ‘l@#ﬁ&%ﬁ"gotﬁ%r ‘a Qrféf?fjgl G649t or m | abel ed

oli havinesoneclgment withan Wmvm@cnﬁp@tlth%m ng one elenent with an
atom c nurrbgf) frmﬁnégsgczndgﬂ lppttgag %gcrqultaalcﬂgchngg{ h&ot her aliquots

of oI |lg'g§(er fraﬁpﬁnts W th other _ disti nct %o covalentty
Cattalk ach £ BP9 2 femmimus pfthe oligepaand @mhéalte@ﬂm-mmefsaidnbclmgl gorer
f r agoretyhaviag dvd deditdtdith 86 aohiigRiRSec 6bAGTEHY.S, said distinct |abeling

noi ety havin
y 9;) optionally, rcpcatmg step (b) from ane to three times with additional

samples, whercin the labeling moieties have three, four or five elements, respectively, with an
atomic number from 17 to 77,

(d) muxing the labeled oligomers from steps (a) through (c);

(e) fragmenting said labeled oligomers using an enzymatic, chemolytic or
mass spectrometric fragmentation method to produce labeled oligamer fragments;

() identifying a mass spectrum data eorres'pond.i-—ﬁg to said labeled oligomer
fragments; and |

() dcte(mmmg the sequence of at least two-terminal residues of said labcled
oltgomer ﬁagrncnts whercin said sequence detenmination step comprises discdminating between

the mass of tl'w labeled ohg_omcc ﬁ'agment and an unlabeled oligomer fragment based on the
nuclear binding enecrgy of the mass defect labeling moiety, '

_ wherein said oligomer is selected from the group consisting of a protcm
- . polysaccharide; nucleic acid, and lipid.

u
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two or nore elements with an atom ¢ nunber from 17 to 77;18(abril 9888 onal | y
m xi ng the aliquots of |abeled oligoner fragnents; (e) identifying a nass
spectrum data corresponding to said | abel ed oligonmer fragnents; and (f)
determ ning the sequence of at |east two residues of said | abel ed ol igoner,
wherein said sequence determ ning step conprises discrimnating between the
mass of the |abeled oligoner fragnments and an unl abel ed ol i goner fragnment
based on the nuclear binding energy of the nass defect |abeling noiety,
wherein said oligonmer is selected fromthe group consisting of a protein,
pol ysadifthaspede thepusb iitemidnthroddsd alvhddhdd. fol dlq@en&h%h?o.%%%n the. present
oli ANols? PI’OVI des a method for conparing the re I ve abundances of

S R i

Y Fromtwo or nore sarrpl es, conprising: (a) contacting the analytes

of the fhst noiety to oovalently attach a | abel to
t he analt;} es % ?nmfﬁh{aa eP Oh VZe¥ EAF 4T P2 EPFHY moi ety havi ng
WQWWEWWQM@IMM pdoduid&thorhﬁ faginedt ) wheadi act i ng the anal ytes
rﬁ&ﬁ&ll?% We&&&?tpﬁ %g noieties.to oovaleatly attach | abels
r

: to the ana tes In each sa ein the | abeling noieties used. fbr
each sub@équmwmﬁw@S@bﬂquﬁomm&mmﬂﬁEmelatbcliy\gth anat om ¢ nunber

mJiét? o (Joleeﬁ(ﬂ' aftheh saftf:ﬁrslrﬁ%'llﬂg lr{ona?y ﬁl SHRLR I?Elh& o goeqlg gc}ﬁ ng %f%f(sj a( d

dentifying mass spectrum a correspon nal yt es; and

zing said ma ctrumdata to determne the relative abundances
f°8§' i%”'a Ji ?‘f‘&‘“%ﬁ%ﬂ@iﬁéﬂ%ﬁcm‘amafv‘tah@saﬁ%ﬂymé@ Yt anemiche sanpl es,
nundber 8o 1986 TW:anal ysi s step conprises discrimnating between the mass of

t he | abel ﬁd anal galfs and.an. unl abel ed anal ytc based on the -nucl ear
bi ndi ng Ser g{PUsPalPrfenaing e pthes alaugis pf fltgomss Ergments Wfeedrn said anal yte

dijtmctiahatiop Gdlélbﬂﬁﬂﬂcbhﬂagly&uﬁhh&@iﬂ&hﬁhbﬂgbdmﬁg ihoil-rn@& i the termiPbii@@cchari de,
. sevent h t he present invention

oli IPI‘% C ac 6‘3 l%t}c odggﬁ?rp?r cats1 %Biecf Ct IFRﬁllég ffoaety Ha‘&ng-rass spect rum

Mhemdwmmmtm@cmhmbatmmidma) accurul ati ng a mass spectrum of a
ter erin the | abeled nolecule is

| abel ed | ecul a.na S o

| abel ed W'th Ozim?'éag@[?‘%ﬁ‘gmr?o@&m‘s Bgﬁf’%ﬁfﬁgﬁ FhiE 8%t yconpri si ng at | east

one mass(dief dd¢ntifiingremtsstrasitrun date atresgonding nbeid hhdead diigoti2r 77; (b)
fraginShtsidynat i ng between the mass of the |abel ed nol ecul-e and the mass of au

® determining the sequence of at least twa residues of said labeled oligomer,
whercin said sequence determining step comprises discdminaﬁng between the mass of the
labeled oligomer fragrents and an unlabeled oligomer fragment based oa the nuclear hmdmg
energy of the mass defect labeling moiety,
' wherein said oligomer is selected from the .gfoup consisting of a protein,
polysaccharide, nucleic acid, and lipid.

In a sixth aspect, the present invention provides a method for comparmg the relatlve

abundances of analytes from two or more samples, comprising;
(a) coutactmg the analytes of the first sample with a labeling moiety to
covalently attach a lahel to the analytes and form labeled analytes, said labelmg moiety bavmg
one elemeut with an atemic number from 176 UH
) contacung the analytes of subsequent samples with labelmg moieties to
oovalcmtly attach labels to the analytes in each sample, whcmm the labeling moieties used for |
each subsequent samplc contam an additional element with an atomic number from 17 to ‘77 '
' ©) mncmg the aliquots of labeled analytes;
()] ldenufymg mass spoctrum data coeresponding to said. labeled analytcs. and -
- ‘.-(c) : anal)zmg said mass spectrum data to detcrmine the rclauvc abundancm of

‘ 11la
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unl abel ed nol ecul e in said mass spectrum based on the nudBegril 200Edi ng
energy of the labeling noiety. _ Another enbodinent may relate to, the

nmet hod 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 obtai ned fromone sanple with a | abeling noiety to covalently
attach a label to the bionolecules and forma | abel ed bi onol ecul e m xture,
c TP ETPH P! the aaslyics beoweast thosantplonwheacinlsad aodiyss sipctofipiifesat | east one ot her

s afgekimintibdbawlalpd | ' Loty oval ent | tfach a | abel to the
bi onpl gd I_é(;s andbfﬁéol?l%‘ggmgg%ﬁ\égggg?lg‘%%éﬁaﬂl"éébi?lﬁ‘i Wichasedoptticng  noi ety
c SHPFTSindinemeney g the grses dafestrishelinigamointy, an at oni ¢ nunher from 17 to 77, and

each succegsrdrMf sdi@ REIO] PRLES W sing at | east- qne additional el ement
havi ng an atom“can_uri‘oelkt from 170'510 ?@;E"wﬁ‘ﬁ‘g’f%é’?m’mf%o that said el enents

af@ de.puyeleie grid gnddipidohosphor us; and the bi onol ecul e contains no

elements in its structure having an atom c nunber between 17 and 77 with
the exceftd B¥eng: ASBY-Hfr Presentgnrs pproprosides dofiethodd Mgentify e i fcfigent i al |y

| abwblechibinaimmdse spebuns AP h&Rod & source; (c) optionally separating
t he bi onol ecul es by affini tc§/ 3W5§ﬁg?]er?%5?\g;' and (c) analyzing the
di f f er ent i afa) gechmbleticgrh hise SRIcaGiloES 14b¥lcd niTAS S SREE LLANEL T ¢ Nethod to

debadtidinier r"'ﬁ‘Lﬁg | ML BNt L Zs. of ‘}ege . ndi vi dual | gbe_ ed bi onol ecul es or
| abel s cl 8aved From sal ao T i e bg pivi i lakeling woiety, isaifl tarlingher enbodi ment

maPLHE PARRIISING at Lot onarnis defoét cbinathdvihgCR W8 haib ! fr ok p,rﬁr,‘,es, t he nmet hod
[ et

may Cconpri S@y dikdithinad: Il 2005 (g), contacting the synt tc surface with
at nox)r dl_%dtgﬂ%}md% ﬁ% Wc?ﬂh(éc [@ﬁ%srﬂafé'éﬁcmifﬁ%’d&lgwl"c 39dythd mpsstofiea synt het i c

< yplabiciah palequds inghifl paasespeatmpoissell @ntle hestei sinimgehesly syt BELl,G SuUr face, the
t agictytononmer conprising at | east one el enment having an atom’c nunber from
17 to 7Xn0t£el?23 gcp({.l onal ly contacting the synthetic surface with successive
tag moroners o T BEN Y jelate top the ethnd cembeapplitd prostiesivet eps to whi ch the

S yitamenk Gosufldbeled bivolellestedh e RARELLANY LRpM., 3 Successivel y 1 abel ed

~ synt hetyi rface,, .the tag nonomers conprising af teast one el enent having
an ator# gcoﬁﬁﬁ%ngﬁ%q}?fﬁ‘ﬁiw?"g(?b‘??‘?d fretn cop eampilevyith & hbelimgmaitay ot ag (s) from'the

s yaevHently attaph mflabebro dlict Hidhioleiled asd foeth @ 1Bdleli _ d nol ecul e, or as a set
ofy éi:ﬂﬁﬂ:\éét%f'@ihmkr%&;és o'bla?ne:jf%oApri | 200&%’“9‘!\/\50B 82’5’%&%@339"%”’ contacting '

m'at least one other sample with a labeling moiety to
c0\talently attach a label to the biomolecules and form a labeled biomolecule, the first labeling
motety comprising at !east one €lement having an atomic number from 17 to 77, and each
successive labeling moiety comprising at least one additional element having an atomic number
from 17 to 77; with the proviso that said elements are other than sulfur or phosphorus; and the
biomolecule contains no elements in its structure having an atomic number between 17 and 77
with the exception of sulfur or phosphorus; oo
(b) mixing the differentially labeled biomolecule samples from each source;
. (c) optionally separating the bioinol_eculeé by affinity of other means; and
| (c) analyzing the diffcrentially labeled biomolecules by a mass .spectrometric method to
determine relative quantities of the individual labeled biomolecules or labels cleaved from said
labeled biomolecules. . -

Still another embodiment may relate to, the method of encodixig combinato

rial libraries,
‘the method may comprise: : :
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PCT/ USO 1/ 49951 (d) anal yzing the conposition of the tag(18)Ag2005s
spectronetric nethod to determ ne the chem cal processing history of the
surface. In each of the nmethods above, the use of a robust algorithmfor
termnally- | abel ed oligomer sequencing of the oligoner fragments provides
advant ages over 5 conventional MS/ M5 sequenci ng al gorithm approaches. One
particul ar advantage is, for exanple, the ability to partially sequence
full length oligoners (e.g., proteins or nucleic acids such as DNA and
RNA). wi thout the need for prior digestion into smaller fragments if mass
spectronetric fragnentati on techni ques are used to generate the fragnents.
Anot her advantage is the ability to automatically filter out chem cal
noi se ( e ligonmers 10 or nol ecul es and organic matrix

cont ani ﬁ%ﬁ“t°§‘38khmﬁq?%‘°lé’%§r‘§§%s"§%‘éec‘#‘ Hi28 RoBPRE e Kgoaliherbemical propsss ¢ he net hod
i s tgahich deaynthetiy shdseds @nwilhie:) kmanl aad Sarmiehbaéd Yhihbhasulfadeghe @gd does not

reql 19 \VAR S of ,the, parent jon size qr.conposition to determ ne
t h%‘%&uencghm%gg%g?"efl e 'gad'é"giagatoﬁﬁ‘f “‘l‘?ﬁ‘&fﬁ@?\ﬂ&?&én be highly
aut omat db) opfipnally camtadting theasgintheticagefadevitht sidessh@way m&ﬁﬂléﬂd’t@‘i‘deﬂmgi guities

I eSbdoqid : ' oved absol ute nmASS accur ac) i ned by 15 working at
t he Is(%(\’v gﬁcé&@*&tt}ﬁ%&g%g?\égopg@'ﬁ g‘r%sy e ?‘l'&cﬁésr(oh‘ﬂéﬁ%? awasedand fogp pet t er
i orfisepessivigly latfeladsiuthetic sarfatecibe tagmpandien gordpisint dt RastoaO8Ehéni ty ,: result
fr Q@Vids ! n j £ J-oni zation conditions and the introduction of a
har d'loghlr]%%rﬁgang gé}?ﬁgrr?g’e&odg’the fragments throug;i the addition-of the
| abel . YeXclaviog Hermadmantag (2 frofn thadyntheticiunficexitibiak g inglamilgly-t he | abel is
t h@aggaPinblebie t;)pascLeste%mé(gg,}anqgti al oligoner sequences fromregions of an

h b

ol i goner that may not contain ionizable residues. It is obvious to those
skilled in the art that the nethods of the present invention nmay be
applied .for the sequence anal ysis ofany organic polyner or relative
guantification of any organic nol ecul e between two, or nore sanples with
the proviso that a mass defect |abel can be attached to the. organic

pol ymer or nol ecules. 25. BRI EF. DESCRI PTION OF THE DRAWNGS FIG 1 shows
the mass spectrum of gl ycogen phosphory: |ase taken "at. highly

fragmenting conditions of 325V nozzle potential in a PE Biosystens Mariner
mass 30 spectroneter. FIG 2 shows the periodic peak pattern observed at
~about 'a .| anmu spacing over several:20 arnms sections of the nmass spectrum.
of glycogen phosphorylase (Figure 1). FIG 3 shows the overlay of all the
MS. pea#is on"a 1 anu spacing fair glycogen .phosphorylase fragnentation
data at 325V in theirange of-j0-55 Thnu.

lic
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nucl ear binding energy for the elenents of the periodic table as
funca&8n of lsotope mass nunber. FIG 5 illustrates the structures of a

nunbe

6 illustrates the structures of a nunber of |abeling noieties hav

| east one | 0cjungnsd iteUBiposifibfPof tholey) Bleal\BoStIMGRLLR AR &

mannose-type o

i gosacchari can e sequen using t met

2005 WD 02/ 066952 PCT/USO 1/49951 FIG 4 il l1ssAprateeest he

a

8#%3¥el i ng noieties having at |east one bronif{d/SHytSt uent. FIG

i ng at
hi gh
hods

pr oddteimdng the thrnphle)rqccsmgahlmﬁmsmhee deconvol ved mass defect spectrum

for a high nose 0 0sAac i.d eled.wth Label 1

FIG 8B ghovntzﬂt & %fe(%or?%/%tp\%&toge §l(;Jle'cyi"‘e?’ rgb Pﬂllt“lg T emigally- rennose- t ype
ol ll@Ba&!Iﬁll'@fnldﬂ@erﬂjegaﬁg otaleelli%dmutﬁhglnaheIpro'&uddgla&/amﬁgéssyhem t he deconvol ved
mass def ect ectrumfor a hi nannose type ol i gosaccharide dige
i tFPnvetonalMSAYIE seqpieapiggal SPBIRgEeS e Prgpadicylar adyandage ds, farm f

! abﬁdaﬁﬂlé"’tﬂe@bﬂﬂt? t&-?ﬂ'ﬂhll)ﬂ-s&]ﬂgnceaﬂﬂl lerfzth 5@@0@?@@% pll%lebn{ ety V\Aclﬂeg: acEﬂ

gener a

structure hot ocl eavabl e masSs de ere

st | abel ed

or alipid

justrates a
is the

massichias BAA andRNA) wathaut the needh far@riondigggfiontihe samiligofragment{ ®maso t he

r enni der of t he , 11A s t he . deconvol ved mass ‘
(o Rt BB chARa! b Blindd e o g IR e SRATN L Sy
br oarivletage;@tﬂwﬂnmeao hutechasipsl bt filten qit chdivicillidise (€lgganhRbeledBligom&ot Opi C nNass
defects t FIG 11 C shows the- |so&§£e resol ved nass spectrum

105 ho‘?/lis‘“‘?'ﬁ enlesang asganmmatoxsontaminantshin
 thephaes neneat.t SN sthrkife LAR ISHONE KhB@n s Phtbit tid naeetla% dbEapent s

MASSSREGTHRT ARADST 2dypntaghys g

from'ot her chem’cal noise in-the: mass-spectivra. 12C. shows :
r esiSAWrG By kefowrledga of theamrgnk AgnBpe PT epmpfostion 6o Hetucrmmwlqmemncal noi se in “*t he

msﬁn?ﬁtﬂ?rt gw%eﬁls ﬁ‘ta}t| é%ﬁtg?tll&’cl‘@a& Qee hgﬂﬁ{):ln tn?atgé §)t]ll? ogﬁer aﬁoan? ? al

are s

I odlI'c nol of

FI G 12A
e in

t he

rs that
t he

_Si niphefewboseqacie Iaﬁibngﬁ:ihdshésulltahtel to FheGmprd\aid ﬁ)bﬂ\ﬂ& mhe adauhi)ﬁja&leﬁhybr omi ne

ntthe peri odi c noi se that cor

t ‘ re shifted frg
19m Qe g heow g o6 Hammreg e, FBHAnomep AdvaRAASE AL Sety romization

| abeml:i@ﬂcﬁxﬁﬂ%h@ﬂldﬂdmg%tealﬁa sérﬂﬂx GedultProm L& %m%nergélcq%mtﬁh

‘bromi ne_ i'sot ope:pairs that are  shifted fromthe periodic species.

“corgaadisions pacthe éntradictiomef achasd or i
t hemﬂlbl&' dtieke Q{)Hr Q.’Q( Qr?othgt%hggﬁagé%f |§trodJcﬂ?gta a{a?ge through the label is the .

20

25.

30

' _!Le Gherge onphefragments dhreyga tha 5B

ablltty to determme pamal ollgomer sequences from reglons of an oltgomer that may not

;contam lomzable restdues. It1 is obvnous to those skllled m the art that the methods of the

respond to
s of

shoms .

present mventlon may be applted for the sequence analyS|s of any orgamc polymer or relatlve N

"quantification of any orgamc molecule between two ot more samples with the provnso that a’

mmass defect label can be attached to the orgamc polymer or molecules _

BRIEF' DESWPT‘-‘“ O'F THE DRAWINGS

FIG. 1 shows the mass spectrum ‘of glycogen phosphorylase taken at hlghly

' fragmentmg condmons of 325V nozzle potentnal ina PE Blosystems Marmer mass

PR S

spectrometer -
FIG 2 shows ‘the penodrc peak pattem observed at about al amu spacmg
over several’ 20 amu sections of the mass spectrum of glycogen phosphorylase (F igure .
F[G 3 shows the overlay of all the MS pealcs ora 1 amti spacmg f5r glycogen
_phosphorylase fragmentatuon dita at 325V in the range of $0- 550 amu

12
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shifted fromthe periodic species correspondingto the simggpfbapged da2
ion. 13 18 April 2005 FIG 16 shows the raw, baselined, and (i-factor nmass
spectrum of 5-Br-3-PAA-| abel ed nyoglobin fragnented in-source in an

ESI - TGRom@ma9spect roneter. FIG 17 shows the result of ppgiRg wegduencer”
code to determ ne the sequence of the first five residues In .

5-Br - 3- PAA-| abel ed nmyoglobin (SEQ ID NCS:1 and 2). FIG 18 illustrates a
gener al f or mulEQG. drillgstrates sheledadear biraling ercagyt far tierdensentoofithe pédictic  of

i oni I mass defect elenents (B,. .B" ), and a core
succ%ﬁ?@ga%hngg aﬁ'sc’togﬁgﬁ‘s urﬂltﬁ ety (SA) (Figure 18a) as weII as an overall

synt het i C Schd?iﬂ 'Sdllusﬁra(e(s@he structudés) ol Fnumber oBMbelicghol¥aeShAGiLat | abel
(Figure .FI GP 19 illustrates an exenplary sequencing techni que using
t he HB%I of HH¥Benthy Sanger- in conbination with the | abeling strategy

By ovi ded her elmG, Blffsiafesihd lcidbesrd ARRLLAr PRSER: hbliccRlheyused 0 the

sequenci ng. net hods provided herein. FIG 21 | at es ddG' nmass
spec‘F?%ﬁl“(lSEQﬂlsl!i’SN@%) (see Exanple 18). FIG 22 illustrates a ddT'/ddC

mass spectrum %@% ) le 18 CRI.PTI ON OF THE

| NVENTI ON Def ﬁ\lléf? ns oAl essﬁgcglfrgﬁé%cﬁ%herw %-?ypg ‘g?sé’(?ﬁ}i’f"ég-%aéﬁﬂ‘ _

sci ertsefuencedousing tbeeﬂl:tltudserdwde;enaxahlple have the sane neani ng as commonly
under st ood byrﬁgﬁ%gf ordinayy skill, in the art to which this invention

bel ongs. Gene shpws s, ﬁ‘&‘l‘vé’tl‘tﬁdé“%%élﬂaﬁb%%ﬁﬁ“mzﬁ‘lfc? high maapeseat or y
10r OQWél?)g%thMeQﬁgésﬂab&é&mmabw Hapié. sﬂﬂsm“?sttf.a'd&ell@ggf d,ﬁtgg chem stry

descr.i be ow .are those well known and conmmonly enp I'n the art.
St arfiefctispesternifefiadyish manpessdyporligqsaerharde digest absled withehabeh?. FIGenzymat i ¢

a dj.n
gnﬁggﬁsg@%&gg‘@?@ém i gﬁeg?&%ﬁ@&?'e@ﬁ#’%uesangﬂ%ct(él?%giéﬁ%?%ga%‘?% general |y

. perdigeshiabieledwah diabe 3t o conventlonal met hods |n the art and vari ous gener al
ref erences (scﬁ g eraII nT) ok et LAR CLONI NG . A LABORATORY
MANUAL, 2d edF1f1d8 P ﬁg "Hé?ﬂ C‘LSBB‘%SP’at ¢ pidlabeledwity Spring
islar Haibel Nand. Labami(sh@Elaﬂd,ﬁelzp Enzynol ogy, Biemann, ed. 193:295-305, 351-360
and 455-479 (1993).which are incorporated herein b?/ reference), which are
provi ded thro@éﬁo illusiratesia genest struqtyes 9o arphetosleavableyesd dafsceliabeland t he

Pr OGgiHes BPisitht rll?stsbﬁf'@%l élﬁﬁ’ugrruftgﬁ d%ﬂl‘i&é&f‘vi‘]é&@‘ tlﬂeg%lﬁé M@%Z“‘X tical - chemstry,

and%or gani ¢ synt hesi s des enpl.oyed 14
- remainder of the label (or tag).

FIG. 11A shows the deconvolved mass spectrum of the photo cleared mass -
20 - defect FIG llB shows the tag ‘bromine lsotope resolved spectrum of the photo cleared |
mono- lsotoprc mass defects tag. FIG 11C shows the isotope- “resolved mass spectrum
' F[G 124 shows thé resolutlon of b-i lon &agments from other chemlcal norse
: ln the mass spectrum FIG 12B shows the resolution of a-lon ﬁagments from other chemlcal
_ noise i the mass spectrum FIG 12C shows the resolutlon of d—lOl‘l fragments ﬁrom other
25 chemlcal noise in the. mass spectrum " ' - o , '
- FIG.13A ‘shows the doublets of bromine i lsotope paus that are slufted from
the penodrc norse that correspond to masses of the smgle—charged b ion of the label F[G.
. l3B shows the doublets of bromme lsotope palrs that are shnﬁed ﬁ-om the perlodlc noise that :
30 - FIG I4A and FIG. 14B shows the doublets of bromme nsotope pau‘s that are
- shifted from thie. penodlc specnes correspondmg to the smgle—charged a. ion. '_
©FIG.15A and FIG. 158 shows the doublets of bromine i lsotope palrs thit are'

shlﬁed from the penodtc specles correspondmg to the smgle—charged daion.

13



. SKEE1 18 April 2005 WO 02/066952 PCT/USO /19951 in the amstApribRaosiard
techni ques, or nodifications thereof, are used for chem cal syntheses and
chem cal anal yses. The term "nass defect” or "mass defect |abel" refers to
a portion of a label or the entire |abel that provides a nmass sufficient
and distinct to be readily-identified.:in:the:nass..5:speectrumof the

sanpl e. Accordingly, the nass defect is ty aIIy an el ement havi ng an
atoni c nunber of from17 to 77 and nore spe Leal |y between 35 and 63,

that 1s “G‘éﬁshwhewbwhnﬂd AR ot T I e R SRl IR
o GR BT tsd B HloR i PESE OP BB CondiEA cal  (even of ganic cher cal s
e

grou eroatons), such as bionol ecul es,
mcorporEIG: larabownrthmﬂteﬂxemgn‘s@mm:”mgdato dateoming theusapsncedf 85 to 63. 10

ts are the el enments' bron ne,
ﬁ‘FEgg’eﬁ"é‘ p&ﬂ%f?g%da&g;‘f‘{ gﬁt’ﬁgr eﬁ“ﬁﬁt he ternfoligomer" refers
any pol ypRs. IGflllﬁﬁﬁﬂthlg@eWIlﬂfrﬂmﬂ for 4 Messidefeclutas catiniag mcbxabmatidmough

pically not identical. GCeneral gomer is meant..to include the
OH%@PEIH‘WB&@UTA'\E“B& ‘é“’%‘ﬁ‘%&é g%?’é{ HOre FePGAUNIBEE | des, nucl ei c

re%iivd ﬁmiﬁ(sw) mgﬁg@&ij% iR 8s aPQledaBaghifATD sdRdme RS ({4, R mMnmme i ke.

oner refer to free radical, condensation, anionic, or
SABMW@CB@B}'G@E‘S“W synt hetic origin, such as but not linmited to:

acryl at egy gt} ?%(Q:’L p%%%ﬁencﬂ%t b ﬁsw%kﬁeﬁ?o@@@escﬁﬁeﬁr il e rubbers;

pol yol ef ;" ns an m copol ynmers o erent MONOMers in these
bﬁSﬁ@&ésMbmmpnwmtthd:lammgMegyp‘fd)ned@lhegmrrer that is subject to the

anal ytic t. have.a esi dues t hat
is typic k gﬁ‘ﬂﬂ% fes ?lﬁ?lg R’ﬁtcc?ﬂg Pi @edr\‘ﬁhﬁé?qum%m&gg‘gslpﬁmildcd anol i goner
héeli@gt 1S an ol igonucte-otide can have hundreds and. even t housands of
residues: Simlarly, a ptrotein wll ed or - nor e
resi dues F EGhUdBHS“F‘?‘/Féadggd (,‘P?f@slﬁal"“g'ﬁgﬁ:@ﬁﬁﬁgé IL‘J’Q% peptides, is
al so usefpg) 22 ifiislels 4 QARYAITE kol apdbtiim (swm‘ﬁbtssﬁdaavsy(sfeé Bian®plé 0 100 sugar

| esi dues: A I|p|d will normally have 2-or-3 fatty acid 25 . residues "As
I8sed herein, the tents proteiti,'.peptide anid pol ypeptide refer to

apol yner of am no acid residues. the terns al so apply to:arnino aeid.:polyin
rs in which one or nore “amno acids are chem cal anal ogues of

corr espondi ng' nat NESCRIPTION OF THEBINYENSIONCi ds; i ncl udi ng' ani no aci ds

D I eh are nodi fi ed- by post-transl ational -processes (e.g., glycosylation 30
—\gﬁ% priosphoryl -ation): "Protein",. as used herein, means any protein,
including, but not limted to

Unless defined otherwise, all technical and scientific terms used herein
generally have the same meaning as commonly understood by one of . ordinary skill in the art
to which this invention belongs. Generally, the nomenclature used herein and the laboratory
procedures in molecular biology, organic chemistry and protein chemistry 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 manﬁfacturér's specifications. The techniques and procedures are generally
pperformed according to conventional methods in the art and various general references (see
- generally, Sambrook et al. -MOLBCULAR CLONING: A LABORATORY MANUAL, 2d ed. (1989)

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., and Methods in '

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

incorporated herein by reference), which are pfovided throughout this document. The
) nomcnclﬁture used herein and the procedures in mathematical and statistical analysis,

~analytical chemistry, zind_‘-orgenic synthesis described below are those known and employed

14
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. peptides, enzynes; glycoproteins, hornones, receptors;.dB Aprij2065

anti bodies, gromh factors, etc:, without Iimtation. Presently
“preferTed. . proteins-includethose conprised of at |east 25 15 18 Apri | 2005
WO 02M3B@B#sPCT/ USO1/ 49951 ami no aci d residues, nore p&epg@'g}aﬂ | east
35 amino acid residues and still nore preferably at Ieas i no acid
resi.dyes. "Peptlde" refers to a polyner in which the nononers are am no

aci G&H‘Qﬁ‘& Dtand aﬁddFﬂ‘é’dq‘{eéqetWﬁPfﬁm@mrmﬁeteubmlfdschelﬂutﬂrs&ﬂmbséehm referred
to @ﬁe[ﬁ,cgp‘{nglge&tlde Wien the 5 amino acids are a-am no acids, either the
L- opti cal mer or the D-optical isonmer can be used. Addltlonally,

un nat ural ami fibe tecindmasé defeek anpiinass dFea ISt N@ ferPaNydrBby 61 DRabARY

hor‘r%re%l iﬁﬁel?lta? 9IVS§C i ncl ude The, &FP no acids nay be either the D- or L
-i SOmMmer . prq¥d r?ear'gasérse Iriste pud Aisunetde be readily ideafifiedjisvthe miassr evi ew,

S ee speSpaindfahe sAm A&@H Cl DS,

PEPT] DES PR e e %?ﬁ?ﬁ‘zﬁ“@f“ﬂ%%ﬁ@ B e vor k., b,
267 3Tyggymber °f ﬁfyoat ET H’ %ﬂlﬁ'eneﬁerfge@légaﬂy befwaerel$ 4relr63, that iseftlesr shaho a
Conkdlﬂ}if%ﬁh&ﬁﬁéﬁﬁ ®hie fost éf?egﬁbe Hégs%& t?el ?usree ith %gal%'% a partial

sequence of a protein. A preferr Mifie i nvention

‘or sheamiggaayen Otgaawleébehcaln‘cohtmmggmupl b:md)groqm hewtoaffing Subly @ | ve. of a

1@,=| eBrahples bfithe mosierefepdd Atass HEreHB 9% the @R B Bhine( ﬁﬁﬁﬁr

| ab f vent | 5. The, term "nucl ear bjnding energy” refers to the
Eiog% é%%?gt'h&b r\%ﬁeoﬁ‘et%g‘orﬁﬁﬁeglﬂ"éﬁl?ﬂf‘%% GAumbgErely tofdsses of the

he
theort of :relativity) of-the. energy needed.to tear Ug'irgﬁgﬁlg‘ﬂart into
it st lE:'B‘nst i tuent isol ated nucl eons.. See Bueche, , "Principles of :
Physi-cs"" (Mc&% aygﬂrﬂeyg W secrhS61: g oy "de on ution' broadly
defi nes mat hemat i cal lli|11)roce3 ureslé%wgl ’Q-eiQPO“ e S e éc)”S@(g’lhfﬁﬁ‘ i nf or nat i on
of {hewresidues aresapilarathaugh tpicetimnat identidubt h}cneramprma,ngomaﬂ& indhtonoi se; or

wh ~ ob h I
oy E P e R AR yinc R oS Pyt lipo el e mipPeisice 1ol or - Lo:

18- -oltgoamhadies, wilysacdhasded) el ligids LandttRéllike: %ln@m&@ﬁa%&ﬁc?ﬂe?éﬂ to fronoval ent
t

ydra a; an ragl cal , l.lgenerally havi ng. - from abou 30 carbons
and" ﬁ‘ﬁé Spndspsplion, agiquic, 515 CAAIGOPRIYEISE Qﬁfﬂé‘hﬁﬁl%wwlamuyhmmrﬁt 18 car bon.

'V\helﬁmttétﬁw |a§b$'|latc£ﬁ{éﬁﬁcﬂ4&°tes B&BH& dﬁca Slagﬂluﬁf 1tr1'lé biers ! f e3rred t O a_s

" ‘al kyl ;" "Suitable al or-exanpl e;
st r YQIF@ES aeehl%kmrﬁgldenecomlmof duffchanit emc:mmnin trese alaskeoof et hyne

 synthetic polymers. The oli igomer that is subject to the analyucal methods described hérein

20  will have a number of residues that is typical of their naturally occunng number. For

25 . rmldues

30

examplc an oligomer that is an olxgonucleotlde can have hiindreds anid even thousands of
resndues Slmllar[y, a’protein will generally have one ‘hundred ¢ or more res:dues (though the-

sequencing of smaller fragments e.g. peptides, is also useful). An ohgosacchande will:-

_'“typtcally have froin' 3 to 100 sugar res1dues A llpld wm normally havé 2 ‘or: 3 fatty acnd

"As used hercm the terrins protein; peptide-and- polypeptlde refertoa polymer

- ofa ammo acid residues. ‘The termis also apply to- ammo acld polymets in which one or morc '

' "ammo acuds are chcmlcal analogucs of cOrreSpondmg naturally-occurnng aniino aCIdS |
;mcludmg amiiio acids whlch are modlﬁed by post-uanslatnonal proccsses (e g, glycosylatlon
'and phosphotylatlon) '

“Protem ,-a8 used herein, means any protem including, but not limited to -

.peptldcs cnzymes glycoprotcms hormoncs réceptors; antigens; antibpdies, growth factors, i
etc wnthout limitation.- Prescntly prefeired: proteins include thosé compnsed of at least 25

EETIEE



groups. Branched structures ;have a branching motif sim l18rAgrip2065r opyl ,

t-butyl, i-butyl 2-:... 30 ethylpropyl, etc. As used herein, the term

enco asses "substituted al kyls," and "cyclic, . alk " Subst itilted. alk
@PY0¢6352 5| kyl asjust:,da critied jucluding oneo*crlfﬂls 14995

subsfltuents such as, for exarrpl e, |"eral kyl, aayl,, acyl, hal ogetl. (|. Y

h aiﬁ?‘@l\% Whid resfdud; arlnﬁreyreferaﬂgr %Qeaépﬁ ltm%g%mvl@stggésl&lﬁ@%ﬁgnagyrym“ 9951

Xy, am no, am no, acyl am no, thioam do, acyl oxy, aryloxy,
arWtcboayaS&g«hmoamdrreamee, thra aza ox0, both saturated and unsaturat ed

cyclic hydroq Ser eteroc n |

attached to a @"r tlf‘)tkr’lrsd? a§3 Gé C(E tl‘p?l?nbkll%l? %Qrsﬁ)&eotg{/c?&%gldnd?l onal |y,
the %ﬁteﬁrt@%éﬂﬁ:r ﬂﬁMuélﬁarﬁlﬂ@d@rﬂis ill@ﬂ&tt\@ly refdreednaks & polyphstidel Whercthai n. 5 The
term "ar s used herein to refer to an aromatic, substituent, which may

Sbe amisp ngllde argropainacacidsngjthsr theu- pptgqablsamsﬁart the Droptisal ispmencambs’ f used

t | t | h
r ri ‘g’l“ay Mﬂglon lﬁ%’et"ﬁ?‘ltgrﬁgarﬁgme iﬁis , xmg rﬁfglaﬂl&rﬁmglg&%ﬁa&ag aliz oabe a

: carmHarh i al: ﬁgm'aﬁe ﬂe@mamemhomei aﬁfhﬁ alaldami’giylbbb eruhegthe)) oray-isanedrL Tae phenyl |
napht hy I phen | pheny met hyl an en n others. 10 The
t er HPMER e BBS efermed - Egrg aepgip] fe"éﬁ’i”d“%@@@‘f’fafz‘rz’d 10 (HEMISTREAND, | ¢ it od
ar ythJPl%IAﬁ{I{ﬁYb? AN A%?Dsl PEbTIHES Kb PRETENGS IB) AW EidsteiaCeds,, Mas®er € functi onal
groups suc ower al kyl, acyl, hal ogen, alkyl hal os (e g.. CF3), hydroxy,
T Bokkcr,alﬂeml(ynrk@LW’l@lﬁfﬁ])e acyl ami no, acyl oxy, phenoxy, rrercapto and both
__saturated and., saturated C C|IC to. the
aromatic ri ng(P§? ein eqRg eS8 &% %re?rigq | na \dgz)ltnﬁgu&%gﬁ‘}r%kﬁ&%rtoup such
a NMRh& WS AR ackdd¥pRERIAP b Phitial Q'&Ifﬁelhdelﬂflartgotgrmu@ prefgrredPSD ulztmdas car bo ny

such as in cycl ohexyl phenyl. ketone. The term "substifuted.ar
enc@alﬂbﬁ%%féhe'"é’ﬁlm‘l‘lctf@t‘%&"liﬁvi’%ﬁ l?%’?' °leI‘Fe‘"l’%‘rtlﬂ“Oara§}l'%H‘%‘§HI‘y eqvatiye¥ff herein to
ref ghet é?tﬁer%U l%tn of "aryl".in which the aryl group is attached to anot her
'group y an a group as defi nedherein.. 20 " Substi tuted aréleal kyl "
18lef i nes .a subﬂaﬂt teofl “ﬂrsqlmbmdmge@eag)ylfefew@rt@W%%SP%%EQ‘NCE@ aryI group
|s at.t ached p y The term
TR 5B RO Bl BB e iDOHATS WA ARRE L, T
aI kydccdtﬂugubﬂtel thedrg o f edldeivity) of the energg nbateiditateada anglbusapaddhtoritsd her ein. The
term "hal oge I.s used he er .to f Lne |'ori ne and
25 °°‘l“‘5’(§l‘%é° aleer'i‘t“:leqfﬁe%ﬁ'%ﬁr‘r‘f’dlcaﬁt'h Wr‘cd%lc§8;r‘ @M@&?ﬂ%ﬁ‘rﬁel errent sin’
thelgy}f)l odic table with

200 . . The term “deconvolution™ broadly defines: mathemattcal procedures and
. ~ algorithms for recovering mformatton of interest from data that contains. both random and
3 pCl‘lOdlC noise; or which has been otherwise, obscured by the interaction wrth electromc or -
' physxcal collection methods o e ST )
| * The.term alkyl“ is used herem to refer to @ branched or unbranched, saturated h
'-25 Cor unsaturated monovalent hydrocarbon radrcal generally havmg from about l-30 carbons | e
~‘ and preferably, from 4-20 carbons and more preferably from 6-18 carbons. When the alkyl '
group has from: 1-6 carbon atoms, it is referred to asa "lower alkyl: " Suitable alkyl radicals
include, for example structures- contammg one or more methylcne ‘methine and/or methyne o
. groups. Branched structures have a branchmg motlf srmllar to i-propyl, t-butyl, t-butyl 2- .
30 .ethylpropyl etc. As used herein, the term encompasses “substituted alkyls," and “cycllc
.alkyl » ’ _
"Substltuted alkyl" refers to. alkyl asjust: descnbed mcludmg oie or more
substttuents such as, for- example, lower alkyl anyl, aqyl halegen: (z & haloalkyl e.g; CFs),”

- 16



atomi ¢ nunbers between 57 and 71. The term "hydroxy" is ukSetlpdi@0esn to.
refer to the group The term"am no" is used to designate-=-NRR , wherein .R
and R are 30 independently H, alkyl, aryl or substituted anal ogues

t her eofwohﬂmsm" enconpasses "al kyl am no" denoti ng sec&gﬂq@x iQd tertiary
am nes and "acyl am no" describing the gr oup RC(ONR . -1 Ag 2005 WO
02/ 066) 52 PCT/USQ /499-51 The term "al koxy" is used herein to refer to the
=3R @VGE%)’ ‘WP\‘E?’@URXVSHW)GI#MWO am'mnenb@amdn edy‘argala@guey,tdaﬂbgpjlkyﬁw t abl e

al ko Xa et hox t - but oxy, etc. As

used)&yheé%% %L’%? ?) glr) Lnl{%%br mt % ggﬂsapggt% Qﬁabtd%‘é haterocyales | i nked 5

to arod Herlikgr ffhrneermestﬂav Hehltt@ueh tcampawtﬂnmaéuemtuémloﬁrtﬁ@ﬂ@m&g asses

"subst tute@y IOXéSr m)getles in which the aromatic group is substituted
élbcé may

as d éiftf%'é fiBerdeptirm. ofriplegral fo, thaalisylchainy| oxy noi et i es
i icl ude phenoxyhe &Hhsarzt U Ak AREAR Wrefer (9 SDZHnENY suﬁ’{h‘t%gcgkgx fﬁ?éfa c.

used._herein "aryl oxyal defines aromatic groups a ugh an 10
oxygBf 28ingla arematie ra}gmm@flele@rorazy-cdergs mebichhare dised td'gmhctrelirﬂaedar yl oxyal kyl "

eNncogpai Kyl leties, i.,n which the aromatic

gr oup |s§ﬁ%bsrtllﬁ%g§té)ldat%gﬁﬂ %')ré!ugé%& )'{’me‘t 16%¢ P5 Hdgnempjety. Be ysed herein,

the P@mmohrhakmg[gtmip nakf dlsvelse mrmxiyes rafbehhq;hg&n@r qfhe%éMgﬁdJﬁ S)S R wherein
Rls ryl, or. hbeteraqc i C as descrlbed her ei n. he. term
"sat trjdrjg &/e)P thfé %\?b&'&gf‘%‘S i, %‘8 lracty denzqphignene amcmg @&m‘sopr opyl ,
byl Bhsterin"asyy Cloapapisyds “arytilk raamuwnﬁreutamed anal ogues of these
structures. These.c cI | c rocarbons can be single- or nulti-ring-

structures. Thetbgt &toe?ﬂyl@,?dlhﬁtée#w@pd)mhbmgom@omad to descri be a

© MONOKREERal ef3RPs &f t, one ol| ond, such as

- cycl oRent eng. Ei/c cggiogﬁergrkgvucw % %rhdilﬁﬁl%gltols {& d@yﬁ dg‘&}’egmt‘}?er eof .
Thesal eysc|alkdlarwm,@emmm¢saqymybphamglmrcmomuitothrshmeatsd mdctures. The term
"het gra aromatic.rings.. in which one or

ﬁ{)altbd cy<ie (?r ar$r eIw el el El m
nore. car HEdrggarbons which orsdised £ the @esgmaticaingss) hinked coyglentiyier er oat om
B&Jc hlisted to atcmogﬁﬁ Zrovp$geHasy methl feré ar étﬁ&l@ﬁ@é“rb}@ly r ek Elidkih gfotuwﬁ)w es that.

na 6 single argmatic 25 rll?p?l mul tiple aromatic ring or “one or nore
ar onfit? B° # FHBYE Sishie an exsiahsry cmd#etonenThemﬂﬁsmlrstutumg@g)" In structures
havi ﬂﬁ:oﬁ‘iéhisb@sﬁbitﬂuﬂ&ﬁarytah&d Rl ngs -can be fused, together, o
The term * arylalkyl" 1s used herem to refer toa subset of aryl" in whlch the o
aryl group is attached to another group by an alkyl group as deﬁned herem
20 - "Subsututed arylalkyl" deﬁnes a subset of substrtuted aryl" wherem the
_ substrtuted aryl group is attached to another group by an alkyl group as deﬁned herem B
_ The term acyl" is used to descrrbe a ketone substrtuent ——C(O)R where R -
1s alkyl or substrtuted alkyl aryl or substrtuted aryl as deﬁned herem _ |
| The term "halogen rs used herem to refer to ﬂuorme brommc chlorme and-
25 "_fodine atoms. ' o '
The term “lanthamde serres refers to the elements in the perrodlc table wrth

. atomlc numbers between 57 and 71
B R

. The term "hydroxy 1s used herem to refer to the group —OH
. ' The term ammo lS used to desrgnate -—NRR’ whercm R and R' are
30 mdepcndently H alkyl aryl or substrtuted ana!ogues thereof Ammo encompasses

' "alkylammo denotmg secondary and tertlary ammes and acylamrno deserrbmg the group
RC(O)NR'

SR ,
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| i nked covalently., or linked to a common group such as asgmpringbeme or
ethyl ene moiety. The comon |inking* group may also be a carbonyl as in
phenyl pyr-idyl- ketone.. As used' herein, rings.such as thiophene,

pyri Y@eGsBxazol e, phthalini de, pyrazole, indole~ fRCAASO4YSbtc. or.’
benzo-fused anal ogues of these rings are defined by the term"heteroaryl."
"Het eroaryl al f.. " ViA | ky.l. group,
as defined hié&/eetle(l;lhii F E% ls lilg)%rec(rﬁ{)%ry 3?3'3‘{) t:())R Sﬁ e‘?“éggﬂ‘% 18 18

Apr atky2@Pa siiairéDatitcptc M%B@urwﬁﬁlkomhﬂiaalmehhdh,etoe egangle,’ refers to
heteroaryl as just described wherein the heteroaryl nucleus is substituted
wi t methosy.orthoiys EbRIGRY ¢6nal groups such as | ower al kyl, acyl, hal ogen,

hal oal kyl (e. Y, “ p Ve no,

acyl oxy, ner c’gp 3Reet“z':lﬂ é%%%msub’sdt}L tg?h(ﬁgiﬁlglngéggeé 6&% qﬁgttﬁggg%?rmt ic rings
$UucCly afotifer tghmpph@aay tppighdamexy geaaxaa oThjs hnteatompakses fopbstitaded, i ndol e,
furan, etc. benzo-fused anal ogues of {hese rings ara%odeP ned by the term

I

"sublsdQWutf@detlfét“el”G&‘rWl‘e afo“%’&sﬁrpt‘&lse‘iﬁ‘bﬁé’t‘@ﬁd‘ér‘k??%ﬂw Yef%rs to a subset

. d. | kyl group, as
def w@%ﬁ@é}ﬁ, TN gﬁ?ﬁ{lj "S‘Zré’%ﬁﬂ“&?‘ggé’ﬂp&y’@aﬁg? [E@P%hpﬁylo The term
" heb&izgtoxg) pliencthslobtgedcherel n to describe a m)noval ent saturat ed or '

sunsaturated non aromatic roup haV| g a single rin b‘tﬁ‘{“lﬁ condensed
rings, from 1Aiﬂsedc‘£f’rff}8na oM Foypt tt&)chg thequgh ap, -

Itr , rApassds€ for
Qxaﬁ%?géﬂ a{o ra y:gﬁ%l %{)xﬁ%%mrpﬁd Pfltr?gte 'g?gpgfwsﬁﬁgogﬂlﬁfgl}{%l ne, etc. 15 The
ter r'rgubsmb&tjlatylbmlk}ftt mioixtiys id whichsthe sethatiergroup tesubstitoed aa dsadn@edl of
"het er ocgcl ic wherein the heterocycle nucleus~.is..substituted. .with one.
or fred %lblhl groups such. as:lower alkyl, acyl, hal ogen, hal oal kyl .
(e.g. hydroxy I “ XY,

(€. 9 oY 0w B Yol By - morcptor ekl BE Wi i
" hetesoQy&hérein ml’beﬂealkyamyl (ﬁ(headrbg/yclrglaodpscrrbad hdafm ned herein, links the

het er ocycli.c %roup ‘to.anot her. gwo term  "chel ate" refers to the.

18§t rongly asso l‘%lqull‘e Sb‘l‘Fﬂ!‘?"r@f",“c d&’“?f@f‘al"ﬂ‘?f“ grvpsarchs hetal . ion to a
subsg Il Bleaeh! &c: hese . are
a1t ShABbrRY SyIBRY xR, S o SR T ANl S ARl e

l nvmnbsccnycneaydleearhmnsasm Srrtg}heatrrmnatrmgcstmtdred for unproved
The term unsaturated cyclic hydrocarbon" s used to descrlbe a monovalent N
-non-aromatrc group with -at least one double- bond such as cyclopentene cyclohexene etc.
20 and substrtuted analogues thereof These cycllc hydrocarbons can be smgle- or multr-rmg
: structures | ' '
The term "heteroaryl" as used herem refers . aromatrc rmgs in whlch one
E or more carbon atoms of the aromatlc nng(s) are replaced by a heteroatom such as
| mtrogen oxygen or sulfur Heteroaryl refers to structures that may bea smgle aromatlc -
25 - rmg. multrple aromatre rmg(s) or one or more aromatrc rmgs coupled to one of more non-‘ -
’ aromatlc rrng(s) In structures havrng multrple rmgs the rmgs can be ﬁlsed together '
- lmked eovalently, or lmked to a common group such asa methylene or ethylene morety
| The common lmkmg group may also be a carbonyl as in phenyl pyrrdyl lcetone As used
hereln rlngs such as throphene pyrldlne rsoxazole phthallmlde pyrazole mdole furan
30  etc. or benzo fused analogues of these rmgs are deﬁned by the term "heteroaryl .«
| ' ) "Heteroarylalkyl" deﬁnes a subset of "heteroavyl" wherem an alkyl group.

defined herein, links the hete_roar_y_l group to another group.
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di scrimnation of |abeled and,.unl abel ed. nol ecul es. or fr atBRpiiIL0d6

nol ecul es .in-themass . spectroneter.. .This. nmethod can be, used for

ol i goner sequence. determ nation and' for 30 increased conbinatorial -

conpl aw@ bvyecedrat . can be. discrimnated: in. the, mass: spEEt/oson«99s1T he: a:
present. nethod is practiced by |abeling-,the-term nus of a.nolecule or an
oligomer with a |abeling. reagent that: incorporates. a nmass .defect and
di scri mi nat i ngSubstituted hetesaagyl" refess te deeeparybasijgstalssribed 0dBrapmtig?/ 066952
PCT/\USO 1/ 49951 v a.... . |i .label ed no ir her, _unl | ed
nol el&cgqr%ry ‘g?"ci%‘ls ésoseqbcsatamgeldi ‘5‘6‘?18?6 T %(g)rn@e n?‘ gH‘%”ﬁ’? gﬁoé'%gﬁlgctsh agé%‘?:’?rrﬂﬁfl’ I n one
enbogtyTaloged, aRRIaBG1 (. IOFH! Bydroyy NeninoHk0E hikylidinbNacylabias! > | abel ed
oligoner fragnmented in either the ionization zone of a nmass spectroneter
(e. cacyloxy, mewapteeets ddwentubsiitvied agalogucs pfcheterearomatio pingesuch@s o' MVS/ M5

oubRs oot hdidele. PRUIERE, PRl Brid JCaFRBE0NE: onc.

| abeimambgaés FANBE FingRiré e fmpd b erd ead substinaedBéeivaryienpl ate or _
‘chenol ytically or- enzymati-cal @Iﬁydl gested to formfragnents that conprise a

sequencing 10 Pubsiigied heteeparylalky k' mafpieta & subset ofgsubssifusest heterapeyh] asy
i denkj fied in.t - di f i fect of th
| b edestopi abfd R Sn SRTELIAR, b Skl hercid, el B AReroRBEBUBIGT L °f - oy

unl aswetird gidupgoners and fragments by their unique mass signatures in the
resul ting mass spectrumand are deconvol uted from non-1abel ed ol i gonmer

It agnent s and Thsdenes "betergeydlice és wied thergir to describe p spnaualent satyrated or

cont am ' 0] i r agl - by -hei: o ce and/ or
i B orlleb R bt viog AL Bl bubip cood R ek AT O

sy st @fbdrSatolas thdftoinhied ak@edatdhnzdlatat fromaiitieger, kel firadrtoly pérywirthintthe
sequence determ. ned at successive residues of the mass.|adder. In sone
embotingredich hefaspeycles pig dexexagnpie defnglydspfpepn; marpkaling hpigeridipg.n for a
puriHrFocfidlin%b? ed protein, yielding a 500 to. 1000-fold nore rapid nethod
t han"“current / M5 protein sequencing techniques. 20 In one enbodi nent,
the | abel ed ol Tgaemi ‘Subgtitetel heatogyélictigrmsedlibrein desveibbda psetadl | i si on.

i nduged di ssqci ati.o

I _ )Ci ¢ (C1D) .. CID can be:dccaonplished in the ionization zone
(6. o elerpy st it e Hrlerbessla Tuglei BioP A OUHOT G REr P pact it

NON- Sl KTBK 2RSS alkcyl, By EHIGRE, hGulkIfe. GOCK)ShyRltoxy; 4ARR; alkBkef erred | abel s

lead to increased ionizatian:effieiency and enhanced volatility of the
r es udlkylaginoassytaseine dcplonr mercaptgmat i ons, . rekative to the . parent '25

ol i goirer, "t huspjTRLOMi. e avanalk detect i aRmsensit.iw Ly.r.er.ef erred:
| abel s i npart SE’;tﬂeu-n-i qﬁg@o%@gﬁgﬁgﬁgﬁx&%g Slglgg'{t"ﬁg '%?%g%%‘%ﬁs&"}t{%‘”ﬁﬁﬁch t hey
20 e. alkylapirgcas definad pereiri, tiuksihk yietorefelic goup t6 another group. -~

. The term “chelate” refers to the strongly assoc'iat.ive.bi-nding._.of ametallic

element or metal jon ta-a substantially.organic molecule:through non-covalent means. These
-dre altematcly-*kno&vn;as arganometallic:molecules. ' ' '

. '.'ﬁ"'-" .

35 General = -

_ - ~The present invention resides in amass spectrometric.method fb.'t{-i_m'[;)roved
disér_imir_iation of l-ab_éléd and..unlabeléd.ﬂm].é_éulés.or fragments of molecules -.i-n-the-_mass'-."- '.
.spectrqmeiqr., This method can bg:'-; used for oligomer sequence determination and for L
' 30 inércas-ed._ combinatotial complexity that.can be disériminated: in the mass.spectrum. . The.. -
. present: method is ‘practiced by l_abc-lingiha--tgrm-i-nus of almbléculé-er an cligoﬁmer;with a.

. labeling reagent that incorporates a mass defect; and discriminating .t_hc.éresulting-,-;ﬁass defect -
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enbodi nent, the unique mass signature may consi st of one 18ApmMb2@0%I| enent s
I ncorporated into the- |abel that-contain a nuclear;binding -energy that
subst anti al Iy differs fromthose of the elements associ ﬁg 2 with

t he. &YQ B¥MEP2r esidues. (e.g.,. C, H 0, N, ,P and—~SL VUi idem «. 30"
enbodi nent, a: m-xture of isotopically distinct. versions of a-label may be
US §abdlemblee®18E Fivm dvhédurldneledehdéina ahuhbelad eligfmdrfeagneats ihithg

i sotopi c:pairs to deconvol ute peaks of interest in the massspectrum In
andngsspededi nent ; . | abel - anal ogs that differ by.addition of one or, nore
met hyl or nethylene iunits,-and/or isotopically-pure analogs (e.g., D. vs:
lii or ) may be' used to uniquely distinguish peaks of interest in the
rrass spect r unin dng esrthotllmqmd@bréfrd Q(EO!IIGFSAD?){ be @G@@W@“@Wtbﬁm )

149951 enbod C nmers,
a{dh”j%gl tefnr M“}?& %égg%vo ‘3‘9‘4?%?#3 aE%Sé)Ie d&Jnth ' Sr;‘g or fragrrents
by dolRie fragRRentatioh) cfntm tH'd’lﬁ)lB@quedlk:@fmsmhsnmtmgmmem\d)usmgequenw tag.is -

pref erably constructeéed frqomthe | ow nol ecul f mass
spéﬁ?ﬂ‘ﬂ'ﬂi’?g{%‘ algerhig todriermrngbe tamupal [5‘?‘1“8’?“&&“??0\,%@% &t}’ggfier absol ute
”ﬁs&dagﬁ Yhéthdr en‘{’ood.ﬁm ﬁBél@d Bﬁgduh&s ffgve Bﬁitﬁ&nze!i Brobilg &aﬁt&e@plaw ot ei ns,

his advantage Wi l| include resolution of° Q.and KreS|dues fromthe

r esen dhlcmgl)dtlaitibr edemplatl@ﬁél}’fdm&g@ k@ @mﬂmﬂ!@ﬁéb‘!tlc@ﬁlpﬂﬁe APCAUBRHBDY | at e | abel

for h|s ue r |res erirst, the
tendere PERH e Ptref AR IO WAl el (LG pcbeh Hoefinel | 51 1
Of dnh&r&ﬁal:ﬁﬁ@@l&ﬂmt bhsheI&blaelL@ebﬂehg&nhyrsah&ohgnnmt&mmnmmque mass/ char ge
(m z)._ 10 .si ture ( mass, def ec i.s distinquishable.from an
(i Geieatiaish Rgomisriabetiseme™ fa ot oy Bt phifes Wi SEPLERDRLES: the T
ol | BeRhg RAGKERBGuAand afd RIS UM RAGhIRIEIGBMCE frapb@SBAES that may be
present Tn the sanple. Third, the |abel nay also carry an ioni zable or -

permkemswaqeé ithele dorizasion sasisandconmingtingplieamarsiaod fgsments by

i e jon aresidues. 15 In
{'o% 'aEf {J %ﬁmd%w% a%lE@P u?lq{']g%uges aﬁ%ﬂgﬁé&@gg‘%igﬁgﬁemnt (Schm dt et
at . cundfla@d r381£iﬁé systerhys dsed bQQlS)e) z)lgorithm tp steetienitine/cantainsy oﬂthes mass def ect

el ements t resent a nuch.great f?ﬁlg fference ﬁ‘f{ shbroader
ut i fqapgncee guccessive fegidlies g f é“as§ % 4G 9BR CBROUMeR yﬁ S9r oup
Cr egioRessds m&&pﬁg{&% 165 tfin 103 P pifAd 1bA RokAf Libldihgm 500 eeNt . |
over-that. of 5 aryl F substitutions. A singlel on. an aryl. ring

( CoHA0-fodd orsi nagidamethod thmﬁbtrgqftl\é%f#\é REgtein WUQ@@&%*WWAW This is 192. |

pmdifferentyf r hleft
' (geteroatom coﬁ%%‘%ﬁé\%%gﬁaghﬁghr% 6[9?‘%% 9 15 1 t"HO]ﬁpghgat 282 974687

amucollibion afdmcm dissaiatigh éCHDJ)bﬁIthmm@mcmnmmdm tlndnlemzatum zmeifeg.;t hat
exhibit a (g[ ect O%| @E%gh t hat .of tvgkh lat om casréunber s between 35
and' H“ 3eangoy CTGERY SRR Y nogroligeme] gasey oy evel ) to a
_tot ﬁlﬁfodﬁ@e'ﬁsto e c&hﬁ&lz&i@l Pfréférred labels lead to increased ionization: efficiency and iy

enhanced volatlhty of the resultmg labclcd ohgomer fragment 10ns, relative to the parent

'éS ohgomer thus improving; the overall detect(on sensitivity. Preferred labels lmparta nmque __'. S
mass signature to the fragments to which they are. attached. In a particularly prefctred
embodxment the umque mass signature may consist of one or more elements mcorporated ' |
mto the label that- contam a nuclear bmdmg energy. that substantlally differs from those of the .
elements assoclated with the ohgomer residues: (e £,C,H,O, N, P and S). Inanother - . -
"30 embodlment a.mixture of lsotoplcally distinet; vcrsnons of a label may be used concurrently -
with the relatl.vc abundance of the resulting isotopic:pairs to- deconvolute peaks of interest in h
" the mass-spectrum: In another embodiment; tabel dnalogs that differ by addition ofoneor -
.more methy! or methylene units.and/or isotopically-pure enafjczgs’(e.g., D.vs. Hor GI) may be
~ used to uniquely _disti.ngixish peaks of interest in the mass spectrum. In still another
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-25 any conbination of organic heteroatoms. Two sudB Apriep®os s W | |
exh|b|t a discernable mass defect to a total nmas of 7,782 amu. Three such
el enents will exhibit a discernable nass defect to a total mass of 11,673
amu. AVOermEd™Yely, single, double, and. triple additirmusifi/4bosi(or an
equi val ent mass defect elenent) can be discrimnated fromeach other to a

mass. resolutlon

30 TR TSR AP ARl N PR EE. HPUEIE o by D eeartp el

I den&bﬁql UnBdbeRa oMizomBB ¥ fdBhans by Al Ras IR CThESeqRénck 'R UHES o nRP I
determ nation of the oligonmer sequence : from |abeled oli goner fragments

i n t¥rQuenpgdag ispseferablyponstpicted frogp et oy modecatas Meight enbokthemasal ' data  f or

o cHPep i frogla A S E0 83 BB e R b S04l Gor £

s e sathlombret faci lenseqeentmgc Ilmthg eageatf] ipooteihs tthis ativdnedge ovild inchmteaesdlutiognant s and

the .relative ab da ce . of. th sul tj eaks to rank all possible
ol i ggr?é’p?éécdlﬁlé'ﬁ% om (e resylt éll%c{? PERY ‘l’e\r/%‘l’gd'elngoki ng) ranking is. used to
el imnate SeqUEREQsSecASn SLACHHPEIpYiale1HBED Esrhis Alchkiglé AlqRirkLedndideamiage found
I 7 the mass spectrum In a preferred enbodi nent, chem cal .5 noise s

sel eghseyerrl et nkist \}B‘H'aP?ld?TPﬁefféa%S@“%eﬁﬁhﬁmSBNWﬁthﬁ éragmentation i cati on of
t hé th
€ corafttiRRor iR mégséeohbrmc 8L df@fe&h?ﬁ’dl%eatﬁsﬁlﬁn%fée n%ﬁ%gg& ll“ﬁlﬁ e

~current algorithmis robust because’it can ut human
it esigeatvticdo.g., asimasedefees) thafis dstlagtaslabteuﬁngn anyuxpabeeadtohgomerﬁmgmmts dentify or

- qualif r ective sequenc ea. e mass sp anpt her
- oot BRE LSRN P ST nirhet ot E: o ianies enhrieq B hor
qual inbieedlebhal fray Bepres@x irsthe sasplen Taird ahahssiansf al0GSiyInSoRIZiKIOBET |
. sequences predicted fromsequence data, particularly one. limted to the

or gaPfireRneqtlydanigel squp Feensye M@gnéatam RIPghsgs high- aawiane@ i ment, t he

hi ghggfudt RUKEShRSQELRARIROESHMIs! i ties can be further qualified by the
separation coordi nates of the parent oligomer (e.g., isoelectric point and

kol ecul ar wei ghtcoofmsta) lbpditnetﬁdn)ltlhwwfﬁrﬁlatmasmmemmmldw al.15 The
CUrr gy 9 é/‘%l’éeardjg&n d?&ﬁ))gﬁlec gs%nt .E en%n ! 4Gk 8 ”E%&t enée%@gl Qr%’e'g@be' t hat

have a nuc I ng erre l’) t hat
rmvemutlhgrems ehasd difflvencd amhellustbmoaileumllqy.eFmBa@mpmshlsm@le ibdinthe spectrum t hat

‘no ot her...stochonetric canbj nation of t ot her el enents, may.have. In
" thi ss‘ll?églt““l"éﬂ%la‘éafyl lgliﬂjl‘rﬁll’f‘és ﬁ%%ﬂ%@teg&lp%r} Hl“é;l‘loﬁ‘@@'?@ Al om cheni cal
_NOi SnBekridi o0& HALES LAY PMIbILAIRS. AGHHEIETHh an MEMPIGIGD edilbibsquer
relative . .20 abundances,  and when.present in nore conplex sanple nixtures.

A0n anldncbnsmnp:ctdmss aemwsemm. Usieds 192 dpet thﬂedsant’rmhyhé noseEst abundance
| abel e frao%rrefn % produce various . .-
com inati stable lsotope a eroatom-contammg orgamc molecule _
[IZC]Q[UN][IGO] 5) at 202 974687 amu. Therefore a smgle substltutlon of any of the

3 elements that exhlblt a mass defect S|m|lar to that of I (r e, atomlc numbers between 35 and -
e 63) wrll yleld a dlsccmable mass defect (at the lO ppm Ievel) to a total mass of 3 891 amu for- .
25 . any combmatlon ol'm:gamc heteroatoms Two sueh elements wrll exhlbnt a d:scemable mass -
defect to a total mass of 7 782 amu Three such elements wnll exhlblt a dlscemable mass | B
ax. defect to a total mass of 1 l 673 amu Altematlvely, smgle double and tnple addltlons of I
' (or af equlvalent mass defect element) can ‘oe dlscnmmated from each other to a total mass
5 of 4, 970 amu in a mass spectrum wuh 10 ppm mass resolutnon o o o
. _30‘ o .- : The present lnventron mcorporates a robust algonthm for the ldentlﬁcatlon of |
. mass defect l_abeled molecules or fragments and determmatlon of the ohgomer sequence from' '
labeled oltgomer fmgments in the mass spectrum ThlS algonthm searches the specttal data '-

for all possnble ollgomer sequences startmg only from the mass of the label Wthh 1s. known
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i oni zation nmethods (e.g., d-, and w -ions produced by pr digeAprii 2006 . . pept i de

fragnentation). . The use of mass defects can al so be appl led to the

quan‘vébg&%gn of the. relative. abundances of the sag& JF;Lle obt ai ned
WO Or."' nbre sources iri a nmass spectroneter trsee or exanpl e,

WO 00/ 11208, EP1042345A1, and EP979305Al1). Using this particul ar: .

rretmcm)%] igin uses| takiethe aRiss bectatdeaatie df tlanbealadaiigpmdrtedgnitnfstand shef r om

t he | abel s by the replacenent nment. with astabl e i sotope

of one el

of Telative uadense okt resiing M Rerks ‘Odﬁp'éé{llpéés'b'?P BEPAUBGFEA * The
50% atﬁtgfomlmqoau @sgusng idRed BPElihRAERYudREs 18 REENR AlBLAaNCe  of
nol ecu r the |abel's from each source are quantified in the nmass _
spelftoenam rébite8aredpiridn ¢ massopegeumalea peeferred anbadimgat ghatiiesler ent i at e

"t he. I‘ISI e I r Modi fication
of 'ﬂlﬂ%& ﬁ%ﬁ%&ﬁw 9°'l¥8l¥r"%c%ra Al e onaggoggrqrrﬁ?'ép'tr'r&a@g &Zﬁcm& tr‘r%nts into the
| atb@huéiﬁmglalgoﬁtlﬁﬁe[mhképx@ums séqubﬁahgalgdnﬂuamhe dument elgotithimig- | | bel ed

nol ecul es: | abel s laced .;from an em noi.se: in the
oy st can mplmented whal Fagn inls Rt B 0 B0k 1 MHvE G | Aoons

8 rbShee AR KSdubAt: PakdinRhO fks§spe8@MANEA Ng net hods,
suc-pbglsénp}r?\?lgﬁtggd&nggs%ggdg?p sgebquencFﬁu (seﬁg P?JT publ lf:at I on WO 00/11208)
anchmtﬂeecmh@hmpntdhehugh@éq%récnd: swenefumﬂswﬂllwwmhe ﬁHﬂU’f audiftedtivcat i on

! ub'lhl"b ﬁl"f’%ﬁ& 'W)dééj’ ?f‘fgg %’nmggﬁwﬂgf [Sseilﬂg%teg ed g?edleéeé@t?s Z%rﬁ;%?a%ﬁ ?ngc-la-s

Sp‘aliﬂu&lﬂdl)hﬁfeeimtedaamealrgmnhﬁ fieppivhixd the oDptmararpsmbtained. iatahaitier by M5+~

“outlined in U S Pat 5,700,642, 141, 58 and oA
6, 19abodamentge hjgh F‘ilr”l"l?f@li Se‘ll‘ﬁ‘s‘%*"lf?ﬁ b'f“eslcéBQFzﬁﬁ'eég“ﬂb%e&% E‘d herei n can be
usegphQiseERrdThAEs SMBe PAUHENERNRE (9B, d8REER Pofhe Snd BttétuladSveldh€of
gl ycosyl ation pattern of a protein). See general nmet hods provided in U S
Pat protdigsand/op ity 0ONTME OTPOSIt®e7, 984. 10 Mre broadly, the nethod can be
sed to inpr !
nguant I ficati E))fr'lheeocl"pr%“t lg‘(;GQIIE'OB &c%%ﬂo?%eé? gf@%fe esl%ﬁ%[f:&égﬂ tg\% epaglat ural or
' Syhdveatnucleafbindinglt emgy (Iﬁ’tcn acfened talef £oiasd dadfedt) tbatrmbeesctbe/ mlasmiﬂtlye attached
. to @ termnus of t

rrer The.j nventj o al so be, used t he
S v el Ak e FEHioROR U sobafalt (U Ae A AR Press o P SIS o 1
ChegpheRblemBREMES hiveO I tid $8Y AMiel &P SRSnLS afeqwue leagly dib@igaistad frole -
coval ently attached to these_ nolecul es. Exanpl es incl udet. di, fferent I al

(di ehemyjeal noise and mawbe dgteqted with enorg aretsag when pegseiig lowgraelalivnt jal - -
UC?Ausﬁtd gs aﬁ@wé Rsert i dﬂ Llstee&tﬁ Ex sﬁﬂ&%%&é"résd‘in%@ﬂn}ﬂﬁ'tﬁe nfditbier ential

.anal ys 'S and .str.uct e det'erm nati orr of. ' unsat urated and _
br acmﬁmixse(htotl;elp gentdfy lowérnzbdndanat ylsnebedafmgrmntamodumﬂbydenemsm nation, and

?gtslolafﬁg%torh@athﬁa:sa{ﬁl HY, %ﬁ% d %n‘é‘BPodu%é‘é l)il) g%tergra]uqd Sgp e :}g(r)nreln altronI br ary t ags

The use of mass defects can also be apphed to the quantlﬁcatlon of the relatwe

%)

abundances of the. same molecule obtamed from two or.tidre sources m a mass spectrometer
25 (see for example ‘WO 00/1 1208 EPlO42345Al and EP979305A1) Usmg thls partlcular o
o methodology, 4 label can be attached to an ohgomer that: drtfers from the othér labels by the
replacement of one element wrth a stable 1sotope of that element are added to the molecules
from each source “The sources are mlxed subsequent to labelmg and the relatwe abundance
of molecules or the iabels from. each source are quantlﬁed in the mass spectrum The
30 differenti 1sotopes are used to umquely dlfferentrate the peaks arlsmg f'or the same molecule
- from each source Modrﬁcatlon of this method t6 mcorporate one of rhore mass defect _
' ::elements mto the label can lmprove this. quantlﬁcatlon because the resultmg labeled

molecules or labels will be dlsplaced from : any chemlcal IIOISG in the resultmg mass. spectmm
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. 6,056 ,926 and by Brenner, S.'and R'A Lerner, "Encodedgcstrroes ori al
chem stry,"" Proc. Tuni ng first to the nmass defect |abeling of nucleic
aci ds (e.g DNA or RNA), rrd Sci: (USA), 89:5381-5383(1992)). reach of
d;gzt, ¢6@s2Nos: 6, 090, 558 and 6, 194, 144 descri be howcDisusarsthesequenced
from syntl sized fragnents incorporating '"a unique nmass |abel in the
pruner sequence. Ini contrast; the' gr eent. | nvention @row d&\{s) t hat | abeling

i's carried odtheisyengoraarybe ussdiin conjlcHqfgvih profun sequghgigpethpds, i ¢+ i nt gui sh
the 'f;‘bej S AT deP sdahidli [aé‘&te@hfdﬁﬁuﬁlrcasﬁev.to 800 1208) hdlether Migpe ' © "

r oby§ Anot her advaiitage of the use of mass
def;ﬁGicid’l&Hh&xch@ giatifingtiong dod menm@qtmafm@hquewhtas arewfloved iMEiS4s t hat can

b to t | t f |
| 'ngsaa?%%@c@ o adeniang MLt O o a6 R’é?é%%ﬂﬁ% mtﬁ‘:gj‘%%g;‘g)e “Virere
e 1€ CSDNA. jugnciyOme sl et 345A1,
. I?B%B‘%%(a%%?i})wh%@ﬁ: @%{;tlbecﬁl? %&flﬂ at g gf?ﬁquul d S Me the &d X of uni que
masm W.SbRatentNnsd$.70R64 315, quall“aﬁ&P?é? i ‘3 M ?‘L‘F & 167 t? protein

bd {Pde&iniROME 6 &Mﬁ)b@isacoﬁ&@dbs@sfuchhese
ref@%r%dg%%gékp L A e o ey (. ant i ci pate

or - MBQbeysmenaﬂuantoi@@sotgmh ﬁe@gqs@raémq'ﬂ? épfﬁ%‘%"ddé%l afnp into the
uni ue mas;ﬁ]e?ggg Jurning next to oligosaccharide |abeling, EP 698218B 1
des .ﬁp@,ggs & | abel ed car bohydrates and their use in assays and US
Fatent Nos. SphbDprbidly e niethdil/caade usediesiopirtre thiyédentifieation (seauence abel s to

d h | h d
i Sdviouuigatian peavnhRgHOT 2R BRI SR P b B I g
the mtﬁc& ;\/Er%('%dggtﬂ?tq massBft Bk EG betovlentpiielchédio atcbenipusrgidises  of

non- interferring regions of the spectra are not
d| s b[yaed or appreciated., Thus, application of the mass defect |abeling

met hodol ogy descri bed here| [, Sentiflesiton oy rdidiResugar 10
sequence of a%gfé HYFRYCL LR ﬁogr ggé(p@?tqz%}otg&?%ntﬁel car b(())h)r/dr ate as

19es Qubktaratith &ﬂ?n?éllyﬁfena (Rj:hem(cm $p|&ct$ﬁ fmatﬂléfrmmqur@a,tnf@mdméﬂabF’ﬁé?a“ o
I hcor poration of a mass defec t he met ho
avaibe gbyalently ataghed ta fhese E‘é? 9N e@hgxgpgleiﬂ& ?Ud)g e n‘tffeFééflglg}i{Sg&g&ngss def ect’
g 'l ab ealtlﬁf{ dshdd %%Sacid‘adaiﬁlsnﬁﬂ&r&iﬁﬂcﬁdo@mtnee analysis: diffdoaitipdr at e structure
ned I n whol'e or in part.. by ITB.SSeS?dItIOI‘I fromthe.spal |l est

I abehaﬂtlfandg Mym sllfﬁqrblwﬂl fastyracid stﬁr?d‘dﬁﬁ}‘%' SHIIRUYEOL o lenci ng

et hods_ d SC“ ' heRraldcRrRsRod ahEaktdeatenent into
t he unfafyafed F?P%ﬁyfaégg lg’oﬁiat | %@ﬁd@s&l abel ed fra ments fromthe - .

ﬁ)herﬂuﬁﬂiy c'&ﬁtr&leapphcatlons and combinatorial library tags (as outlmcd in US Patent No.
6 056 926 ind by Brenner, S and R.'A. Lemer “Encoded combmatorlal chemlstry, Proc

Natl. Acad ‘Sci. (USA), 89:5381-5383 (1992))

) e Tummg fitst to the inass defect labclmg of nucleic aCldS (e. g DNA or RNA) B
mh of US. ‘Patent Nos. 6,090; §58 4nd 6,194,144 deséribé how DNA can be scquenCed from '_.'_-__ |
.25 ynthﬁlzed fragmcnls inicorporating‘a umquc mass fabél in thc pnmcr sequcnce In contrast
' the present mventlon provndes that labchng is camried out using on[y 1abels havmg a rass " .
defect; to dﬂ‘stmgulsh the labeled' fragmcnts front unlabclcd fragmcnt and’ prowde a more U
Hrobust: Yt sensttlve method Another advantage of the'usé of mass defectlabelsiis the
B mcreaﬁcd ‘umber ‘of dlfferent nuclcnc acids that can be sequenced n. parallcl i thxs manner |
30 "The advantagcs ‘of mass defeéct labéling (rather than a‘friore gencral labehng process) weie not o
| dlsclosedmtheeadicrwork RRE . ' e ERRCE R
S Similafly, WO 00/11208; EP1042345A1, “EP97930SAT; dnd U s Pitent No.
6 027.890, describe the tise of uniqiie iniss fabels foir differential analysns and quantlﬁbation '

of protein and DNA molecules between .dnffercnt sources. However, each of these. rcferances
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Turning next to.lipids, the fatty acid.conposition and seugsfi@oosn; be
determ ned by |l abeling the fatty acids enzymatically digested fromthe
gl ycigelozRg@kpone, where different mass defect |abel $ 4 fopRes|ed- as tags
for different enzyme digestions. that are 20 sequence specificC. In each of
the applications noted,.the.am no acids, |ipids, and nucleotides can
. befatlde anbgipatedr Wntn%tthoaevagmes—ol ingorperating hintss defedioemankintb € i n t he
art pically- distinct |abels are used for such. derivatization
of 'f‘h%%tl’e'tn?féoslslg%(gl es obtained or extracted from .different sanples, then.
di fferen. tial Tomanptreki maollgmamhaidaﬂalszhng,yﬁe6982;168florcsmd>cs tHeyuse WB. 25

h i nst th t f 1 nmsh defect _elenent .
i B cHRYBRc R AL EE ot sy D tent Nogi (00 TRt 4ol ool os

s I HEseliBethe GEEHT MRds 1ARISR deferinftt tﬁ@@ﬁéds%@h@ﬂ&'e seq@&HcRIbY MB! SvitfeqHE at e.
.- relative abun4 nce neasurenents, :How. ever, unant|C| ‘Pated in the prior

ar tteghiqers disslosed theeain Gllg'@ifbcdppli@bbﬁ? labehng méthomiqueanasdidgscthe el ement s i nt o:

the I si mul t aneousl y
o ot BGyatioh 8ra RS S8 th M MATAGY 0 EhurBBUR of Shipldies HRAS6 T OO

canntdrﬁamng)ag@pp bf thet spectrangre ootalusdl:rsed soamtrec)atedi NThus, aptﬂmhmdn ofahé on of

R A T I A

10 et Rt aeefrac@.la RixRaebohy@iRtebysakel zh@é&b&@hﬁﬁ&h&%&&ﬁbmﬁlﬁm& dr@rtM th a
Iab%la l}:ont ai tuirlg@lta rrgss Jg ec?@to 24 18 April 2005 V\D‘gg/ 066952 ’

 PCTiWithomiwbig snod Beation g (e fnsernogationiof Pmsrsénfeatrm thpiabel) ot yanyorthest - t he
- le ddi
'S%thﬁalvl,abe% éﬁ&gem gm 'al‘t%ntlfl&r(r;l} Hifiz mnaseattesgsg cfh%gé.{ll addi ti on

t o sequenci-ng an ication o rs, mass can’ be
us eid the mpasodpecttdractst, riiet eadsmhgdchtd snctrocandfe dutapindgidda Mhysleaartm pert

macronol ecules (e.q., 5.pli.00 S such as rot i c.acids and
o Ty Sasraidiondesh Hssmalr R ot ahiBte So DR B VAR TR of Car

15J. Blencidd@Bhod2ZdBEAURd. dbb264A Adin(id8pdolion 862 PRSI ULER dlchRnPin@Dehe S econdar y
and hi gher-order, protein "structure and regions involved:-in |Iigand binding.

- Moi labgldhas uiliy far solalipg edabeledsfrapesits frera the ehemieal npige-i ed or hi dden by bound
|1 gands wi |l faNanas Qiiage hRYadfUlahbiAladtedlible Lapter 10 rate in

t he presence ut erat wat er sequent proteolysi's of the.protein and
masdeterspeat hyalhbel gl ths FastyGicids hazmatceﬂ)adgdstahﬂomcthd glybelbhbmtquot eolytic

£ R e bt Befeet BOE R P8 CRI LA R R BB B | ot ovea
2met§¢qd&oarspecm@w ded.-herein, in which nass defect elenments are 15 used to
.l abel an ol igoner or other macronolecule, in‘lieu of deuterjium By using
" smal | In each of the applications noted, the ammo acrds lipids, and. nucleotrdes can _
bederivatized by methods generally available to those, skllled in the art. lf tsotoplcally-
dlstmct labels are used for such. denvatlzatlon of: these molecules obtatned orextracted from ' | ;
-_dlfferent samples then. dnfferentlal quantr ﬁcatnon analysrs may be performed by MS '-
25 However aneach’ mstance the mcorporatlon of a mass defect element mto the label 1 lmprmes_ |
| the ability.to isolate the labeled molecules from other chemical nonse m the spectrum and
obtam more accyrate, relatrve abund,ance measurements However, unantlcrpated in the pnor
i art is the incorporation of dlfferent numbers of mass defect elements into, 1he labels to '
'lncrease the number of samples that can be srmultaneously dlscnmtnated in the resultlng
30 mass spectrum Thns methodology can. also be applred to rmprove the rsolatlon and .
~ identification of metabolites in btologlcal samples (see, for example U. S Ser No.. _
- 09/553,424, filed Apnl 19, 2000) where a mrxture of rsotoprcally—ennehed metabohtes

 abtained from a souree.are subsequently derivatized.with,a label containing a mass, defect to

4



nmol ecul es incorporating elements with mass defects that d@8mpgriteges specific
reactive groups and anal yzing fragnentation patterns'of; for exanple,
“intactor proteolyzed d-protein sanples information about structure or
funct {\Qfdbspe obtained by searching for products thglcrfjs@r/aees) abel ed
'singly or multiply or unlabeled with the mass defect |abel. This
information is 20 obtained nore. readily and uirequivocally-by the

r ed&eilitate tiof idedtefiiatiah nod geantifieationtyd thexisetopigaleenridhap etetabobie fiun the

Speci fi call anactive pr otel n can be exposed to a nass defect |abel such
as BPHEIRER ‘%rf 9fdi ne gas;' whichtargets protein tyrosine residues.

Tyrosi ne. resi ugsdifbeto degRcRE aﬂdide@hﬁﬁﬁtloﬁldmhg&peﬁﬁhn@ defdct labelirig geonetric
loci (i.e., surface vs. buried) and, _their _participation in

| i ggnamibe md@pwbﬁéheprtw&rrﬁa@aﬂmﬁéowqfatgﬂ'e&%‘év a%"? fpagfomolegulasdees prior 25
spr%gg&hé(r?er hbzé’}ﬂ‘o{eﬂﬁ{l] é?éhd?&é AledigdsachRiriqRE) Probed: easily in the' mass

SpectT one sear thi ng for peaks arising- from incoi pration
of " br omi ne' or l)eownum encbange Wb@dvéque(S@alAmﬂcfsqmlebﬁ Bl Bivs (defrect | abel s have

B?P%ﬁ@@@h %b%? @8@3&‘ rrr)r :agl {)l:%e ‘JECC%{EW%A&T gﬁ %lp&g}ggdrft a| n eI errent S
s oo ot

pr ot brisied a hisldsp by hound figandgwille Fegen fo Y4 uich faster

lOpOerté n@@%‘résg&% onﬁllbéPd%&i Wkt C?lﬁ}sedﬂ%ﬂf pree8lkisot iR proteincat ahasst s) generat ed

as'.a co atorial library can be' probed:foWactivity andidentified by
| nCop@imbanalygist afghe depterated andinendsyteguedtpiotsolyticifiipwenss cpaeligt No 6; 056, 926

ai I..-.d renn try, Proc.
Nai ['MO )A[{B%\t?“ Boju ”%"ég“&gfsg?a‘%@%dg%sgg‘%ﬂgﬂ@g‘o ‘i@b “l“g&f&*% )2/ 066952
PCT/itblaldingXPit3gest ncr easi ng the nunber of tags, and u5| ng tags t hat

i ncorporate a.mass defect el enent r.. conb r I|brary can be
. eval uat ed. Thd@Braysflimsihads g Qfﬂv‘ﬂ‘é@&‘erﬁ‘éls&'r TRIRE 4:360?81’? BeR%At i stics will
19 Smsaytoaaﬁémbhg&nep&%mmr&mm WRE&u Sfedeatkiumal®) usilfvaimali N a very
conpl ex m xture, IS stral %Deforward toidentify the shifted peaks as a.

res umle@ﬂesuh@m@rgsng clgmpeats withmaass ﬂP&PFS(Shat G0 target ERASHIR TS BB enci ng
o Ter rQn{i %al?ﬂﬂ% krggﬁsr?tfatlgl SRR oF: fol nglntf %3 " lﬁtgé:tcgr Ipﬁ'&@bl?&‘a oter’fnflgmmeg sent

i nvention’ pr i N o e aspect., sequenci ng aterm-nal portion
of anfoﬁhatgmmm smn:plre sf ﬁgcnor(tai)l hcmbtmmdlhygpemhmg(ﬂbn (ycms thattane a 'abel i ng

oval e at t to.the ter us ol i goner and
for l%/i’l %ar B‘I“ F““@Wg B\cr{‘é"ss% cetlabel.. nfg zt:;tn'é‘t‘sl east one
. 20l er&m:anﬁgeﬁ"ly%@%ﬁquﬂf bil i reductioh afaz:mlwmblsb Iueat ﬂfemiasso that = 15

said elenent is other than sulfur or phosphorus;
defect label provides. Specifically; an active protem can be exposed to a mass defect label

" such: as brommc or iodine gas, which targets protein tyrosme residues. Tyrosme residues are
labeled dnffcrcntlally dependmg o' théir geametnc loci (ie., surface vs. buned) and thelr
pamcnpatnon in hgand bmdmg The protem can'be fragmented ‘with or W|thout pnor Sl :'

25 proteolysrs and the tyrosiné labelmg pattem probcd easily in the mass speotromcter by
_ scarchmg for peaks arising- from mcorporatlon of bromiine or iodine atoms. ' '
" Another area’in’ whtch mass defect labels have bengficial usc isin’
= combmatonal analysrs of both simall: moleculcs and macromolcculcs that do not alrcady
.. "contain clements with mass defects (e g, most blo'loglcally derived miterials). In this
30 ;;h'appllcatlon, a complex mixture of entities.(e:g;, protems and: peptides;, lncludmg antlbodlcs

_.and enzymes, polysaccharides, polynucleatides, pharmaceuticals, or catalysts) gcncr_atcd as'a _

combihatorial library can be probed foractivity 'ilnrl?-ideh_tiﬁéd. by iiicorpt)rating taggihig
. elernents as described in U.S. Pateiit No: 6,056,926 aiid by Brenner, S. and R.'A: Létner,” - |
. -En@déd comb'rnatqrial chemistry, Proc. Natl. Acﬁd. Sci., 89:5381-5383 (1992). By

25



(b)

fragmenting the oligomer by enzymatic, chenolytic, or18aAprmaens

spectronmetric. fragmentation nethod, and .. (c). analyzing the fragmented
I abew(n%l(§ Qner using a mass. spectrometric. fragnepéﬁhk%w thod. to
determ ne the sequence.of at |east two term nal residuées ™ this aspect

of

cor‘?ﬁ%"ﬁé‘ﬁ lﬂ}{éry <8

to'

25 chmatpramiiard, dis steal

the invention the oligonmer can be obtained. fromessentially any source

( euﬂ:reashgsmmﬁnmmsptags,,anb uSing| tegs, thatahdorpotateacingss deifett element laclhrgePr ef er abl y,
the " oli |S|S%Iatdand
I

urified t eof erferlng
g exuatgd EB?%C"“E%WRHB%S ired bt 'tﬂt "t a | abel i ng
m'cﬁirxc&.@sﬁegwh aabray adhifeainassleghflio te. mme:,efaceraaun UveRfit BRery !

ol i goner

forma | abel ed- |gorrer suitable. for analysis by mass spectrorretrlc

aghleddentify thetshofied paaks aoneisult ohthe mass

foxlgbgllng an. ol i goner, : can. be " carried. out according. to established
nepﬁ dependi ng on the functional groups present in the oligoner and the

reactive groups present in the |abeling agent. Typically; coval ent
achntentﬁgn be made t hrough,.for exainple,.the formati on of anide,
ments; 55y fi de, phosphodi ester;.sul fonate,. imne and

att
est

Cl‘l

hydrazi de Ilnkages be tween tlte. label and, the 30 oligoner . A nore.:

conpl ete. discussion of attachment chemistry is..provided is sections

bel ow. eaupneingalarovinadiPortiens of@éigamesnt | abel ed ol i gomer can, tie

O anive) ) B Vet el oL bhoeRARERO prtic SR anc BRELS SRR ™ 0%

PC'l”biﬁﬁ]:dnéB@&Jtennmal pomcgmfemacﬂegdnby, cpnmmspiget e replication of -t he- par ent
ecul e (e . uenci.ng,.of nucl cids fragrrent at ion
the Iabel ‘E)‘T“it H%Falgghﬁ?'@er‘f’ﬁg ?@gﬁﬁgmée%f%co‘?\rﬁ%\n@ %l ng a nmass’

Al 't

nol
of

- spagidl (ML fdnhidiBLh M digomet MdTon@ otlikeISPoNgIRS, Bk miehhgaﬁﬁetym nor e

preferably three, Stl|? nore preferably four, five or six term nal

r esompeising phleass epe elpment iy iEsan HemEdWihee

drost 1 Btoy Bh vith the peovissrthatnal

5

resr ﬁ%‘?@én?lsq)‘?ﬁe? ﬁ%nr}ﬁftuﬁépwo@{)l?&ﬁfd mass spectronetric nmethod is described

n ‘one group of preferred enbodi nents,. the |abeling
m)r ety corrprr(ls)eﬁagmentingalmohmaerdiymeymahta\athngolane.tqrmmassunber of 35 to 63,

sti

brom ne,

|1 nor. fer | na- group 10 of particularly preferred
"'enﬁBB‘f‘f?gﬁ& ‘r“f 1°ét'9°%%%(ﬁﬁ?‘i§ses at | east one elenent selected from
I Od(@em&%r@lbaﬁ‘agiﬁénoéﬂﬂibcwﬂlolfgbrdctufi’ﬂgﬁnwseﬁlﬁk&bimstnct he.l.abel i ng

noi ety has fromone to three brom ne _or iodine atons. Preferred ol i goners

to
20

'ohgomcr is isolated and punﬁcd to be free of mterfcrmg components The lsolated ollgomcr -

frremeatition method fo defPanias fiecicapines. REat 1638 AP il Fesigues,

In this aspect of the invention the olrgomer can bc obtamed from esscntlally

any source (c g., tissues samples biopsies, cell extracts, _and the like). Preferably, the

- can be contacted with a. labeling monety to covalcntly attach a labcl to the. termmus o_t__f _thc_

25

oligomer to'form a labclcd ohgomer sultable for analysxs by mass; spcctrometnc LA
fragmcntatlon mcthods Spccrﬁc mcthods and condmons for labclmg an ollgomer can bc s
carried.out accordmg to cstabllshed methods dcpcndmg on thc functlonal groups prescnt in

the oligomer and the reactlve groups present in the labeling agqnt Typlcally, covalent

- attachmcnt can be madc through for example, the formatton oﬁ am:de ester, urea, thlourea,

‘dissulfide, phosphodnestcr sulfonate, imine and hydrazxde llnkag&s bctwccn the label and the.

30

oligomer.. A more complete dlscussmn of attachment chemistry is. prOVIdcd is sectlons
b@low. S

Fragmentation of the. rcsultant labﬂled ohgomer canbe accamphshcd V1a

. chemalytic, cnzymatnc or mass spectromctnc mcthods Altcmatlvebt; ﬁ'agments may’ bc



protein (or peptide), an oligonucleotide, an oligosaccharigderigdos |i pid.
More preferably, the 15 oligomer is a protein (or peptide) or an
oligosaccharide. In a related aspect, the invention provides.a nmethod far
seque‘N&"ﬁ@“&‘bortlon of an oligomer in an oligomer niBEUPBLRRE--ret hod
corrprl sing' . (a) contacting the oligoner mxture with, a-labeling noiety
80 and forma
I ab eﬁ]\é%‘% |lé‘éorrﬁﬁel%é%blfc ub tﬁk%a&%"{oﬁ{)e l'i ng %ﬁq%‘%ﬁ%"%lodnfg‘g?%{cng at | east
oneacidds)rent havi ng: an atomc nunber from 1 7 to "77, with the proviso

that said ele I s.other than hor u (b) separating

i ndi vi dual a%@[z’é"d“%}hle cé‘pﬁ%ﬂngg h(f '8 (T'lf’go r)??ﬁllp ¢, the grjeg Eéaé‘hal yzi ng

t headafed aﬂnghhqomeatm[fne@mrﬁétm {0 etéiyhine MEs L&ﬂe@bt’ﬂrlbisﬁwd gnore Mehhod-t o
determ ne the sequence' of at'least two tetm nal fesidttes . omer mxture in

1 hi refespidy thresy, stilheornichwseiy fous five,er ¢ tarminal gesiduss. Inspmge ol i g
pr O&ﬁ{)&ﬁme ?ﬂ} e d@c@Bf@v‘eﬁQPFﬁLﬁQﬁhﬁﬁFrmﬁu@@ %lddfeemiedOl A pRRAEA! t ' a i des;

a'mxture o and |styp|cally obtaihed froma

bi otnags wmtrmmométmds&dm@mum Examples bglowr nat i vel y, sanpl es can b'e
obtained fro an| mal ti di sed 0 tarit tracts,
bacterial sourc §gr?)1pr fprutgcﬁ‘r’((i:%'ggo‘% {he%tff’%né %Pf/esz‘? eeaStoI I goner
i Xbhe AeriaRt haBidg B anjit humberst 35a0 r66d$ti1Embi‘tEpre&ﬂiﬂﬂﬁB9m6 smomeangrbqi ly
interfeiriiig codtpanents usi mbf hods . . wn in the art bel i ng of
1 heOBPWFYSPfFf?“Fﬁé“‘gWW ﬂﬁ%ﬁ'ryem&m'sa%?tﬁasapwslemeatr%elceﬁgout as

desEH"%&"%%@lnfeoéur@plﬁWJdgy:ﬁhhgosmr motShiBetritg. heRefindRity had in nore

det bel ow.  Separ at | ng.of the | abeled oligoners in the oligoner. mixture
canfribm acdothsed lsrhedlamuﬂ@nﬁtom Aprl | 2005 WO 02/ 066952 PCT/ USOL/ 49951

met hods such P (ﬁgﬁgﬁe)llggm¥rSQo%F deﬁltf?ls (:g l?\reqﬁ ﬁlclu)dgul d

Ahr omat ography rop oresis Its
chr progdin gj’r@)ﬁiﬂtyde() &ng)hgoﬁudeotebepzimﬂlgmac&amd@amimﬂmd Marteproferably, tes

chr oyat ogr. nang few The rated individual |abeled oligoners
L3bt 8"%‘1’?8#’{?‘\%?‘1{@6@? OBH"BP%?,S@‘é‘i‘aE‘gﬁ then be anal yzed using the mass

spect romet ri Cyp, fERkdiPApededme ileREon b@fvﬁiea alnfetRid R rswﬂmalhg a@eﬂwance of at
| east two term nal resi dues.
of an oligomer in an ohgomer mixture, the method compnsmg _
(a) contactmg the oligomer mixture with a- labelmg moxety to covalently
- attach 5 label to onc terminus of the oligomer and form a Iabclcd ollgomer mlxturc thc | _
20 labeling monety comprising at least one element having an atomlc number from 17 to- 77 with B
the proviso that said element i is other thah sulfur-or phosphorus '
(b) separating individual labeled: ollgomers ol sald ohgomer mixture; and
"(c) analyzing the labelcd ollgomers from step (b) by a mass spectrometnc

meThod to determme thc scquence ofatleast two terminal resmucs

25 ) The ohgomer mixture in this aspcct of the anﬂl‘lthn can’ be a mrxturc of
. protems a mixture of oll gonucleotides, a mixture of ohgosadchandcs a mlxturc of lipids and
the like, and'is typically obtainéd from a biclogical souice; such as-a cell’ lysate. '
' Afternatively, samples can bé obtained from animal tissucs (diseased or healthy), plant'~ ~* _
- extracts, bacterial sources; viral soutcés', and the like.: Ptéféraﬁly,"lﬁé ol'i’go’ﬂie,r mixture lias
30 béen purified to reduce the amount of potentlally mterfcmng components using" methods
known in the art. S A ' __
- Labeling of the ol-igomérs in the oiig‘oméf tnitire can géﬁeﬁlly.bé' cartied dui-
as described above for a single oligomer, using the labels described in.inore detail béiow.

Separating of the labeled oligomers in the -o-ligomef_ mixture can be accomplished using
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Preferably, the mass spectronmetic nethod. is ESI-TOF M5. 18Am@ihe00s oup of
preferred enbodi nents, the | abeling noiety conprises at |east one el enent
havi ng an atom ¢ nunber of 35 to 63, still nore preferabl¥.39 to 58. In a
gr ouwo wieearticul arly preferred embodi ments,, the noh&VYSUEAPi ses at

| east one el enent selected 10 from brom ne, iodine, europiumand yttrium.

Still re preferabl the | abeli ' id o 8 : ®e brom ne
or metRasel trfep iR St e el sahisd BelTBin ke R SR AR ot hod

f Ole FELHRPRbISGIs (A itsdoifhd)pthrpanatdgaaphyi(e.gnsiot exdusion, icoeshasgeng: ()
contacting a first oligomner sin‘*gl % W th ?%J_.ﬁgel.%nglagqleﬁéy (;oercoval ently 15
at eteohougdsaheamategreplly . {enIme adews The,eraralRENV AR PEEIR $UBEP ed ol i goner,
the Labhald | VLAY AR ehedl MRz dsingthe MBFEgectombeic from 17 to
77,°b\tﬂ"i)eﬁ ftﬂ]gthegag%{ag% hat tche- el e'r'ren'liyzi S otgﬁﬂgr than@sulfur or phosphorqs;

5( b)mehodsaiesdritgd heregetoaleteroinegbmsequsasmefat {gastiwe teamapl (rHdYesi ety to ,
coval en attach | abel t¢ 18k Qs of the oligonmer and. form a

' sec?d?fd“ﬁ’%é‘fce‘ﬂaﬁlspﬁcgwefacPﬁ%gﬁ%ﬂ%ﬁﬁg‘b{g%SS ‘noi ety having..two el ements with
an aton ¢ nurmh®he gfdupBf pleferced dmbodimeiits - tht bibpling meety coaraprisepat leassnent s can
be the sanme or different but .. gfher than |f ur.or. &h s; (c)-
optang glgmept havipsan i‘tﬁﬁ“"s"t“gﬁb?flﬂ?’;s rtﬁ'g{"osﬁlil. pyee ﬁ?stglgg@t%dr)rtgsﬁwgi E .Ep(gu%di ti onal
oli JhBRE&limehRetheaiabiyRompaiR st eashiicaldinneseledialr |, or five
el e%%EU%?yéggﬁl vely, \?\/i th an 'atgm' rcnliﬁr?un‘oer from17 to 77, w sh the

10pr cfvorm brdnkiat, iodine, cerepiemaad yetripm. Stll moreqweferabhy e l2bglingmAFy S ophor u; | .
e i from's _ - through-,(c); (d) ,mxing the l'abeled.

(&) FImghet gy bropine ﬂkg(gdg?ée%%fﬂsi gomers using -an enzymatic, ch,enolytic of-
MasSS. Spect r ORIk ir€latedl bgROE tiainventiongirinadest oneibod dorceqieab@dle ol i gomrer ~ ;
fragments; and. (1) analyzing.the.labeled oligoner fragnments using anmass
spelempisarartien o5 qliegB\FE I SH'8et hod to determine.the. sequence of at

| east two term nahiab@i HH88 olifdm¥GhmpROkilies labeling rdiets pemtvalenthe present

i nvention provides a: nethod of sequencing. aportion of (ili;g) BI | gomer,

1% ongitaichs i iajrel tpBe tegmingys iof tzgrEomsr and fagm afabeled oligamor JiglabsuRE 1 ( a)
fragnenti ng aliquots of..the ﬂ&gﬁ; ok D7 @MY, With'TRE BrovRE®hak tife enzymati c
or @%ﬁ‘%y??gc%c?eg%%%géﬁ%nmﬁ@ ods 'egg%ggoduce olli gongrr fragnents, wherein
a délkhentanbthet thag selfitratipbospietdsod i s applied to- each aliquot; (b)

contacting a vt 2hihgs ol ofkbA Binphd AANE ek kibidly td évatehdfeLl ng

attach a label to thé_tc.rm_inus of the o__lig_()_m_,er and fqﬁn_i_n._s_eéoqd __lab_eled pl__igq;ﬁ_cr, __the :

20 ..laheli-ng .mo__ietj/. having two elements with an at_bmic.nun.lber.. from .1'_7 to 77, Wi__th-fhe _pro'viis.o'.
tha't_‘-thé elemeng can be the same or d.ilfferen_t but are pthé_r than sulfur or'-pho'-.;ph(.)l_’us,;_’
(c) optionally, répcatigg._,s_t_gp._‘(p) from @)ﬁ_g to .-th'rcé.ti-mes_.wi:th-. additional .
oli'gémét samples, wherein the labe_liﬁg' moieties _h;-_avp-_.thre_c-,--fpuir_:-p'r_:ﬁ.vé glémenté,. | " - . ¢ Y
respectively, With-an afom_ig ;jumbe: from 17 @o--jfi,__w'i_;h; the pr_c_)visg that the glgmé’n@. are.. e o '
25 other than sulfuror phsophorus; . -, ... .. .o
) x_mixfm.g the l,,z_;}j)__cle,_dj oligomers. from steps (a)l_:t.lm?qgh.‘(c); o
. (). ﬁ'agmentipg..thq_ la‘,lbel‘e'd- oligomers using an enzymatic, chemolytic or mass -
'. spectrometric fragmentation methbd to .pr_qducc:_[abé_led oligomer fragments; and. . '
| (f) analyzing the labeled oligomer fragments using a mass spectrometric .
30 .' fragmentation method to dgt_e:ﬁninq;thq. sequence of at [éas_t two te;m_ixiai residues.
| In yet another related aspect, the present invention provides a:method of ..

sequencing a portion of an oligomer, comprising: -
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5 noiety to covalently attach the first |abeling noiety t1® AgH 2005 m nus of
the oligonmer fragnents and form | abel ed oligonmer fragnents, the first
| abel i ng noi ety having one elenment with an atom c .nunber from1l7 to 77,
W th g,so that the elenent is other than sulfur horus; (c)
optiole cont acting the other aliquots of oligoner flr)ée]tlgcglrrstsflll g&\?\nth ot her
10 distinct |abeling noieties to covalently attach the distinct |abeling
noi eties to tlY kefdkntingaliqhdie obthiegtigamef ndagromnt er ok specific badyatasid ol i goner
fragnents, the distinct |abeling m)leles avin fre el ements with
an & Shsreolytimsagmentalion mmethedsrip Pf%l‘lcﬁo‘g‘?fﬂcpg ?’g"'\lzl@fc‘l‘ﬁgof nents are
Ot hElTgﬁl@ﬂ{auéd’lnfelﬂbd%aﬂll@&ﬁh@zlc‘ll%llq&& (d) optionally mixing the aliquots of
be Igonmer. fragments; and ( ) anal yzing the | abel ed ol i goner

fragrrents usi ) eontactiog afustalioret oficdizomen FaEmEnRls Math namshisbeling det er i ne t he

nb%ﬁ?lrgrt& rt? ge@ag%llGI??ﬁSchtMQ é‘l‘%legl'lg ?‘né)%t?' l(l‘ﬁle%r'nﬁﬁlﬂé%f thf *’»lq &I?Jrgl%gﬂlgm Ef erred

ragrren I gonersare rea subj ect ed
to aad ifédxﬁh&éle&bl@@ﬁn@f&ahﬁhﬁlsl thg fastdabaliag mmetathamg oni eknieht wathat her rel at ed

aspect, the invention_provides a.ne quenc 2 ortion of
an. (ﬂt‘?'ﬁ'ér‘r‘é‘l“b%fb?lﬁ A7 de f g“’l(“é theprayise l‘l"‘lbt 88: cletF‘EfoE%E "'gtl" 3{1) ol i gomer
san'pg uscontacting the oligonmer in each aI i quot with a | abeling noiety

to coval enfly attach a |l abel to one term nus of the oli atid form a
| abel ed ol i gof®r optisnetivieentaciingrthe ﬁthéaemuatsm:f@éeomér ﬁaeevrgﬂwwm)ﬂwalabel

li)c;r I&l&i}l&it 1a0d; gnlj(#]et &'t g@dva”élﬂﬁei’ttaglg Tr%%{dn‘é‘ﬂﬁﬂél Xi'ell Aftiaf unber from

€ provisot ements-are otfr er t an su or
phoshhoh gmner(ﬁ]agmhﬂmahqfqml labelhd)dllgqmt(rd?agmcag;nﬁmdmgwt hbcllrabmbletﬂesol | goner
each ' ali a difference i action
or od RS tp G ndifcHemPerg el 5Oy ke RO Fr oW b st el BT e
oli gé}gmgntmn\gm,@pthgﬁgmglra,rrﬂ;agﬁhoagect rometric f ragmentation nmethod to
determ ne the sequence of: | east two termnal residues. 29 18 April 2005

5 WO 02/ 06695;§d)Pem<wsﬂmu9'913|th¢ aiquotscafdateded plfgomer fsmems advent i on
B gv.' des a ”E:@Ogna u}ét'hgll':lbtef’é?ﬁﬂg%lrlér ﬁﬁgtﬂbﬂtéhglﬁg%asb%&trbﬁ@ﬁlc' on products

determ ni es of an | goner sanpl e
fragmentation method to determine the sequence of at least two residués of the ohgomer

In certain preferred embodlments, the fragmented labeled oligomers are
reallocated and subjected to additional steps of labeling and 'ﬁ'agmentatio'rl -
In still another related aspect, the mventlon prov1des a method for sequencmg
20 a portlon ofan ollgomer comprising; o ' | L
(a) preparing several ahquots of an ollgomer sample R
(b) contacting the ollgomer in each aliquot with a labelmg monety to .
covalently attach a label to onie termmus of the olthmer afid forim'a labeled oltgomer
. mtxture wherein each aliquot is labeled witha label contammg a d’lfferent number of
25 elements havmg an atomlc number from 17 to 77, thh thie | provnso that sald elements are a
other than sulfur or phosphorus . LT -
(c) fragmentmg the labeled ollgomer in‘each’ allquot by a dlfferent enzymatlc :

T oor chemolytlc meth‘od
() mlxmg the reactlon products from each’ allquot 2
30 R - (¢) Analyzing the fragmented labeled ollgomer mlxture usmg a mass’
spectrometnc fragmentatlon method to determme the sequence of at least WG termmal

residues.
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met hod conprising: (a) preparing several aliquots of an dl8iAmire00sanpl e;
(b) fragnmenting the oligoner. in each aliquot by a different enzymatic or

chenmolpd b Fachrhhod; (c) contacting the reaction productl,sc.[l/ﬁls“qﬁgp al i quot
with a labeling noiety to covalently attach a | abel to one t'erhi nus of the

reaction products to forma | abeled reaction product m xture, wherein each
aliquot is | atlalaedlawtltvlariaticbralﬂmlinmmtibapmivh;g:sa mﬁtlldcbfoeshmﬂtﬁﬁ&ﬁlslpf 10
el erren{ S. havi I{1gl€:an atoni c h t he prow so that said

?be({ from to
ol orfAvZing multiple esction Brodugs for %ﬁfmgﬁ%ifﬂmfgwmo omer §ample, thgpe| ed

r eaGhétRsd femstisedg: M xtures from each aliquot;. and . (e) analyzing the
conbi ned | abel edgreactlon product m xtures of step (d) using a nass
spect ronet ri ¢ (AePrpaingseysra piquets afise olgomenvapls, at | east tWwo nononers in

he. .15 ol i ggggfﬁaglapﬁgy%otlht@y.gpﬁte,ﬁttcﬁm. LBty DR BRI OPP 2 o PO

or.sequencin al'l gonucl® es ITha s "t he net hod
conmhesohyyr n{edhod; abel i ng synt hetic pr| mers by contacting each primer with
a: labeling,-.,.,. . _noigty to cov ntly attach I to one term nus of
each. priner {® F%‘lt?fé“'lgalﬁbllc@&"o"dlf?%smfé‘:h ?ll‘l'(‘?b‘i”@h lﬂt‘l%llesﬁ'%%w primer is
| abeloesleidy: fitadh haktel toQbettarnﬁlhﬁlQof&héltefnftﬁ)hQﬁBducmmF&'rn @labelcal840BBAS having an
atom c_nunber from 17 to 77, with the proviso that the el enments are other

t harPreduef mixtere, phereptrach aliayasys labdled wigh a labshepmtaining aiffereat nusber RE | abel ed
18! ' 'P?%méﬂté(llavlrf‘g rﬁ A mMUnl7 53 B B! 74T lm the a{flbvnké‘ﬁlg d?a‘lld Qlegrggg;até from:1the

l'at’e by 25 enzymatic or c em-c anal yzing the
Iabelt@ithﬂmsgtfunmrﬂlosgbwtmm zed in step (a) using a.mass.: ., spectronetric

thod to det t f t h of th
T AR B ONES et PO ol BBk i ot o e

el ements havi Ifg) awavdisg thérddmibinedfableleamadbioh prdddet rﬁﬁ[tﬂe@é@ft&f@b ﬁélllflg 39 to 58
as 30 described above for earlier aspects of the invention.. Qh

pr e PP PO tifeRedod tedetpaiine the gequengeen f8 lepghywo peanomegeindhe bed above
 1babaiggmBr ot eins .30 18 April 2005 VID 02/ 066952 PCT/ USO 1/4995 |

In another vanatron the mventlon provrdes a method for sequencmg a.
plurality of oltgonucleotldes mna sample the method compnsmg
(@) labelmg synthetlc pnmers by contactmg cach pnmer w1th a labelmg
_moiety to covalently attach a label to one termmus of each pnmer to form a labeled pnmer )
20 --mlxture wherem each pnmer is labeled wrth a label contammg a dlfferent number of |
elements having an atomrc number from 17 to 77, with the prov1so that the elements are other
- than sulfur or phosphorus _ : _ _
(b) addmg a sample template to the labeled pnmer mtxture L o S
| o (c) synthezmg a plurahty of labeled oltgomers from the sample template by )
25 enzymattc or chemtcal methods ‘and - L " . L
)] analyzmg the labeled oligomers synthesnzed n step (c) usmg a mass
spectrometnc method to determme the ‘Sequence ¢ of the sample template _
' In each of these latter aspects and varlatlons preferred labels -are those | _
containing elements havmg atomtc numbers of from 35 to 63 more preferahly, 39to 58 as
30 . described above for earlier aspects of the i mventlon Other preferred embodtments are also-

the same as have been descnbed above

Labeled Proteins
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- decreases W t

The | abeling of proteins with various agents in an aqueout8 Aprili2098d
aqueous/organic solvent mlieu is known in the art and a w de range of

| abel i ng reagents and techniques useful in practicing the present

I nventwownzaseesy eadi |y available to those of skill in gdwusyileeegee, for
~exanple, Means et al., CHEM CAL MODI FI CATI ON OF PROTEINS, Hol den-Day, 5 San
Franci sco, 1971; Feeney et al., MODIFICATI ON OF PROTEINS: FOOD, NUTRI TI ONAL
AND - PHARMACOL i laheling b protsins withy Xariqus apenteine aguequssmmiszed Vol . 198,

proridf R RRe RN e W AR pe R s R CT R gy T

Adv atecladques u§tfehingtracyicidg themeseoinvedt B, are veadily sailalecattoat oSsddiléd v,

Washi n and He S, Academ c
pr o5t Sia fegyTaigtamil Meafit . (AR BB AURTGH FROIPPETIEE I ned f r om
§ t hgsn Fafcidlo, P97 CFeenel F i, MbdpifRATON JFPRORERE L FOoDAROW I TRRAAL Ao f
eukaryotic proteins are N-terninal acet yl a(ed (see Creighton, T. E.,

Pr ot BIARMAGRLOGIGAH AFEGT AlBIEeL N epwtﬁtﬁﬂeésv?lw %Am?rec@ﬁ&hemtﬁal 1984) and
are §$@é¥r®fa£lﬂﬁu%t86yDto 1983 §eBleys ol fﬁﬁid L{aﬁ};@ﬁﬁ@@ﬂ N-acetyl

group ‘prof’ei ns can soneti nes e use or purposes of
t hi SCHEMIGALADD Emmml\ﬂonlﬁwelomﬁdvmem@h@mswsem Nol.460,ds within 4

i ot s GRS oSt QS BT i B mapeRiBas® O M "

© peri YediNQUES, ch@emlwmsz&ahﬁnég@, g996.t yrosi ne, serine, ‘and cysteine
residues). Accordingly, strategies to |labeieitler the N or. C-termini are -

provided to af kdheling pin byroonductad d fisds dﬁ‘ie"g@ﬁ@lgﬁtﬂ “Hﬁ‘céHFII‘TI‘t‘V Gorany' 20
gi Veﬁngﬁl’ép&ﬂ'd"f thfq%?en@ AGRR59 0% B Lr§stic ofi%%é’ﬂ* fefrhi@Rt &EQ@%&& hm can. be

search for nasses that correspon to any. nodif resi dues.
CharéSGQ,éJrclshﬁoosToE Prlqtelrrsr §Wmamwomeler Pﬂmlmhe(WaklsF@pm@n,rMﬁ(Fl gure 1)
isb er of, i os that tr| a det.ect or
pl at g‘ﬁ“% %m thus %ﬁofugmlnf)‘{r‘lss%s ke 4 eé’e‘aée “t%o‘?‘”& a t(X,F PBr& nes the

8S Ssuch pediéing ear( fﬂnic)mfe@.bt Osedfas & bel fon pﬁtpbsdﬁldfglli hieepliat, but dihg vdetect or

plate is,. calihrated= wth _known cul es. Each nning time bin on
the BRAURYF opfheramipgaqdiatitia dirg @&Saﬁ%ﬁ&@wmwe el@galth col | ect s
| ONSydink] g.ﬂln?e hRdiAS aQfaric R, bﬂgﬁtarnﬁélﬁ&dml&fé? bicaAsEdbivhfizeliis bepar ti cul ar
design con uration ‘of the instrunent. Generally, the size .
rang neabler(ea Bfodag Kerineagnddysteine sesidiiep). \gcordingly, s&qaéegyrq@mhbemmer of the
ni/h | _ | si on

th%% 3 Cofeﬁ%lnﬁ g% aosvllangél tﬁn{'lﬁgéﬂﬁc tﬁgt;dscktels?g ?&%@h%lhg ﬁﬁé’sfop a- nass
2P ecivemptogtin.i Onad kbl msmctadedecﬁhwlaﬁmr dporither @ngmahodlﬁcdaﬂommhgr gat er

Egggfotorl;t(laa éjeas'lthe[t%ogrgspond to any modrhel?l residues 1 18 April 2005 VO 02/ 066952 PCT/ USOL/

Chardcteristics of the Fragmentation S-'ec'tr"a

. The mass spcctrum (F igure’ l) is baSlcally the numbér ofi ions’ (Counts) t=hat e S
25 : strike a dctcctor platc ‘The timie at which the ions strike the detéctor plate determmes the _
ma_ss to charge _(m/z) ratio of the ion striking the plate. T_he detector p_late is cahbratcd_wuth-
" known m/z'molecules. Each scanning time bin on the deteitor 'p-lete is then assngned an’
"aVéi'age'nﬂi'value_'and'_"coll-ect's ions with im/z ratios of a‘defined range which is baséd i the
) * “particular design configuration of the inistrument. ‘Generally, the size range covéred by éach .
30 ™ .détector bin Varies'.as the square root of the m/z vahie of the bin. Tlii’s‘hcziﬁs- that the absolite
mass ptécisi(m decreases with increasing m/z in the mass spectrometer. Noise in'a mass e
~ spectrometer is always positive. Therefore, the signal is always gréater than or equal to Zéro

" in each bin.
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Several features of the mass spectrum of fragnmented prot d8mgric2005 nhi bit
the ability to identify or properly rank the true protein sequence,
depending on the relative signal strength of the |abele tides and are
decorWOlUe@Iy the al gorithm of the invention. Relat E’QE’U§{‘) 2 strength
bei ng defined as the. |abeled peptide fragnent ion abundance relative 5 to
t he abundanc S first
feature is st Vﬁmp%c g‘r‘tsocﬁlh e'?{ect ?dt[?ﬁg?ﬁ%r%? cﬁaé ge t ﬁ%ggug-cqlger causing a
bassdility@e fehtify oalpebpeﬂsz r@ksthaguapratdasapence, depdndingagi the rdumwemgrbxbut 500

amu. This is observed as an appare | i nt . mass  spectrum
(Fi @‘[ﬂ“&‘lhﬁ Itheﬂh@l"’rﬂl;/@tpf‘ﬂ?sea"@ﬁé‘? °§¥°Qt’%‘£€>6ﬁ‘ a;l]&r@gpgh{l{e 'PtS‘t R may aloso -
gggf\}élahgé“grﬁai Qrenb@OGHinP Rk BEtHEAdHeRdd fRBEdE Fragmiént SGNEbURYnE reftive POSi ti ons

1000 arnu.” This is 10 nore clearli_ observed in Figure 1 at mz
posidtheamndwe of athouione @Bhnaisrin tihwassspeeiims dh¢ first fepueiveeking (Figure 2)

| - g eeof pos R PEEL AR AR bhtl o 64Ecfine o B BK Ry BOURRLELE 0 f ons

at AR Iré@6H sbova about 50C hang (—Thp;os bbieoved ais an apparautdesdine @hrﬁmebe masOn a nass

calibration scal e of 0000 t hese @agment s form
a cheecHum EFigute - Ig Bﬁ'f &We ‘3%‘5%%‘1‘558%89%8%& mf’y 5 éﬁ%‘r"“ Rt hi ghly

ef f \chftelink IHTRIVLS L @B sﬁﬁ@dﬂaﬁ/h@ﬂ%ﬁz positiRg labeandansl 000 anearThisévery | amu
spacing in the mass spectrum  The. average peak: to peak spacing is

tobsmowedcarb@bsqwgd i) Figire |1yt q/z nOStlwspaPY? eltﬂl’é?o%t%%. n being fragment ed.
This is . | ey nt al _

_conposition o hetﬁ?ggndtt%?@?cn&og?wg?'ss(ﬁe@ Pé %ﬂrtr‘é{tttﬁ rep ggﬂ{léegmﬁjfgﬁe peaks at
eac(e.g@Migh R@zszdﬂ&r@nhls)for rfnrﬁgrmrftagngntaoanﬂ rtestdnsl aniin¢reagetl pbandanchef peaks - in

t he ntass.spectium. overlay this.near. 1arru ttern ure 3). It is
t hi Fagmeniensaf B‘Ff“’tdl‘fe‘t‘a%grtﬁﬁtx‘e@et’?f‘é“?{'é)}“ opad gC? oM et?{e@uargreg ~invention.

Fi r%&hbra‘ttott%@alma?t2c0<icftnb@as P@@(k(ﬁ)ogvmééeqyotem ﬁa@ﬁérﬁﬂo&n(ﬂha&ctdﬁth&l pl e charge
state analog of this pattern) it 1Is Eossmle to easjly distinguish the
&

15i gpaﬂterpe&t@kﬁ :rp@md @bbet eamfllﬁagheﬁt highlyfficicat fagmentationcepdiignsd spaci ngs
such; . : e e.or nore
el eﬁgﬂ‘t? C‘W‘? ﬁYteu ua nuc Ymg‘ ?lge‘éter%@r g?gggﬁ%ggﬁé‘&' ‘83"’9@

per ispathiy it ybshed\s virgislighitly wizh dferpartamlanlpranémlh@mglfraymnm éﬂrjsrs maX| min the
mass Sp ectrur‘r(}é“| such tgfg{r theH‘a‘B rum ean be. C()?'{quﬁt ed f pt . hoi se,’

al | baligvgd e duede shight diffarenchs HUPE slgmgpta C?'HEPS& %B‘t?ﬁed%ﬂﬁg counts at
eac [ hikOft chdtfari®Ss spectrum - Third, an average or .
charm;{l %‘zﬁg{{b{%ggeakyg%?& car(l3 be determ ned -for. -the:tinw'nted spectral,

280i se at 30 ht‘\ghigillyfﬁmnng Aendsongi iUty alkfe ks 1th e J8Asa SRESBY v ed. or
SUbtorvgr elg’ls {3:? (‘9 % %&18 pa fﬁ’ﬁ qu fg\él1 5% ﬁﬁs 3l F}a'irﬂmhai Qr%lés?ﬂé‘ﬁé}ng its '

contri b m an .1nproving. the: -“confidence of
t he aﬁmtteiﬁdfe dﬂﬁtﬂrrﬁvmbnoﬁnrstr mdmadstloﬁ thd:lhiaks aveglay thibpatesim (91 | nvent i on.

One o.f skill int preci eth r d|C|ty\_-_
oot coifete pbipeeated abSs B v Hager B Bk s By ST Slpnlf eaEs |
. from labeled fragments that lie off this periodic spacmg, such as, labeled fragments wherein T

25 the label contains. one or more. clements with an unusual nuctear hmdmg energy. Second (he - -

periodicity allows for the determmatron of lacal mrmma and maxrma m the mass speclrum,

_such that the. spectrum can be corrected for local. norse, allowmg for a better determmatmn of

the actual abundance of counts at each mass-to-charge posrtron in the mass spectmm Thrrd,

an average or charactenstrc peak shape can be determmed for the unwanted spectral noise at -
30  highly fragmemmg conditions and this noise deconvol_\(eg or subtracted from the rest of the

mass spgctrum, thus reducing its contribution to the ranking-algorithm and impro‘iirt'g. the. _'l

confidence of the scquence'determina-tiort produced by.the algorithm of the in-verrt_iorr. One of

skill in the art will appreciate that other larger periodicity patterns may also be found in the
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WD 02/ 066952 PCT/ USO 1/ 49951 data and simlarly applied ti@ /a#R605i n
sequence deconvolution in addition to this nmajor pattern shown. Labels As
not ed above, the follow ng considerations are relevant to the sel ection of
a 5 | Mee¥eePagent: i) the mass of the | abel is prefer@/ysouapHue and
preferably shifts the fragnment .nmasses to regions of the spectrumwith | ow

baclggf, o\ errglalrlgzza{ab h& doakgk iﬁ E&gﬁﬂ@@(lééoﬁﬂﬂl‘i@dnrlﬁ alili?l%ﬂ & ﬁ]lﬁé ‘ép? erRe0ativ e

charges to renote char fragnmentation at er m nus;

i i i phove | abel is preferably robust under the fragnentati on conditions and
does not under 9 unf avorabl e fragnentation; iv) the | abeling chemstry is
preferably ef nt under a range of condltlons particul arly denaturing

condi tions, thanox H6PE, Qﬁhj@llblvmgadbdsxu&lafx&ﬁsrﬂryrdlé\hal to'@le kQ16ctfin 0P C
term nus; 15 v) the | abel ed protein preferably remains soluble in the M5

Buf f"ﬁl"l@s@g@ﬁﬂ of choice; vi) the label preferably increases the ionization
ef fi.ci ency of f VI |
Y OF if [ codt OP ERlIabePls préferdnBAliqHofd s HPRES he ‘e - V1)

the | abel nay ‘contain a m xtur
spewiassestto reponsodthe spectningwéth dew dackgmenndonet ri ¢ pattern at each | abel ed

ot oSt el ] el 00835 5 o G

| abel i ng noi et es® dre ose e S%trrponent an
| On rémste charga AapmentatidipankyiN- and-tamiiadgt i ve  functional group, preferably

ne that reacts Wt N-term nus of a protein._ The reactive group
an’ be direct ¥ t'gl?lmla‘cP’?fS‘aglyt'HBl‘S‘&Pd?fdl‘%ﬁegm?fﬁ%“%l‘F?é‘id“l%éaml%Rfé

comgn@,{geﬁ%] &ﬁavol—%l@f}%&hgmnﬁent | abel s are used in pairs to further
i ncrease the abi‘lity to |det|t|fy the mass | adder fromother peaks in the

mags spect r umiv)Tthe l&bsbmﬁamw@a&&mdtmbb effigibed Wdesa pa\gt pécmalutiops,sw ted for
furth vQl on ,qf rrte en ‘1.8 topes
1;p S{cr.ll}?lg% n%u#rlgscondchong hﬁerkbipr%f)?o%ucu%ﬁ nd unj opr[\ v Ia%crlmgf @;T l(\:ll ares as:

typic on an ragrre
Analmgﬁmn;fn 30" *| bel'that dlffer-byone or nore nethyl - nmet hyl ene.

roup: s,'or ¢ g at e.caa al so. - Even chem cal ly
gl stinct - nol edllt alé“s'ak ﬁ‘s B'é’%’é@‘if?‘lrﬁ 'ajﬁ%ﬂ‘a‘f‘%\ﬂ’év‘ﬁﬁg“ gletl\(l%l’l‘lttl?fssyﬁlﬁ"‘éllhance tlie
| deghbité,cation of the |abeled fragment nmass-ladder. In one enbodinent, a

single sattl le is
J P vi) the label preferably increases the ionization efficiency of the ollgomer or’

at least does not suppress it; and _
vii) the label may contain a mixture of two or more isotopically d_isti"nét
20 - species to generate a.unl.quc mass spe-ctrolmetric pattern at each labeled fragment pc’»siti'o'n o
In view of the label selectlon criteria, preferred labeling moieties are those that
o havc a detection enhancement component, an ion mass sxgnature component and a reactive
'functlonal group, preferably one that reacts with the C- or N- terminus of a protcm 'I’he
. -’xcactwc group can be dnrectly attachied to either or both of the other two: labcl components
25: T In one cmbodlment labels are used in pairsto further increase the. ablllty to
'-1dent|fy thie mass ladder from’ othcr peaks in the mass spectrum The use of mnxed lsotope S
labels is partlcularly suited for futther deconvolution of the labeled ﬁ-agment\peaks since
#abundant isotope pairs will orly exist for labeled fragments in the mass spectmm and the” -~
isotopes typically exhibit sinilar ionization and fragmentation efficiencics. Analogs ofa
.30" ¥abel that differ by oné or more ethylor meth"ylene .group:s or charge state’can also beused
' Even two chemlcally dlstmct molecules can be used in dual labelmg situations to enhancé the .
: 1dent|ﬁcatlon of'the labeled fragment miass ladder. In one embodlment a single sample i is -
'_labcle_d Slmultaneously Wl_th ‘dual labels and the combined mass spectnim generated. Ina
prefcried-embodirhént, duplicaté-samples ére'labcled'indgpend'éntly-_and mixed in roi'lgﬁl‘y
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| abel ed si nul t aneousl y with-dual |abels -and the conbi ned8mgsi26@®ct rum
generated. In a preferred-enbodi ment, duplicatesanples are |abeled

[ ndepe de and m xed in roughly will only existfor ragments, in
t he é’z/n{bégt:)trum atid-the 33 18 April 2005 WD 02/ 065@2@@? Uso1/ 19951

Si mlar proportions prior to fragnentation on the M5. One advantage to this
| atdimilar lmsbadnioneptxoxrtesﬁa@eﬁntam()monitm MiSng)ttchdvmagcitbithis lagtenf si gnal dilution

vvhen side residues are . als n |rren licate
Sadimen ot Banr s PR ssPen R st % Bhar By on the v

andal&&'ﬁb@iéaslrﬁﬂm%@wrem%d@m%rﬁ aaﬁtda&rsahtplefsafemwewd wttuaépaemalabeﬁ | abel ed

spectrum Instill. another enbodi nent, the reactive functional group is .

seplagmeded seppratelyien die Mt andothe s srecise addse teasthentioan iEwIdHant and t he
gonlagaggs gﬂ fure conponent. by a linker. The linker is preferably -
desighed™such that it is chemcally stable. and inert, and . such that it.
al | ows ef fi ci bndtillsaptieatmbadigient, e metawplfwtlgndml@ndsqmdt@h&@mone of ‘the

ot her t C onent of th preferr nt of the
et e AR Srdaptsmat st inel 1P B Sehdin PR,

prebes finker. Thk 1RRNMCE efaréﬂasn delsighéd bichlaed ittioctmiically. stabledndl inet, ahat er oar yI
ring and preferably provides additional separation bet 0\és,een the i oni zabl e

gr otyshahat ltﬂbwsnﬁ&ﬂﬁg sgpasaipon olthe reactiysgroupiandat kast ang of the Rerdwai nary skil |
d " Edifipdtichis o%tiYcat%eW{t 9 a %E e Ol QRBEdNABn ST IAvéahiln Rkt s hydr ocar bon
cha Ins nmay be utl zecsl In the present. knvention.. Preferred hydrocarbon
chacompased ofia hy«hoaarbmm oo mmepplﬁmhly, t:flari‘gdmgfbbeclﬁmmht!ked tnaphe fam |y .of
al kanes,, with partic referred. linkers ran rbon- -

at O?WE?T hegeroary gﬂf‘g ?@J%rgg%%wezﬁ’fovﬂr%es aqds “8?'% SRPArRen ﬂlleﬂvgca 6‘?%' ﬁirz?@ embodi ient
of Eh@piafd e lidking &8ep.| i nker. is a phenethyl;. aliphatic am de, or
secondary am ne group. 20 Detection Enhancenment Conponents_ A detecti on

enhancenent c&spaHdgunderstogd by OH%PEP’H‘“aFYe?ké'II 8 ey, HAAe®f of the | abeling
1410 ﬁ%&o&ﬂ@hn él?a%sl dnh%ﬁ?ﬁ%hﬁﬁhéa?ﬁbxpéhatng ‘?tta‘}rlﬁtlﬁ'ltﬂe(f WAGARRY Sreddit t he mass

spectronmeter.” Accordingly,” the detection enhancenent conponent .can.
pr oiriveatien. pysfettied dlygrocarhan ghains which arezataghrddp ey nhﬁmémwgrwmtoaﬂ gn

00 ths MRt B RS v R B AR Bor 01 b W SAPABRT cablon Ring PO can

proW By I°C specl es. Ui Hentat1on conditions
i N abd 2O cafdofalodiEhdength. owtaaﬁapfefataaraaﬁroduﬁm ofmhaymceﬁtuhrbehdiﬁﬂectl on

enhancement conponents, the ampunt of ionized speC|es present wi l depend |
“on ﬁ?epl}@athut jaliphpticamide, or secondary amine group. | _ _
20

Detectzon Enhancement Components _ _
A detection cnhanccment component as used herem, rcfcrs toa pomon of the - '

| -labelmg mmety that facxhtates detcctmn of the protem fragments in: the mass spcctrometer o . . ) _

Accotdmgly, the detectlon enhanccmcnt component can prov:dc a posmvely charged lomc

25 .spccncs under fragmcntathn condltlons in a mass spcctrometcr lotuzatton chamber or the _ '- P
component can provide a negatively char ged ionic specnes under’ fragmematton condltlons m .
a mass spectrometer ionization chamber. For many of the d;e_tec_tton. enhancement o
components, the amount of ionized species present will depend on thc'medium used:o ; e
solubtltze the protem. Preferred detection enhancement: components (e, specnes that can N :

130 generate a posmvc or ncgatnvc charge) canbe classnﬁedmto three categoncs l) components'_' :

o that carry, “hard” charge 2) components that carry.“soft” chargc, and 3). components that ) |
provide no charge but are in close proxnmtty to, protem residues that carry “soft” chargc
Componcnts that carry “hard” chargg are. arrangemf;nts of atoms that are..

_ substantially lomzcd under all condltlons rcgardlcss of medlum pH “Hard” posntwcly—
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sol ubi hze the protein. Preferred detection enhancenment cdBgpTidR085 (i. e
species that can, 30 generate a positive or negative charge) can be
classified into three cat egori es: 1) components that carry, "hard" charge,
2) coppaonepts, that carry:"soft" charge, and 3) conponghfgsgii@bs, Provide no
charge but are in close proxrmty to protein residues that carry "soft"
charger Conponents that carry "har.,", charge are =arrart genc\Wf

at Oditﬁrgddt@tecﬁdixecnhancemem ubmpaxmmahtlydfr, bni e ajottjndrecrd tal tetraadlayliori ons,

regardl ess of nedi um@g Eg pOsi L veI i é(ﬁ({hl-al Otgd\é\p 02/ 066952
PCTietyazsy} #omsaiupLEPYRy e ?b‘ﬁ %‘tﬁ%a{’r‘.‘@&" A %rﬁ'p% NCiude, but are

not . Ac”laftémxeléi’ocy@:ﬂﬂ hAadhkitoaByl (e.k Shyridiniyim) growpsi tHardT Aepasivelyehagad kyl  or
tetraa phosphoni um groups, and N-al kyl ated or N-acyl ated heterocyclyl

anddttea;tmnmambm(res gxcludpybqtaremqs rlﬂmtgré &ﬁ%‘ma‘%?fd@tf%é&étqf‘e}e BiPYueRar ged
etection co t kyl or

fet raacyl bor@?e g'&%'tﬂg tﬂg %g'%o SQ%L %tgd; dt?ﬁg#dcggb%@gogg??{se%ﬁg?ge are

ar r gingedrni pHabowd antﬁald\hateuaﬂ@a réspedtively (ae., basptHindiagids). oWithisl thev t hei r pKa,

respectrv Wth cont e current

i nvEPRIEHP ‘h"é’gf'f’“t 'B?S%‘]t‘toi“ves"gﬂaﬁodg'sve R AL c'f' ?10‘2‘ gs bé‘g%s‘%\nﬁ ﬁkato?

gr egte%{crm}grg &Lfermefga{aa&Itryanglroeaﬁcemoitrpaéfcfhﬁly mmbrrtmmmrw&bmabé y gr eat er

t han : hin the cont ext of the current inyentio SOfIE Gegat ive

chapggsxtrqﬁérweewaxeﬂ@& oefynegatiye ﬁ'i’égg%sf'“‘i'ﬁdel tég%e ?r@ﬁ” hapkagh oreferably

S?ﬁsg ] 4% aﬁdqgr ?@?%Iz @és?il‘?aﬁ@bhﬁ{d Jn%@t%rét@r%ﬂly]less%ant heaext Eﬁ?@?ﬁesQ;f pKa, the

SO char'ges approath classification as " charges. "Soft"

pos pl(laythbysaﬂ’fa;hg@ds ambmtqlasntﬁcetrmleaScbnléth%Wpoﬁeﬁtf positivelyuehargadut are not

limte , and 3 al 0 | grp ed and

uns GB@Fﬁ“tr\ﬁ"@ﬁf“‘t‘?@tﬁB?W"ﬁ?&i‘rﬁu‘{te W, Bea'r‘g;/}I [%d?(.gn,l 3 % b &gtps aI kyl

. or %ﬁworﬁﬁngﬁfupmassmﬁtea Hhden@bsitied haad)cgdplmndlhammgrﬂlapg, 'Sof t "
negativel y-charged detection enhancement conp onents i ncl ude,ug) (9 are not

| i mpyediniusm) expyep) alkploranyli Schyff brsg g dpige §F°é’af;§" gyayging grodps) | “SOll 't onat e
lgro'ﬁ'ggat v@[}gchat |deQEtu§’r{ YilhaRORSREesRbhefls indhRSHli akEndd liadiRd to, Gyt bot h " har d”

charged groups, as will be understood by one of ordinary skill

| n tOher}'Jtptrbmtyﬂme grovppkl or apyd syl Evaterapnns darghpllerd ondrt phsvighasptesposi te
_ pg éo For exanple, within various enbodi nents, the counterions for
posr PtPé‘f’ &’Fged groups include oxyanions o'f Iovver al kyl -organi c acids
(e.g., acet at &prbothlahdd endit‘mﬂt—"cahggad groaps, ds wiltbgunderstqadibiyfdngof oacet at e) ;
arid. organosul fonates (e. oI I. n et hane sulf nat e The counterions
for Qrdigamisiill 1y thaarh, é%lg"ﬁl"g%ﬁgm; Eam‘f Y%%?&WBP%“ oﬁ%ﬂ%ctfﬁt {5t ons, . al kyl

FHo¥ lexarfiSTERIMHHA Y At &ls! ibddirRés; @Ilckd()hn@hoﬁ’d fist pSsitidlefyoetatgad-gréxilsi ons. 25

rrporrettsl‘:'h at-are neutral -but are in  close rdicimtyto pr éeln :
resud@lséew)’amons oftlaweratkik qreanip agige(ege agetate) )”é‘%ﬂ@‘a“ﬁ’l ARG #dds §&yi nit 1 e;

gl ut H‘ugrog‘ce'ta%) M &E%Po%[lffe&at@sc(e 9) P\Fﬂt@f;ﬁt%lmocthanc sulfonate). The

countenons for negatlvely-charged groups include, for cxample amnionium cations, alkyl or

-

aryl ammonlum catlons and' ‘alkyl or aryl sulfoniuin cations.”

2-5 o Components that are neutral ‘but are inclose] prox:mtty to protcm reSIdues that -
carry “Soft” charge (e f Tysine; histidine, arginine} glutamw acid, or aspartic acid) can bie
"used:as detectmn exﬂ\hnccment comiponents: ‘Tn'this case, the label carriés'no ionized or

- lomzable groups -and thc'dctectlon cnhancemcnt is provided by a nearby protein residue hiat
arries’ dliarge Wlthm the ¢ontext of the prescnt mvcntlon close proxlmtty s deﬁned as

30 thhm ‘about-4 residues’ from the labeled tcrmmus of the protem and more prcfcrably W|thm :
about 2 tésidues of thie labeled terminus of the proteiri. - '

The detectton enhancement component of the fabel ¢an also be multiply
. chargedor capable of becoming thiiltiply charged:. FOr. cxample ‘a'label with multiple _

: -ncgattvc charges can mcorporatc one or singly charged speciés (e. g. carboxylate) or it can
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used: as detection enhancenent conmponents: In:this case, ti18Aprile05
carries-no ionized. or ionizable groups, grid the detection enhancenent is
Pr ovigiggyiyesd neai by’ protein'residue that cart . chaf n-the context
of the present invention; close proximty is defi ned as lggx’llﬂh’h n about. 4
resi duesfront he | abeled termnus of the protein, and nore preferably wthin
abadutorporatesind we snové miultiply alinepebspdties (vigmﬂ\o@i)hdtdﬂe {0 a@é;ﬁmmafhe detection
enhancepﬁe{ﬁl conponent of the | abel Can Iso be ‘{mkf‘é‘r charged or' capabl e
of HE2BWH HhAGmEPHment thaeuenma%teﬁ 5wg—rau bR %Qxﬁlaﬁﬁﬂ #iHl e negative
chaisgmss egafiple agerya%ah@cam Dite éﬂe’ﬂeﬂir\é g r(ag BV T8 A)8s Guachidl ROXY | ate) or
It can 35 18 April 2005 WO 12/ 06695 CT/ USO 1/ 49951 i'ncor por ate one or
m)r‘be pateinpMethada pfettrchingsiobgnieogrboxislatesde aragins and etherspeasemeat i ve
Frgp vend nul,tipl e

?\ER\ E'img{%itg%iﬁrghrmggé orp%ex“?altj;lﬁf'é‘9 4. P‘PE”'?}“S o\gg? g{at ?%ﬁ%ﬁdc hel ati ng

agdhbte@xs apd PoBpEplideDTHA) Mcmuatkaoh@d PROTEINbﬂ?quMImde)Qd&b of attaching

I am nocar boxyl at es ft, eprotel n ot her eC|e are .5 well known in
PtMA%gG'cr\iQ#\S@%ﬁp"% eng g Gk aﬁmencafs?i@ﬁw S8ty *n"Vi vo
CheWaHﬂ L%amq:ect @ep mzm«ﬁmawpeptmt;@&t dtélChWDbFiMTimg% PROTEI NS:
FOOD, NUTRI TI-ONAL, D PHARVACOLOG CAL AS Feeney, et al.,. Eds.

AmeYangzeh abHincanigagehan y8: 24925 A89Bn, D. C. | 1982 pp. 370-387: Kasina et
., B 7 t
G B 000, YA i 88 SR el ot e

: c‘a-gmm;g ¢ iethatds. abeq" hiectddbiwese of sklllACtlmSm pi?qrenlampller:glabamgwods

 aee e-to those. o nth r_exa a .labeljng noiety
- bear?'ﬁbhm%w g R bk P b e iATR a5 S e (g, , ol ot
- di adthylenddfantine). ¢h RYdpeetenliafié s@ithetic Rodte,(ROPHIRERM i@ InhotRp Y&l route t he
diam ne i s nonoprotected using nethods known in the art and t

norfPghedeorg '&Fher?é‘ ndithe pon-prodeshadaanias ojetyisiuksqqaently dislkyjatgd a speci es

be iGNAY 9¢2- yl ammoni um
LS ot 8 sfRfEs Bead i df B Rl YGRS (£ J0-biomioBl O TRENK AR P00

r edrmmui;) (Aldbel)). n@eprspenoless:bgalﬂrc@ganzed methtods povplzs atrtactive hﬁmty@ Many

such Si Ies |croute r abel i ecies will be
apparent eta""%%ﬂ ? LRPYUYE fﬁé?s nMa"y S'ﬁ'_‘Bﬁ’ S%Nﬁ?é §1"§%§33ml@ rnponent

. Thechafjed lEbeEnG$p@oiRt Wiltbe AR NS oneSoftskil ipahd en of the. |abel ing. noiety
which preferably exhibits a unique ion mass signature in nmass _

spectronetric analyses.,.. The ion mass signature-conponenti.ncludes
20M0i eties: that,o,giWﬂp&,_,ﬁj,ﬂ,;&gg,g%,)@,,; oni ze: under: conditions.in which
proteins ionize. (e g., aromatlic. carbon. conpounds) as well. as nolecul es

t hat readily'Thei 1on mass. signature component is the portion of the labeling moxcty which
'_preferably exhlblts a unique ion mass signature m mass spectrometric analyscs Thei ion mass
51gnaturc component includes: mmetles that do'net efﬁcnently ionize. under condltlons m. ;
"~ which proteins ionize (e.g., aromatic carbon. compounds) as wcll as molecules that read:ly
25 ionize under protem |omzmg conditions: to generate. multlply charged 1onic species. Both
types of chemical cntltles can be used to shift the ion/mass signature of the ammo -acids _qnd_ B
. _peptndes attached to the label (after. ﬁagmentatlon of the labeled. protem) in the mass
% spectrum. Asa result, the labeled ammo acids and peptides are readily: dfstmgulshcd ﬁ'om
- . unlabeled amino acids and peptides by thalr ion/mass pattern in the resultmg mass spmtrum."
30 Ina preferred embodlment the ion mass sagnature component imparts a mass -to. aprotgm
fragment produced dunng mass spcctromemc fragmontat.l_o,n that do.cs.not-. match-the _r_eslduc
 miss for any.of the 20 natural amino a<:|ds . _ “
.. In a most preferred embodxmcnt, thc lon: mass signature: camponcnt lS any

clement that exhibits a nuclear binding energy dlffcrent from the major constituents of - .
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25 ioni ze.under protein ionizing conditions to generate: 18Agril Rbg5 char ged
lonic species. -Both types of chemcal entities can be used to shift the
i on/ mass signature of the ami no-acids and. peptides attached to the |abel
(aftew(jgzz(ggg%@t ation: of the -labeled protein) in the J@msgsephREtrum Asa
resul t e l'abel ed; ami no: acids and peptides are

readi | y-df stingui shed from unl abel ed am no acids and peptides. by their

i on/pietsins.pdhe majer fonstifuents Déslﬂtttll\m@fcrﬁslsl blp@c’mftﬁn Ds@mngmualeptrluﬂd;nx ed

enbodi nent,  the ) ure Fnassto.,a protein
f r agERGIes i SHUE%QRﬁUiEI 3@8@@ ‘B@?t &g‘l“’gg ?‘F%)lﬁmﬂ’fﬁt bes. not:
Mt Glidueford MadsGiMaturedase those éi&)lerﬂﬁ i dhe ﬁﬁoﬁ&tdﬂlﬁivrtﬁﬁtdﬂ@rc&xﬁhﬁ&rs - . In<
anost preferred enbodi nent, L on. mass si gnature:conponent is any..

el erla@meev HA(CBsand BT {1)- al’amfelaéurprsfeﬁaﬁi REPEAET QY Ut AR BNES S8R Ehe naj o
%On%h\i)UﬁMonhe éﬁcnl@d&&rélém&ll%um&z{c%ﬁ%% f@éecljl%%k/e‘l[]g?.?fﬁjg%m eins. The

maj or onstituents of protelns are: wucl ear
bi ridl'lmgnoseplefdgtedslmntsefpmcaﬁ lemasmgmtur@ cmcmtsrmeﬁ\qst: anthatamicFi gure 4),

0GB B s B o B T B Gy R AT ® 1

Par tdfend 1abdl ¥s pdchfof tiesitlelemente exkibit owo snableasowpm offedisghBi gual profortiogOMponent s
-of the | abel .include elenents wth atomc r]‘gnber bet ween 35 (Br), and 63
( Euyand nyglearhinding encraies the differsgpilicanly fipmy the periggic peals patfesm abs5r€d conponent s

R & ekt fagniRh@Aifthe MED S S BRALME CPhSeindits i'ﬁﬁ’d ¥k &8 p aﬁlcuﬁﬂ? " Eu" are

al'so particularly preferred conponents of the |abel as each of ese
el emeefeacdioniniss Slgmurstcampenqnmwbesemblt thegntajestdifferense dpoudi¢asns  and

nucd,ear. bi ndi n r r n|f|c fromt riodi c peak
pat ing ke ‘ngﬁ’ ‘%”%a‘c @éﬁ“ﬁﬁé ‘r%gtg nt'grflhe 'ﬁa{s Reqi a%‘g@%"?‘ﬁonet er. The
el enhéit @e Ireaanyd m\c‘o@bﬂtéﬂﬂ 160 1ptedld. | Trahstidy metadd € kdthin e prrasns‘re@ hghabur e

conmponent exhi bit .the reate i fference in nucl ear i ndi ng
enerRSK CT‘F% “p%’l""b‘bll“&“p"‘r'%la@lr C'FF‘&BF?@Hg cprgiten be 'l“ﬁ‘érpﬁﬁt’ég‘ie lég?lﬁm and
1%60%%ﬁexadebeumﬁ‘reo the RAbWY Y (1eRi el AL, Bodonf: alea@@nastr,;rseasstmqmmt als are
within the preferred and nost referred |IStS of unique ion mass S|gnature

el er?@fltﬁi*} (adingcah abi SnPHentNr: §894036kehelateso | abel s 15 as chel ates, similar
to the known , 76 (1994))
and Eu (Zarli h{n“@grgfubgﬁlﬁ%hga‘@@ent "\{gﬁéﬁg‘gﬁr@gé Xnﬁ"ﬁﬁ‘?b@ I n anot her

' enbmﬂeamﬂty usmgmqlﬂplylcdnargedtkﬁ)elslS;mhtauneltrpbrmmrg;dﬂahchyarbmcorpnramm by using
a multi hay.ged .| ab Such a nul ti bel: -can i ncorporate an
o1 el i irmanele gt Re ferdy R rbuRer B pt ARenB A ol e y o
R enRiledr Bihdh} SfierkiBs BAhAGE HRARAjBE HdtsMg. c@mmhes Subh tRifze Sthtek hﬁz 8] Or

' prote| n constituents. Such charagr% st at es be formed wth ard" or’

* s offermegh wigh Chswds) arasefiorgrcombination gf dhard ) pnd: “sofiz charges incppEHtiB® into the

| abth aM:'L' tMuB dﬁle “RAbSlchd QAL MEs 6L AbES2 BR %Fe’br@feﬁ@&' A rﬁﬁﬁipm ‘?rfaf‘dr”r ed. A
charge state of 3 is most preferred when the label corisists’ solely of elements with nuclear
bmdmg energles similar to C, H, N, O and'S. A multrple “hard" charge state of 21is ‘most

25 preferred when the label contains at least one element exhrbltmg a nuclear binding energy
different from C, H,N, O, andS. _ _

As will be understood by ¢ one of sklll in the art spunous mass spectral peaks

#3an atise not only from the fragmentatmn of unlabeled ammo ‘acids and peptldes but also
from |mpuntles in the sample and/or matrlx In order to further increase the umqueness of

30 “the ion mass slgnature of the label and to be able’ to ldentlfy désired labeled fragment ‘peaks
- from “noise, it is preferable to Shlf[ the labeled ﬁ‘agments to regrons of less spectral noise by
optlmrzmg the mass of the label. For exaniple, it is preferred that the label mass generate an' o

ion greater than l_OO amu-and less than 700 dmu:’ The upper limit on'the mass of the_ label,
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charge state of 3 is nost'prefeited when the | abel consi gagAmivbedyyof

el ements with nuclear binding energies simlar to C, H'N, 0, andS A
nulti&pl e""hard" charge state of 2 is nost 25 ‘preferrﬁg /\rqgﬂeln he | abel |
cont MY east one el ement exhibiting a nuclear bi RaFhgPeR&gy different
fromC, H N O, and S. As will be utideistood by one' of skill in the art;

SPPEingWRciRmed BHaRE hdks REAkSon 6Atheaidss Spacabmemt yselr MMshgy be égigent ati ori of
unl abel e2anui no”aci ds and peptides but also 'frominpurities in the sanple

andyancreasingithe mokecyat aveighd of adewanolpgdarancightdahel ephyirsrsasiag e 30 "' the ion
ma i t hiR e abl e’ to identify desired | abel ed

f rz‘é'r@ﬁ?@%té‘g‘fﬁgs ((-;;’raodr?@1 lﬁgggléla?%{é‘?é preferable to shift the |abel ed _
fragment s t o Aresjiepnaivefmdtiashfos pectidmi'a mare spiqubinasopgnatirgithy t he mass of

the | abel. For exanple, it . is.preferred,Th the | abe S nerate an

5 oﬁﬂ?‘g&g 3}0“‘[‘%En‘OIB%Pfa?'?ﬁeLft“A’#‘d'SB@’. Sf'htﬁﬁ I;Eﬁg(ts%er’rﬁozr‘exg'%‘?lrﬁgg 'peﬁ-g?’ limit on'the
MeNuee BibGcAREl7: 984.998(ARLY). KERQRaMElDRY RE6bALRCE HERUHRAB1 bei ng
determ ned b he mass resol ution of the.nass spectro used, This may

¢ . ter
be mintmlagdén&mmgart%bﬂmgébe PEFteifay g SQ580 RIXtYRg #E‘Pce‘!ﬁ!ﬂeé?te%i ght | abel

or a?‘ nl)rq&é’u?&zﬁéa'gabtcﬂghcf @%{pﬁﬁ g@%%&%%ﬁsﬁ%eﬂtshhﬂ hndiRdELhL 1861 281 ght | abel .

An “al'ternati ve netAc ng & nore uni que nass signature to a 5
| ateabilynigenrificdtas eiqsaltyointensodpuretsconetas icanass goagseending thibe bpdstss (see, for

exanpl e, Gygi et , fure Biotechnol . 17: 994- e s or exanpl e,

105y, e otk it UL B AL B BRs cofbpoRtHE S dfe e b 04 PECR: R
t heleRfepited RbMIVith 2sRRidpd M8 athull B ®prelfdifeddnbiodinedngdhe mask diffadacdtier at ed

~label, the resulting singly-charged fragnments },hat irl)clu"de t he | abel are
eagnerg thancabeut | amuakthedingld shargs Hake Iy Bisanet Brefesied epbodimentthedmass .
Corc{iﬁgrgg&qls BSrd Soduld'® 5 PSSk §6 akfh Wichdsihfie cﬂQFé’ﬁh’tE.e TaE Sstolbflon@d the ot her
at e nmass corresponding to the species with the deuterated |abel with a
s paniltigled$ot@peamf eldmeatsthatfexhibdonusidno Hindie enenglies sigmsfecadily ddfesantée is  Mre

-than a anu,.at. the -single .charge _state, ferred

lsengg‘lﬁ‘?i#i]\'l’ pn@“?lrgsﬁ p'ﬁ"? FEr caéldiclgu ?lrg Fﬁ“ét%}gu- Oshgﬁcgg}g%%%? Jufgfhgrru at the
Si NghbiChA@RirsltiabBpic BBendancsy grabatii 35®F  nul tiple isotopes of el ements
t hat exhibit nuclear binding energies significantly diff reﬁt 15 from C,

FL, N, 0. and\mother methed for RoVIRNE Aot niue Mt YBAwrelaa fabgits o red because
t hengsh) Ried inw@op.ﬁ&-y britkubSO A1 Gandor 3HA SRR n@bn 2SRy thdRbR Suckat her. met hod

for providing mor e uni que ness signature to a |abelin noiety is to-
i ncthe porrespendangriettafi fragmentyicaks iszpasilprecognizabla i sha mass spedrught Bt he | abel |

uch that . the cofresgandi ng. set fr o ) . .S, easily recogni zabl e
-zqsn."-’&‘f‘ﬁﬁ’?%'g’.sp‘gtﬁg‘c‘%“#‘u ﬁq&ﬁgﬁf‘gﬁﬁ g‘x‘%‘w}a‘i’é?ﬁg "ﬂ%ﬁ%‘h%*?%?‘éf'*ﬁ%éﬁﬁé{%‘% abeled with a
i Xdrt#meniai gouped thelame tabel iansordainsadinmgthylethylmnnionmny goup iepldcd he. sanme

| abel -that contains a di methyl ethyl anmoni um group i.n pl ace
- of the timethyl ammonium group. Tt¥is ,aberg rxIn_TI}l)o::ty prodgces.t\_Bo fragﬁne;?t on peaks for

each amino .a_c_id in the scql__xcnqé that differ-by.14 amu from_each other. It wil-.l-.b.e apparcﬁt to
those skilled irt the,art that many,such cornbinations can be derived.- |
Reactive Groups _ _ |
.. Athird 'c_o_mp_o_n_cnt of the labeling moiety is a_fun_ctio.nal group which is
feaét@yg: with'-t_he_ N-termmus ammo g?pup,_ tﬁ_e C-teriinus amino group or another constltuent
ofthe N: or C-terminus amino acid. T
30 . | g R Tﬁc ‘r:céd,ii'ﬁe functxonal group can be l_oc_ated at any posit_i_ot}' on _thg t;i_g. For.

éxai;mple, Q‘Q-réaﬁi‘\(e‘- groﬁp ca;n;bc.a located an an aryl nucle_u_s' or on a chain, such as an alkyl

: bhaih; a,_t-ga.c-hcd_t() an ar)l(l-- hucl’é:tis, thn the r_eact;ivc group is at_tag-hgd to an alkyl, or -

_ substltutedalkyl cham it'g:;t'l’xére_:d t§ an aryl .nuc_l__étg;s,‘, the reactive group,is preferably located ata )

terminal position of an alkyl chain. Reactive groups and classes of reactions useful in
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of the trinmethyl ammonium group. This |abeling noiety priedgie2005v0
fragnment ion peaks for each amno acid in the sequence that differ-by. 14
amu fromeach other. It will be apparent to those skilled in the art that
many: Y@i6H0&dIthi nati ons can be denved. 25 Reactive G dPgEURIHMNd conponent
of the labeling noiety is a functional group which is reactive with the

N' te r%t&%%fﬂghpegent%\%ﬂﬂon h&% rtaﬁ Fﬂo@é‘ﬁla WR1IKNBWR u? thedffQdgner constituent

term nus am 30 The reactive functional group can be
: I ocai:o@bnﬁﬁgaamhepmwyt IG:metlytfmw(h@assFﬂ}If reactmmmbd;ost hmlqhqacctaede group, can
be Iocateeéi on_an. nucl.eus or on a ch chai n,

oLt HOMBE Rl TR PO 4 o5 pevisgo P FedadeoRT Sl sol e iann SO o an

al kyl, . or Suma.ém[ﬁdp@tek&h cﬁhalsmd‘seluﬂet@dtﬂ@mramlnmg@hm& zhe
reactive. g -1s preferable‘; cated at-a termnal p03|t|on of an

& kywrom.(mcl he Detegningpksinglyde, cfPfa‘§‘§E‘§‘eoFrY|l Buedqes fseeusawest Fn 38 18 Apri |
2005 / 1
B,V\ﬂ.e% ﬁgggs%t?iﬁf’&%;@@%/é&% Epr;%&w DR hDEs @raezﬁs%uﬁanm% gPé} are

general Ty f'H known in the art of 'bioconjugate chemstry.
Cur r @t HyFdeeman, NI cll984 ) dieddrwiaserc A, anrsMeth@istih deymuiomh 26:686084497)nder

o g Tl S0, A E o BT 205 R RSP RSN LPGRARLT, o o

gr OU@scal, W. R., it: oﬂ@hm u& ms}mbgyg zShemB'z AT Y)USpanateL{Seske, GFRY, irexanpl e:  aryl
fluorides (see Bi ochem. J., 39;507(1945); Creighton, T. E.,
. ¥ ot Metheds &Emma#osx. %nwsmoe@ama ipthipgeyiapates(Niga L ... 1o: ddetliods iRy, 1984) -

_N| ed 9 d Hi
L iy 1o LK (PR AMAReCRIVARISTY, CoF; s 1Ptk 6%3??2ny| o

Chl 50 (1982))( Mrarsiroxyguchinimidy] edvkss bloesant A Enetakol ddel, Bog;, 1042438261 1972) ) |

t 0 t E | 103- 120 (1972
?ggtr]ﬂtggé’g)aﬁ&%ré'é“{‘ﬁ%&rdmﬁﬂ‘ AD} o4 DNfier, B el ‘P@?/ 27: 9, 45 10
(18;%1&::;%&61)@3&%@rcSrb()@lb.ﬁBgﬁ(lSoﬁr?orSIT&lG Ogganic OhenBstog (lehn V\me@c&?ll go |

I OXYSUCCI ni m ers 1 Ol .,
04: %@x@ Dlgys 1 (@g#éﬁwdeﬁ%gvrr%/ys% eé'éa’(é%ﬁm@ 40&/}3391@9@?”“% etﬂgb Biol .,
104: 3@&3}%@&7@)@9 537*9'(%%?fahaaﬂ(gﬁén@eaqn@aamfmlaﬁ@ne@ gvigaetgens, T. WG

Or gani ¢ Chem Joh Sons, NY 6), . al dehydes (Novot ny et
, et/ahaBiol meﬂpece@ma& 1019%925 @ﬁal)woﬂr@fmd examples-of chem@@at orat agr aphy,

e e T L A
c hem[‘QHlG ,dpaiic Ohemts&yt(hﬂin Wilay & Sorts )INVHE 763 Niexifieldy Bowpienod, pr oteins are
3Rl 5L ok L HoRS 1 /L ol MHIA Enpistogy, 24 U ey & Sons:
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 (_1_990)); Both
* of these carboxyl labeling approaches are expected to abel carboxyl'eontaining .amino acitl' o
tesndues (e.g., aspartate.and glutamate) along with that of the C-termmus These and other
25 usefiul reactions are discussed in, for example March, ADVANCED ORGANIC CHEMISTRY 3“i
. Ed., john Wiley & Sons, New York, 1985; Hermanson, BIOCONJUGATE TECHN!QUES "
~ Academic Press, San Diego, 1996; and Feeney et al., MODlFlCATlON OF PROTEINS Advancee ‘
~in Chemlstry Senes Vol. 198; American Chemical Society, Washmgton D.C,, 1982.
' The reactlve functional groups can be chasen such that they do not paxtlcnpate : e
30 “in, or interfere with, the reactions necessary to assemble the tag. Alternatively, a reactive |
functional group can be protected from parhcupatmg 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 wnth a chosen set of reaction conditions. For examples of

=™
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'20 232:341-347 (1986); and Horton, H R, et al., Methods AgrilBoaynol ogy,
25:468 (1972)) and carbodiimde (Yamada, H, et at., Biochem,

20 4%@@'2%%%)1) particularly if stabilized using, ng@g@é‘? ccinimde

arek, Z., et at., Anal. Biochem 185:131-13 S Both of
these car boxyl Iabellng approaches are expected to | abel carboxyl
CORkefuNprd@ctkrotss, 56 fhr ck@npRLBFehed. al., RRpAEGIRIIEGROPYMDRMRIE) al ong with
that of the Cfermnus. -These and other 25 useful reactions are di scussed
i n SYNGHEES Aot Wileydy Sops. NowARED ¥GANI C .- CHEM S RY, 3 Ed., John Wley &
- Sons, New Yok, di985id mm@mﬁu@tuc&%%ﬁt LBk Efcten ddadg © Press,
San D| ego, 1996; and Feeney et al. FI CATI ON OF PROTEINS; Advances iii
Chemt ot mpreEleomw (Figgte. S)xgaodnmﬁhgmraﬁ) @ham éelitalgg(tab@lsymcwsﬁf ngton; D.C.,

Th t f h that th d t
pa?’f‘?'B?'Bg?trE‘?Cac m'lé:] 8% if‘?f(g ’fyeg‘é"“ "feh4°%%n f‘ 5 Ofgékga#g ssgry tgyasgepﬂgl e

t h%xﬁ:aapncdilntﬁdtamwahyberaardewde; y¥ewell shetheidpaimcRlly Aailabiebpnthect ed from

partl cipating in the reaction by the presence of a (i)rot ect] na group. Those
of substiteted arvE gpsbogyiic acide r S4lhatheniahrls sanhetustably prepared vigibsemmalier | onal

9" Qi Rodilthtidn bR aryl ca%tﬁ@llc QQEH o'r Q{Réﬂ(:&&? £ te@o € mﬁﬂd§ Sdr tRém{nGaAGh | On

conditions. For éxanplés of 02/ 066952 18 April 2005 PCIT/US01149951

"~ usahd Iloq@ma@lpeof amg\ag¢ efupsoundeerc WdthWI those@f glihlanghe at and PROTECTI VE

NTH Y, 91. Figures 5
RopbB I hison G Soupe oo oo SR M, M 01 20" S ome
or O 2udCasuserY, A" @, dohy Wileyi odone Qhe gmkeu ) thatagn®ill tSuhérabI e | abels
include, 5 5 broponicotinic agid, 6-hro é&roxy quinoline-4-carboxylic

acieBPreaiasthat the grkaryhe agf rew eaetedywaal fagdang Q1S sstermewr as ot her
Corw’emaatnkx pRYtBin! ahhﬁ.ohm*neaam.au@@ bf thutlaﬁuﬁg YdsidRt RdidsGhaghds. Still
ot her | abel’s can be suitab prepared via bromnation or.iodination of an
ar yhajentythaxe/an ionaebld ndrogan B‘IOUt @etsedt o onmnrhemen fgrowgeetdtibelowdhe br onmi nat i on
dI% c}|tnat| onlof .aromatic. compounds are well known to those of skill in
& °t nd 10" retlerences for their preparation can be found in general
texts such as*ahhrlqhovm&\ééﬁdﬁHantEQ%MrﬁiuﬁtﬂEMaﬁﬂﬁig médldiekdsefuldiahine Wl ey &
q C()Q_e of skill in the art witl further appreciate that the carboxylic
acigPelsdthrsesent typically activated (e.g., as a NHS ester) prior to
cont acting a protein. Additionally, exam nation of the |abeling residues
indicates that the nmjority have an i oni zabl e nitrogen atom (present as an
anmoni um group at pH below the 15 " pica. of -the ammoniumion. Table |
provides a non-limting descri pt| on of | abel i ng noi eties useful in the
| abel s of "the present. o I - '
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40 18 April 2005 WD 02/ 066952 Table | A3 Generic Mass. DdBepmril 2a0fel

A

noi eties carry charge (positive or negative) for M ionization. B

noi eties are nass defect elenments. C noieties are reactive groups

i nka% fzg,(.ggprml ecules. A B. and C noieties are | ocabe,d;somgaqyari\l

aromaticlaliphatic frameworks. 1 A Exenplary A, Mdieties - -
R R=H -alkyl, aromatic Re - - NRRR' O --SRR 0 -ORR R=H al
aromatic. OH OR, NO2, O, F..TabjeN or other basic heterocycle R,

for
ety of
RR

kyl ,
R H

al kyl, aromatic RR ,R',R'"" =H, alkyl, aromatic R R =H, alkyl. aromatic

R R .R'=al kyl, aromatlc R=H, alkyl. aromatic. OH OR'.NQZ, d. F...
R =al kyl, aro . geiCONt @i ning heterocycle R R =al kyl,

R R =al kyl, ar rde {positive & hedalivdiitor MS ianization.

- B moieties are mass defect elements.

« C moieties are reactive groups for linkage to biomolecules.

- A,B, and C moieties are located on a variety of aromatnclalnphatlc
frameworks.

aromati c

B4
C .
An
1A._Exemplary A, Moieties: .
. O
- = NRR’ R,R'=H, alkyl, aromatic (
-- X  R=H, alkyl, aromatic, OH, OR", NO2, C{, F... OH
/ =N or other basic heterocycle
R Q . 0
. neR o |
- </ : RR'=H, alkyl, aromatic - -S“—-——OH- = -0S—OH
R C S , 3
NR™ : .
- 7 RRR"R™=H, alkyl, aromatic o] o)
-=N7 “NRR" ' _ I I
R o . - P—OH  --0P—OH .
- -PRR’ RR:H alkyt, aromatic - " OH. o -
- = - NRR'R" R.R,R"=alkyl, aromatic o :
B . . . e o | - . .-u ._ D . ﬁc
//\® _ R=H,alkyl, aromatic, OH, OR' ,\NO, Cl, F... BRRR RRR=alkyl, aroma .
o R Realkyl, aromatic - _ - :

X=N-, S-, O- coftaining heterocycle

. R
® ' ' B ~OH
- -SRR' : RR'=alkyt, aromatic E \ .

R L
- R.R'=alkyl, aromatic R=H, alkyl, aromatic,
- - S NO, Ci, F...
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0, O PCT/US411/49951 1 (c). . - - 8RR R' R R ,R'=al kyl ,1&aApit2006 OH R=H,
al kyl. aromatic, NO2. C. F... 41 18 April 2005 WD 02/ 066952 1 B.

Exempl ary ~ Mieties: PCT/US01/49951 (Z=Br, 1) (R=H, jalkyl.  aromatic, OR
R, “29"%3‘6,69%2. ..) (X=C, N, S, - - -CZ3 (Z=Br, 1) nmet 5&5%81’5’9%‘5 (MEY, La,
"Ce, Bu...; -5 (X=N, O S.) (RR,R',R"=alkyl, aromatic) (Note: The

.chel ajxn Wolr, BidGedny size geonetry with any nunber of '
coor.iB'gE;(é @‘B?’eTp‘lary C Moieties: - - -N=C=S x (X--H or SC3H)

(R=H, al kyl, aromat NO2, F. C, 011, 01 (R=alkyl, aromatic) R R=H, alkyl,

aromati c. achnent t?z aé:t i|)vat ed carboxylic acids) | (R=alkyl, arbmati4
=Br,
4 (R=H, alkyt, aromatic, OH, OR', 5, Cl,F...)
R (X=C,N, S,. '

-\/Z --CZ3  (Z=Br, 1)

-\x- metal chelates:
T~ (M=Y,La, Ce Eu..;  -5)

/ . M ;14- / (X:‘Nl 0, S)

TTTR— x7 (R,R',R",R"=alkyl, aromatic)
(Note: The chelating framework can be any size
geometry with any -number of coordinating atom:

(X=H or SOH)
X

(R=H, alkyl, aromat _ _
NOz F.Ci,OH.Ol ~ .

S0,

-—=NHR  (R=H, alkyl, aromatic
- . ) - -

" {atiachment to activated carboxylic acids) -

(R=alky, ar'pmatid

.42 -




.42 18 April 2005 WO 02/066952 PCT/USQ /-19951 Synt hesi s 18&mi¢ 2008 reactive
group, linker, and ionizable groups or ion nass signature conponents have
been sel ected, the final conpound is synthesized utilizing standard organic
5 chemvobintssractions. A preferred conpound for use wdihigeitig: pr esent
invention is the NHS ester of 5-brono-3-pyridylacetic acid (5-Br-3-PAA) or
an anal ogous agent. Wth the selection of a suitable |abeling noiety,
conditions for attaching the |abel.to the protein should ensure that the
N- or G term ngysuekist he protei nis uniformy |abeled and that the | abel ed
protein remains soluble. in appropriate M5 buffer systems. Typically, 10

| abel i ng wi | | Becethi FgagiveogroupiHger, déﬁ&t%ﬁapﬁgﬁr‘é@ﬁ@r!qndﬁ§56@“§t“m surfactants
or 8 r d net hods
hate st e e AEHRILE (Al By oSy FEA N QR SRS The To o
Sui tdiehastfyﬁemni‘mer Agivefigired ad"BpOlei fonpseoydhln tidgpreschibventioniisthe 881SL5 | n

anot her ferr di ment in is_|abel ed vmtham)letythat :
enha‘?‘fé“é o'ﬂ‘éﬁe@f‘g& celt"i/ac"?l(g E5Pp%‘§'£\ﬁﬁﬁaé‘,m6{9§?'és% “Burification and
separati on pr oGRGIRS sdi€tign of a ehiefHl¢ Qbﬂﬂfg&ﬁolﬁby, cdﬁhﬂxdﬁ@f&&itﬁﬁﬂl@ fei ety can be
detected by, for exanple; spectraqs Ni s, fluorescence

el edabelio dsinfotershruldastredref thﬁﬁt?%@ﬂc'ﬁﬂﬂﬁé{f the H‘%@BH&HE'@OW 3{’@)"“1 and
t he Add&ﬁat théiﬁsaea bRReiRfech A &ﬁ&ﬁlb‘(ﬁaﬁp‘iﬁﬁr@a@@ﬁls vhiltfer sydats. thBicRfiptein i s

det ected by. UV 20 it is generall esirable to attach a chrom)phorl C
1Gabelabelmgtwidl qgrqattmdrpu@ andgr depgtenyg condaplnh V4.8 suefaotaylts ogBM draa)l y, for

. det. f.l uor.e ence tro ho ref-erably
att :% &Pa[ngya[ urea b(}%ﬁ uppr %Bﬁ%wm?aﬁ%g%&%e[hoﬁg{gfp rzg)l(% ‘ﬂﬁaélrué)scen i
Eu- casi tadr@feaoﬂthsiaquyte& sadhipl&to ﬂsmth&lbmbmﬂfmsuduﬂo IBB lbuempsxyed n
succinimdyl ester is an Ntermnal, -reactive,

brom ne. contai ning-fltlorophcsre- (conunerC| ally avail abl eTrom Resear ch’
Organics; . 25pgatmableitRdizsQ and Ml ecul ar Probes, catal og #C- 6166,
respectlvel y): For ESR, the: detectable noiety can be a free radical, such
Bs a noiety |ri@lamathfrgp@fwe@rea@dengﬂdbpprwrewlalzei*mi witlhe alofety Gratiet ect ed by

acoctRinE R Aech By Rt fic ploBd i S LERot bpled BT,

pr ef electephevekio)]i Tiendetectdbie ldetcgctaatﬂeedammdtw fos- emnfqilu,cspeqmimsa:@y (e 80. Many
uorescent | abels are co avai | abl e frol r.exanpl e,

reac f |
t he ltgk/ YEeiCEnge: ElSHEP! '{§é??ﬁ“°ﬁ 'I\ft‘jla" RN rgnangs (5 ( Eugene,

OR) , arfdShe ﬁh(c%t @étscnon(dvlrmﬂoé isotop¥yerc. PWﬁéd M8 ploteik h%&ie?éc@édqgfw}wgy
(Piscataway, - NJ),  CLONTECI'4 Laborat.ori-es, Inc..(Palo. Alto; Chen Genes

br pit is ganeajly: Hegirablanip @firchabehsampphorig label tx the prajgin (e.gy ehcrmlagé%fh hie:,
G BCchRémlnla;@, F&%@%Jn&%f fuoreftencd @E&&%E@P Y'fdorophore l,s_pre_ferably '

attached to the protein. For example, Quantum Dy ™ is a fluorescent Eu chelate and 5

carboxy-z 45" 7'-tetrabromosulfoncﬂuorcscem succmlmldyl ester is'an N—tennmal
_ -reactlvc bromme-contammg ﬂuorophore (commerc:ally avallable from Research Orgamcs, :
25 catalog #O723Q and Molecular Probes, catalog #C-6166, rcspcctlvely) For ESR, the: -

.  detectable moiety can bé a free radlcal Such asa monety mcludmg a mtrox1de group ‘When |

the protcln is'detected by an NMR nethod, the detectable molety can be enriched with an

'NMR accessible nuélei, such as fluorine, "C, and the like. T o

Ina prcsently préferred embodiment, the dctectéb_lé moiety is a fluorophore.

30 . Many reactive fluorescent Iabels aré éommofcidlly available from, for example, the SIGMA
chemical company (Saint Louis, MO) Molecular Probes (Euganc OR) R&D systems "
(aneapohs MN) Phariacia LKB Blotechnology (Plscataway, NJ), CLONTECH

_ Laboraton%, Inc. (Palo Alto, CA), Chent Genes Corp.; Aldrich’Chiemical _Company-
 (Milwaukee, WI), Gler Rescarch, Iric:, GIBCO BRL Life Techiiologies, Inc. (Gaithérsburg,
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43 18 April 2005 WO 02/066952 PCT/USQ/-t9951 MD), Fl uka 18wl 2005

Bi ochem ka Anal yti ka (Fl uka Chem e AG Buchs, Switzerland), and PE-Applied
Bi osystems (Foster City, CA), as well as many other commercial sources,
knowwo dmoasie of skill. Furthernore, those of skill ifFH¥RIVAIE il

recognl ze how to sel ect an appropriate fluorophore for a particular

R@Snalﬂglga}g lthea BioklenfIR) ARSBHi 1 RUATHARL 2.5 BueRarSTlizaiibad), wid | be abl e

€ necessary or ophore de novo or synthetically nodify
corpnap\@pabd BicdyaerhafHoster Citu,dﬁbls@erw" ad By AthsT eynmercial soufees evesi r ed

| n toiee o pitaF ireerngre tost pCokih B8 WA sepaPl Ry SR ATNCERCE Zvel fani e

an appropr | uor ophore for a

par oplidte foF 8 pRitichiag aﬂidieui‘dolﬂmwtmgldillgaval@leences Pesce el
a$b@§ra[° FopiBk BY SRRl dral

rcel ker New YO0 1971);
5V\h|dommercally,, wllFb_QMS@E‘l@E*'N\lAE‘FSl°§aWXﬁF’F¥ﬂ@‘l’ W@Xﬂg {‘Walryc Dekker ,

New Yark, 1970 K&ent/ddfpolindsab akriiett &le&i&sxké&ﬂ&td@ﬁ:cﬁef erences
pr d¥P |f¥|8°'8§‘ﬁa°lﬁldsl ?a\r}gﬂ}b%eg%dsr o fl ug?escent and chronogeni ¢ nol ecul es and

t hefapell €l evant optlcal properties, for choosing reporter-quencher pairs

(see, for exanple, Berlnm gﬁlﬁgﬁégt RPBETRA OF ARQVATI C

I\/D_ECULES 2d Fl%ﬁfezt‘ﬁlé d‘éﬁ‘“PE"qgé dg?f\iiw““@oﬂrig 1971): Giffiths, COLOUR
Q.h E gg,lgx%-. CRGAN € fOdA Dl kS tégﬁl(aadieﬂﬂn[ﬂlﬁeﬁl’ﬂe’sbe fqllewmgvork 1976) ;

Bi shop, CATO?S

Per ganon Pre .
IMAWGSZPQSEQMS@GMF NERI§P'?@%SE§\% @ﬁﬁl%@& MU ar Probes,

Eu i PEEC%D,RHQSRUWNOE drnt er sci ence
Pugﬁ]ﬁlle tcfbﬁr ﬂg&%ﬁﬁ%%) an(cj)Et he |'i ke. Further, ther]e(klrs ext ensi ve

gui ﬂl@OJC‘ﬁoﬂkam dnidttisr iteu r'ré\eﬂmramd@¢1$q/lat3l“ﬂf~%f§fe1f‘élﬁéfr ?@V‘%’iﬁ‘ﬂ%’ﬁ’ﬁer
ol ecul ﬁﬁﬁér%é&fggv%[ Pogn%ﬁagﬂ? Qliesd ﬁugé?ﬂ@le'vl(nt%\{)abl@%&méseaﬁt I ve groups.

t hatiste g Iversity and utility of chem stries

avaphRidy depsre Rk nher pdid gsee] 100 r‘euplqﬂe sterhnzmoH@NhE@OlﬁQF EEWPRESCENGE sur f aces
is exenplified by the extensjy o(I er.aturevan. :{§7Brepar| ng nucl eic
15.ci SBECTRArQRARONATEMALEEYLES) 20 H’(S‘r(é"ga enBR &P or o exanpl e, nd

I(DZ ;J efrﬂ%iths Célﬂ@%m?éoﬁérnuﬁb@m BﬂbANlNMoﬁscuﬂﬁzﬁ(ﬁe&aemchnNewt aI , US

is well within the 3?#&5&\" k’ea of those of
ski Mork, 1976} Bisttopt Bd.chDi¥goas (%qia#w Regesa St particul ar

application.a eR%% & MBRChat Probefl ObE.. ol ecul e,

_ sucll{‘“éfg) Ww&gﬁﬁlcgmgggﬁml no egg ar nggtgct?ve malaerlal nucl ei ¢ aci d,
peptd é)rl992)lIangﬂQJIMITHNOR3ﬁ:EN¢EMWIPl!iOGPHQltES@ENﬂﬁr(bF}H@@éBCC Rublishergy o
attached directly.to a pr

h i gand
201 udNeypNerod 98B and e like. %‘Pﬁﬁ&ﬁ&t °g“f§‘?“ﬁ‘§l§’§§§lda Redh ‘ﬁyﬁgg&&’g?&t & lioan

derivatizing reporter and quencher molecules for covalent attachment via readily available .
reactive groups, that can be added toa molecule _ _ ) .
‘The diversity and utility of chemistries avallable for cpnjugatmg ﬂuorophores : i
: to other molecules and surfaces is exemplified by the extenswc body of llterature on ‘
' 25 preparmg nuclelc acids, derlvatlzcd with ﬂuorophores -See, for cxample Haugland (supra)
Ullman et al U.S. Pat. No. 3, 996 345 Khanna et al.,U. S Pat No 4, 351 760. Thus, it is
well wnthm the abilities of thosc of skill in the-art to choose an encrgy cxchange pair for a-
particular application and to conjugate the members of this pair to a probe. molecule such as,
. for example, a small moleqular bloactwe matenal nuclelc amd pcptlde or other polymer -
30 | . .In addltlon to ﬂuorophorcs that are, attached dlrectly to a protein, the
‘ ﬂllorophorcs can also be attached by indirect means. In an exemplary embodiment, a hgand )
molccule (e g- blotm) 1s preferably cavalently bound:to- the. protein. The ligand- then bmds to
B another.molecule (e.g., streptavidin), which is either, _ume;enlly:_dctcctahle or coy__a_le_n‘tly.

bound to a eignal system, such as a fluorescent compound of the invention, or an enzyme _thet
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nol ecule (e.g., biotin) is preferably coval ently bound t d8tApsil O@E ei n The
ligand then binds: to another, molecule..(e.g., streptayidui), whichis
eit he'wbrw@ %t | y. detectable or covalently bound to a signal.system
such as f13t escent conpound of the invention, or anPERE{HE9Fat 44 18
April 2005 WD 02/066952 PCT/ USUt /49951 produces a fluorescent conpound by

convm)dum adiuoi’esﬁﬂft coﬁbb&i@ﬁﬁ&ﬂ{vem%n-ﬂ&ﬂ%b@nt cSHgNHasS WErynterest as
| abel s i ncl for exanp hydr ol ases, particul arl i)f’ phosphat ases,

est eTHYBES aﬁ HigES e&&alba'aé%ude@ forgpmaiselydrolases; pagicuar phespiiades es.
FI uogsesiaRtand RIRONIRAESs, o BE d%@n%irﬁaﬁﬂ r&lmgse'lf:léorg& htdp% b &Sd rhodam ne

"and its derivatives, dansyl rone, 5 (?ussed above. For
‘a r eipckade Shuotesedimas! ﬂtatb@lwahgesorh®agmlan¢ntsdmangesg&tsgnmnﬁabm‘lfero@@n be used,

e, P { 391.904. . Usefu uor esce et ect abl e noieties can
5 itk SRR b ot oo B ipe e SR RrefkikouRicna tibe ar ¢
Inclmmilbngseiﬂle dXandtent Nu. t4h}9luggnlat or el ectrochem cal energy (see, f or
exanpl e, Kul a et _al, Anal Ytlca Chimca Acta 386:1 (1999)). Means of 10
det ecting f | uolerfildioresspnt|detesiable mpretigsrapde made folleoresce by ekditing t he art .

ThuSheflh aﬁy&lmh&,knoﬁvhlim&s&{e%lucﬂ% &&Qxﬂpﬁ wﬁﬁ? gﬁaf]cﬁ%l&g ch’é@ Catlng the

fluorophore with th Fro riate vel eng I ng the
r es USnErgH(ses. forraxamelec Kulimraja ef 411udnelst;@n@/emwrﬂdae38i%tl€(wﬁaj) Meaunabf y, by neans

gj;ugtiygé \E/}‘Flgléegcé(lt:&gg l?i¥e &'Q]ﬁ g\gn P(% thg?cl og:,s% i gle?zﬁté elﬁ‘ Ef%r %%Jaﬁ{hl gfl yC har ge

enz cs::eh&slblnﬂlscai:ﬁ)cnﬁ;ectekieb)dﬁbﬁmtgeﬁk Dyorpitevd With gietdproprpeopri- ate
subst r‘(Nies fo d detecting.the resulting reaction product.

The Y gfth% ﬁ'@ﬁ%ﬁt ingt ep@%'é'f‘%\@é?f"'%?ﬁyc%é'ﬂ‘&rfb'PF‘fé?P‘lcéquue and S

S €0 Uit dviBRAIP OB mEAR JrphbREraphRLAIRE B ﬁierlée Sﬁélcé?x%nlc%‘%'fl%clofr
the' | ower the cost of @Cprot eom ¢ research. Typical electrop oreS| s buffer_s

(e. ghargqsonpled degers (ECRH) or pheipmBltipbirsand thedike7 Simita4ly, &9SBintic tabels

F nconpon
ltgr i g?%y%ﬁ %%/‘?r%dt md"?‘%&r’gt ﬁg[%é %é? gbgs%%tegﬁodtt Y %‘Zt‘ﬁ'ﬁg 86‘53‘8%“4'%‘?‘? ate, that
suprregétlmm@acthmmrQMd on of -proteins in the. nmass spectronmeter. These

nent d_wi til t ,
ror phol | noal kyTIEaP EhGE BrBEN 18 SoER i iSpR ahe FRors e HERH R MOnat g ot

Suppeqehcingnhahéd, o fastet fhat ﬁ@terns'd&n%@iﬁehﬁﬁe@ﬁ&?dlbmrathé QResapl es- 25
. are:diluted, wi.t h. ammpni.um bi car bonat e-or anmoni uni' - acetate buffer to

.br 0ATHEOMIG RGpearahy Lypicabelsptspnbiqrasis hulersi(e -, Hoehstmsssr epdotrabRiackem., W m M
B 13N BHNGHIO a8, 35l £A9F) asd hdor élﬁ!‘%&?\&u‘?é@\?&ng‘?”b gl rbuffer

exchan (%e i's' conduct ed t hrough by c romat

" tns(hydroxymethyl)aminomethane buffers and sodium dodecyl sulfate ‘that supress the -

lomzatlon of proteins in the mass spectrometer. These components may bc replaced with

"other more volatile components (e.g.; - morphollnoalkylsulfonate buffers and ephcmcral

surfactants) that do not suppress nomzatlon inthe MS -In another. embodlment the samples o

_ 25 arc diluted with ammomum blcarbonatc or ammomum acetate buffer to provideé a volatllc |

. proton source for the mass spectrometer. Wilm, M. ¢t al., Anal Chem., 68:1-8 (1996). In
another embodimient, a'buffer exchange is ‘conducted through by chromatographlc or.
tangentlal flow dialysis as the: sample is transported frotni the outlet of thié scparatlon prucess
to the inlet of the MS. ' '

- "Labe'l'in-'. 'Procedure

- In some instances, salts (e g TRJS and SDS) and urea presentin
clcctrophorcsrs buffers:can suppress 1omzatlon of the labeled proteins and can gcneratc small

mass/chargc ions that potentrally confuise sequence analysis. Accordingly; spin dialysis

45



tangential flow dialysis as.the sanple is transported fr8tApril20@5 outlet of
the separation process to the inlet of the M5. Labeling. Procedure In sone

instances, salts (e.g.; TRIS. and SDS) and urea present 'I n'
el ectywopb®ees s bufferscan suppress ionization of therdubMigdyrot ei ns "and
can generatesmal | mass/charge ions that potentially confuse sequence

anal ysis. Accordingly; spin dialysis .45 18 April V\g 02/ 066952
PCT;irb&mtesmnc gnbbﬁ%ﬁoegp‘éb[ﬁxﬁ'éa“éﬁﬁ}‘g?e%'S‘FB“ PRAF mzlyi%e% ge buffer

ys Y A ghisY Rl by MEEPae) LaObERed IS (e. 7., the
Q&Fﬁﬂﬁ‘fcllypdgsaﬁd‘%l? ﬁﬁﬂs(?ﬁd e)ﬁk*r% bebtjsed%{‘ or Esae?rpl e clean up and buffer
clcﬂaﬁﬁirtdeﬂnf&amdhemeca)estiecdrsemuh?pewdb@rqsuﬁp@ﬂdw ingakMni um bi car bonat e
as descrlbed Wlm twA h 5 mniml -
ad immgpiugt bi tﬁwﬁg Vgi amm‘lr?:mé?ﬁ%ace[%’teet aglﬁ w}tb\nth 0.1%formc
gac' Snimdl mumnmfrmém@dd lof in0010 T aﬂﬁﬁdxﬁlﬁrhtamthte bufer (ittc0.i rzfeﬁbnbyc Ak (see

Protein structure and identification w.t I\/Eé W resented at t’he
PE/ ®ith eninidmkadditiorsef acetonitple 3¢ dpseribechhy Mf’f‘éfSF‘i rofgin § gom cs:

AUtO g9l Abnt h RSO RIKEPE/SRIcx BeHbn @ﬁepvnw:mFoster Cty, CA
?drTﬁ" ?&6%%“%&#‘385‘%6% |§1Hg2 rates of tcﬁecconz‘goSnd may be tested to.
enSGh&aEthﬁiatbhand Bogmicd Agomaiet dfghethfoyghput desbnelogigs g dipept i des. I n

gener al e faster fig rate. the nore preferred the conpound.
mﬁv%%gt’é‘ﬁf‘gw'&%@&‘ﬁ ﬁgg 10 minutes at 50 Cto 70 C. are
' (Eart icul'arly preédpliggratsSiontieaompoundaiay beastddan enatrethatitte al so preferred,

ecause exposure .to the reaction mxiure "ia‘é ?n e enderlgﬁerlﬁd of time
i ghempyundds suilablefprscgusncingPobmgpidesofn geper astar it QURt §

L R OBi Ry ?hééoﬂigmhﬁ@%blgﬂﬁ. gl B VARG Wik sk S0eS 1o TOFCh  coul d
e " nmass Sspectr al convol ution. In anot her%j)referred enbodi nent’,
o ne aﬂ:l’palﬂﬁd’lﬂhrlyqfrcﬁ:hed c&npbde,rftast@éacaowb FabeseATR alsprpsaferred, becaugg/ @MOSWey att ac hed

to a solid . support t b RARilsysept i de.
Var fo e reagtion ‘greﬁgﬁr "ex 35&]5%[#0?0(1%5‘? %‘oﬁ&lﬁﬁ?ﬁc Lﬁ]ﬁaggebf or >/exarrpl e, 20
15UMRLAYS idefididif anmﬁfdpfcamemdyidqaammas withesepal yyrptide sesidugs, addeh i onal 1y be

derivatized to incorporate a cleavable functionality. A number. of .
cl eavdldI%"@F‘%b%‘%%“f?ﬁ?%@@fﬁ%ﬂ‘ for this purpose include disulfi des

(-S=S-), glyc?+a&i@%@fﬂn%@dﬁnﬂmtmohﬂ\d?é\bf)the%tﬂnbﬁﬁl&tsofaﬁroﬁﬁﬂ) and
ester (-COO I nkages (see, Tae, Methods in. Enzynology, 91:580( 1983))

Sup paiktuse tMTe‘(ﬂns@lyettpdled teusalid sypportprorite the labgl Gﬁ'égr?ﬂﬁﬂ}aéﬁ‘éé such ‘as:
Segnel on

- nat é’ro )aegtlc-}r % rvaﬂgl)gs §1 isgnat)/ b%l u?«?c? ?{ s%hd s%&rﬂs “iﬂ&ﬁﬁmg'\/ﬁﬁ%x:)mm@epr esent at ive

r ucrti-on:
20 numerous resins, membrancs or papers. These supports may addltlonally be dcnvatlzcd to

mcorporate a cleavable functlonahty A number of cleavable groups | that may be used for this
| purpese include dlsulﬁdes (-S-S-), glycol( -CH[OH]- CH[OH]-), azo (-N=N-), sulfone o
(-SO;-), and estcr (-COO-) linkages (see Tae, Methods in. Enzymolagy, 91:580 (1983)) B 3
Supports which are partlcularly preferrcd include membranes such as Sequelon TM:. I
25  (Milligen/Biosearch, Burlington, Mass ). Reprcscntatwc materials for the constructlen of
| these supports include, among others, polystyrene, porous glass, polyvmyhdmeﬂuondc and
polyacrylam:de In. partlcular polystyrene suppoxts mclude ,among others (a2 | '
aminoethyl) aminomethyl polystyrene. (see, Laursen, J. Am. Chem. Soc. 88: 5344 (1966)) (2) _
a polystyrcnc snmllar to number (1) with an aryl amino group (see, Laursen, Eur J. Btaahem
30  20:89 (1971)) (3) amino polystyrene (see, Laursen et al., FEBS Lett. 21: 67 (1972)) and
(4)tnethylenetetrammc polystyrene (see, Hom et al.,  FEBS Lett. 36:285. (1973)) ‘Porous ..
glass supports-include: (1) 3-aminopropyl glass (see, Wachter et. al FEBS Lett. 35:97
(1973)) and (2)N-(2-amu;octhyl)—3-ammopropyl glass (see, Bndgcn,EEBS Lett..50: 159 .
. (1975)). Rcactxon of these derivatized porous glass supports w1th p- phcnylcnc o
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t hese supports include, anong others, polystyrene, porousi8 April 2005
gl ass, . poi yvinyl i di nefl uoride and polyacrylamde. In particular,

1 WA LUV

pol ystyrene supports include,; anong others: (1) a (2= "
am noaybybaieass nonmet hyl pol ystyrene (see, Laursen,.J. " gmmSoc. 88:
534.4 (1966)); (2) a polystyrene simlar to nunber (1) w anaryl am no
group. (see, Laursen,. Eur. J. Biaohem 30 20: 89 (1971)); (3) am no

pol ySisptucryanale leads tgaptieatedeisothiocyarpeagses (see, MWact@ai(et @7 23uprayand

(4)tpd f 1€ ] | ystyrene (see Homet al , FEBS Lett. 36:285
( 197%'?%@%@@5 g;aggsglgé&gsu%g?#? ¢ X‘?ﬁﬁg f"fg"éi:mg( ﬁ?roﬁ'ﬁ?ﬁﬁ%&? opyl gl ass(see,

VAC hiledylidixambthy eb&fath it pol ydimetRBylacilyl@idd {see, 2 LRI\ (A2 - BBl Qat byl )

3-anj.no 5 }/I | ass (see,. B.ridgen;, EBS Leg-50: 159 .(1.975)). Reaction
of t &s‘g ﬁfg.’rﬂr‘@a'e Nz%'"ﬁ?ﬂ%‘d@‘@lc damude bresr Cavadare eqnlp FdBH leawe 66:61558 Apri |
2005196592/ (166952 PCT/ CJS01149951 diisothiocyanate |eads to activated

| sot hi ocyanat o gl asses (see, Wachter et a!., supra). Polyacryl am de-based
supports are dPreoofiesdifary skilliothearwilbreadidy stilizerdpprbpRate chemiistry to

al an | i.am ne, paol yvdi met hyl acryl am de (sege, . Atherton et al.,

P EnceoBE AR Db RBE R REL I RBndty dReVegiPhie PR eepbR e bl aed ( cee.

Cav aWaclgereMethods ifFERSmobdgdy: (296 NedbSuppdrt§ #D38)J-Phdb Se@feningizeardp7skill in

t he W ll. readily utilize appropriate chemstry to couple the . '
pol y@éz‘%)i Eécf?%efwapébﬁ ang coupmsrpethodsdpsipde theatse o baminephenybalassfibey Machl ei dt
iand "pa‘ﬁ&C\bﬁEEDd\&hem%S(séé; ARBEENR DY, At BioDEW. %ﬂ?&g%sfjgppgyj?ﬂ)ng%?has e

Sequenci ng 263-27 1974). Preferred supports an _ _ ods i ncl ude
t he 813w fiers4dsqends eltl a Bépchiemel7: H860-H8EE (1 98B) indEDCHEebpdrieng ( see,

Aebe . ' : m B : 26:.65 £1990));, D.TC -.gqlass filters

( segé&ﬂé%éf?tsng?‘go%?ﬁg@m @I%@E@Qn %?Kq 6@@85 ‘Psfafé%a%“fﬁ?&f"'ﬂvﬁ@ﬂ%énbr ane

pol lyal¢ngyWitldS¢mrbNubTMabhr:ﬁBVW3ee( Pﬁ'pﬁ]‘béﬂdnnCBRﬂMhT Mdehkog N BrREgRAr Ch, I

Bur |l i , ), n i t equeNet, TM chenmi stry (see, Pappin et al.,
CUR) ‘%%éE&@iﬂ%("%‘ﬁ‘ 1322‘6%58&1\,\{9&&9% g“r‘w,’mvﬁ%fﬁaar%agos .lg?@é}. ), pp. 191-202,
1Academ ¢ Pr esgn thedhadidc€8Pthe pRIAA)invehfoh r&tttaaﬁnmt%?mé%éﬂjc &@togﬁgsent

i nvention, attachment of the pol ypeptide to the soli _s_ﬂp_por_t may occur by
ei t eHd SYRPATtERRY QsFurhyrritheseavalent drmosrearaicaniniratotion between theol ypept i de and
sol i b1 iR 4nd - C 1 glar: ofe i 19k vipept i de to the solid
sup p%r-yt?ép?%e s gms@gg%ogga}ogﬂ%ohvg@ﬁ&gg@ﬂ E’?tr‘lgaftﬂtk‘t ‘?1"49%"8}/‘5% g"p‘h3 .8%“‘& taches to
t he syppart thetsolid sippiost is elmsermconch itimt thd puiypreptitle ashesothesaipapportibgl ass fi ber

S I T T R
20r o\potidbrene sOpdlgmsiPPDSmEY aindechii s&10 (6d, | ParhQA1.CANA! BRLhom:284.888 -t he
poly lde. Qther suitable adsorptive solid phases,are commercially
av ai(Fg‘&S)e to FFBY'%IE%é?r"bq |IPPPR FYfRestides Wil hnagotemalesHy attgchizhe poypentidezed on
SY Nk itk YA hptive WSIf s RUY bSh¥ially dvSitable. For example, | |

** polypeptides in solution may be immobilized on synthetic polymers siich as polyvinyliditle ~
difluoride (PVDF; Immobilon, Millipore Cotp., Bedford, Mass.yor PVDF coited with a..

25 difioiric surface (Itmobiton CD, Millipare Corp., Bedford, Mass.). Thesé sippoits maybs:
used withor without polybireneé. Alternatively, pblypéptidc "saii}'plés' can 'bd‘pr_épér'édi for
sequencing by extraction of the polypeptide ditectly frdm'pOIyacryla'rhidé by a process called o

*lectroblotting. The electroblotting process eliminates the isolatiori of polypeptide from’ other
‘peptides which may bé present in $olution. ‘Suitable electroblotting membranes include
30 -_-”rmmobilon and Ix_ninobuan'co (Millipere Corp., Bedford, Miss.). |
~ Moterecently, automated niethods have been dév'elop.ed‘ tl’iﬁi’-allbW‘ chemistties
to be performed on polypeptides imni6bilized on‘solid supprts by.-non-covalent,
hydrophobic iriteraction. In this approach,thé samples-in aqueoiss buffers, Which may .

4t
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-iditluoride (PVDF~ Immobilon, MIIlipore Cotp., Bedford, "8:&mwilR005 i ?VDF
coated with a 25 c;atioitic surface (I mmobilon CD, MIIlipore Corp.,

Bedf ord, Mass.)' These supports maybe 1 wused with or w thout pol ybrene
Al tewmwew pol ypepti de sanpl es can be' prepared~ fRFT/USH{A®ACIi ng by
extraction of the polypeptide directly from pol yacryl ai nide by a process

0L 5 8lin AL F% LAOLPARL 08 p TG PloGALS GbCohinRY BHERRSS ShbTifghes the

ypep pept | be present in
SoIThE bowind ﬁuyﬁe@buelﬁhacprreeéﬁrehhsedgo|rcmevmmmu&ﬂng nmhmie:nmldat/mgmhﬂ)l | on and

e PR B SR8 rdfal oAb hio et FRRRurEPER0UE, O od o

po'swﬁl)fméiﬁsmmm Hb&E .S Wt Nod 5 SUBRIB (FRinby9 @99 oval ent, hydr ophobi ¢
I nterac his' a pproach,-:the' sanpl.es in aqueoqus butre s, which

Smay 47 18 ApiThe boosbpelymptide snwagsdupter comstiffonspaddar 1 ime athicen 5" and
denat %38 &%gt\féegﬁﬁweﬁnl]qmﬁﬂm%m o‘?ﬂlé;]ﬁm)g) PQJE&HQh@Bb@h@' id support.
ype se

TheHolh e IS then pressure-ri o renove interfering
corﬁmﬁagntl‘he physical prppeetties off thersippat yppg deisdlected tgptimize thelsedclioy (see,

1-Packard t Brochur 091- 5168 Noy .. 92) and Horn, U. S
Pat°8 ItRRS OSaéﬁeg'fr??gHClﬂlﬁfBO'f l%@é@a)b?y FREPIE g‘é‘ m %H%s)?s ?eact ed
UNgRfypeptitd dccd sxnaa%akiercoadtnbne f&bkfxfahfpll@m thfetplresemmfbn grgamoan cur betveen
the termnal am no acids. of the polypeptide and the | abeling noiety. The

10physutteas tripedpdamingsordy- elWé“@'ﬂ?Bﬁ’(b‘ﬁ Ingypreferred pabodienly hgdthakize the reaction
Corlﬂ b H)Srefiar 1ﬁ] &19%8{1&* 6 thiﬁQ?n lh@%ré@h@ééff 5ok Wétﬁfl%%olnﬁ@%' ing with the

ami no group ccurs tinder basic.conditions, for
examr:thzm,ol wmet h’es bfre/srenBeca@fse afthe rgalaiof atfachmen( exesshof reagent, |leh5gl am ne, ior
InDr hol i ne. referred enbod he allowed to
rei’@f dt'ﬁ TR bb'dﬁﬂ RFdemg Ve N g‘ra?(r:e”as ore gbl/elliﬁée? c’yrlt?mrphol ine in
MetlhAbedl ak@t ue.ﬁ&&g 85th\é/1meledE§mﬁj¢sed@6y taes spRctemdinyatVabhsengentexcess of
reagent, coupling base and reaction by-pro ucts can be renpved by very
15polase suitableias 3 aslung splvents,inginding, fof exauRle | MPYuLss ot he | abel ed

pollﬁaﬁ%hg,edgxtemsﬁcéiggé:trometry Var i ous reagents 15 are suitable as

I'ng solvents, including, for exanple, methanol, water, mxtures of
met hanol and Wherethe ldreliag etta@hen IS\Meducttﬁbeﬂta@e lin} mjutmamam theirsactignduct ed

L ciaan i R L L R
andchirdiRatbgrisphy, an@thedtiguenci ng a . Por t ion of a Protein .
 Sequencing a Pomon of a Protein _ _
In another aspect, the present mvcntton provndes a method for sequencmg a
portion- of a protem na protem mixture, the method compnsmg _ DU o
i (a) contactmg the protem mtxture with a C-temunus -ar N-termmus labelmg | -
25 moiety to qovalently attach a label to the C-or N-termmus of the protem and: form a labelcd -
' 'protem mlxture the C-termmus or N-termmus labelmg moxety compnsmg at least one
element havmg an.atomic number. from 17 t0.77, more preferably from 35to 63 w1th the
: ..'prowso that sald element is other than sulfur - I T
L (b) separatmg mdwtdual labeled proteins, m sald protein mtxture and .
30 | - (c) analyzmg the labeled protems from step (b) by amass spectrometnc i |
_metllod to_-detenntne the sequence of at least two C- termmus or two N-terminus residues.
- Inone group of embodlments the method further compnses o . _
(d) identi l'ymg the protein by using the sequence of a least two C—termmus or

two N—temunus residues ir combination with a separation coordmate of the labeled protein
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I n anot her aspect, the present invention provides a met had Amil 28@%juenci ng a
portion-of a protein in a protein mxture, the nethod conprising: (a)
contacting the protein mxture vuith a Cterm nus-or. Ntenninus*lat~eling
25 mog} dsdsévseoval ently attach a label.to the G or Ng®&yi§opMdsosOf : the
protein and-forma:|"abeled protein mxture, the Gtermnus or N-termnus

| abeling -noiety conprising at | east one elenent having an. atomc

n u rrbnad thie lpmtem'/tertrmnﬁS?locanmeo fishe saquanteyo seaseh B8dicied @Roteiisenenpes. fr omr ovi so

g é‘? I és dtper than sulfur; . (b) separating individual

Iabépélfl‘ HF §F‘ﬁ°s °qH 5i%"%rotein micture; and 30. . (c) analyzing:the

| abel ed. prot emsnédaﬁmﬁe.pﬁla)m&)moee tiitav s patitdesdtitet iaboventet bihdr t 0 det er mi ne
the sequence.. of at least. two Ctermnus or two N.-term nus residues. In
oneagleélﬁﬁfﬁleléﬁﬁblﬂ’llrrents the method further. conprises; ,(d).
%:dent I fying'the. protein by..using the ,sequence of at,|east two

-termnus. or two N-termnus residues in conbination with a separation

coor di nate of Sepgraliomel ed protein 48 18 April 2005 WD 02/ 066952 PCT/ USO

1/ 49951 and t [ nusS SOMERGS 4 rch

predi cted pro?el ﬁregée'ﬁ%d;%%gs r}ghfdeq@% ggédglellﬁ %e seq&gnc@’%&@

- Pr elo€ pfotsin€ nsibwing the tagging prosedurb die diuaueebﬁﬁmedmsssubhade(mbm/e for other

aspects of the inventio arafion Iln a ref r.red enbodi nent, the
t ag§FRAPUINPERLESS VI w&?%ﬁwﬁ'ob*ﬁ‘ ¢ fpgfipolipe g‘@f‘ﬂé“‘fﬁ#&l‘l ow ng the

1629 Ql&&t@fmﬁ,ﬂyr Eaérl'ﬁadﬂ‘bﬁt.ws@fé?ﬁblp s sBinfiatly &lrﬁzﬂmntdxﬁ}doﬁeQaﬁele&eF)ar ation
process, which preferably, allows the separation of the protein m xture

i nt eratGingif herpoin maduicons. Each fraction is pref erably substantially
enriched in o I _ 4 gt F& thd ne met hods
of the presenﬁlhlgrrf\llcen d|S?))lri:ﬁlare e?&ﬁ‘tv‘zg g)“?dfrr\egg%g? [?Ic)) Qttoerer%(ﬁyrée the sequence of
a pekagteaat d)fdﬁpolWetphda wmﬁmpre&h@lrmmmmammofdhe tniventiamy thetlatmited t he | abel ed

pol ypepti d "subst anti al,l u t ha ol ypeptide is
abo&‘f)ﬁgﬁﬂ}& 33 hﬂ’r% sl Rure., @}E‘F@?Salﬁ%“%‘b" & Gobs o‘b&gé‘f honogeneous.
1¥BN%ohR Elﬂ:dﬁs wal | ref&taembb@t 9990 5 ghtePhéthSgh¥os K Mdnyiiethdi vl maybe

utilize urlfpythe pol ypepti de gélor to determning., its amno acid

seqkanys! tO l’%@féﬁ eberdingry skell é‘k%i‘ﬁrﬂ%a)l wtiired topirdy thearpdypstidsarias t‘H gh
Pr e%%&nﬁmlnlaggh :ﬂn%ragﬁasre n%Qh né)x%?erlf lvg)exa[gﬁ!:s RbGAL HPPRORBSLSe |

chr oma or any a nu de purification. nmet hods (see
gend’rhatd—[;lxghlikcsem Jaiguid Chromatography (RP- HPLC) gel electrophoresis,

chromatography, or any of a number of pepude punﬁcatlon methods (see, gencrally the series

20  of volumes entitled METHODS [N PROTEIN SEQUENCE ANALYSIS).

_ Even more preferred is the use of capillary electrophoresis ahd particularly,
multl-dlmenswnal caplllar_y elcctrophoresns such as that descnbed in the commonly assugned
co-pendmg U.S. Patent Application Serial No. 09/513 486, titled "Protem Separatlon vna
Multldlmensmnal Electrophoresrs *and ﬁled on February 25,2000, ' o

25 Although substantially pure labeled polypepttdes are prcferably utilized within
the methods described herem, it is also possible to deterrnine the sequence of poly-pept_lde
mixturés containing the same label. Briefly, inone embodiment, an algorithm’is utilized in
ofrder to determine all of the hypothetlcal sequences with a calculated mass equal tothe -
observed mass of one of the peptides in the mixture. See, Johnson et al Protéin: Sczence -

30- I “1083-1091 (1992) These sequerces are then assngned ﬁgures of ment accordmg to how

“well each 6f themi accounts for the fragment ions in the tandem mass spccrrum ‘of the peptldc
utilizing such algorithms the sequence of polypeptides within the mixture may be readily
determined. Mixtures of ollgomers analyzed: 51multaneouSly are preferentlally labeled with

labels incorporating différent riumbers of mass defect elenients.

49



20 of volunes entitled METHODS | N PROTEI N SEQUENCE ANALY3B3)pril 2051 nore
preferred is the use of capillary electrophoresis and particularly,.

mul ti-di mensional capillary electrophoresis, such as that described in the
comuwb yremsizgned c& pending U S:-Patent Applicati onP@GEESHIIND.

09/ 513, 486, titl ed "Protein Separat lon via Mdtidinens'ional

El ectrophoresj s r ~ sybstantiall
pure | abel ed Aﬁ 'ﬂﬂ’ﬁg {ﬁ: %F%(Peh%g%%{fll%ﬁta‘%&gaq L%]?F@I f&hmf}gﬂylﬁgt hods Y
deseotelB drodfs Rédlhy ok discasad ﬁ.Q;uB@ﬁﬁplbl & b gretip bAtmisodifmens e ereteds |

pol'ypeptide m xtures' coiitaining sanme | abel. Briefl i.n one
entseciappdiet (o both aanigBys efRfoeds ffam P}‘eﬁﬂtyﬁlsswaﬂtﬂ“‘d@d%‘"&é‘te&fm ne all of the

Q%B)r%{eet IfFO%Jl ﬁ @@ﬁ?s%e ﬁleaA%@erﬂmgg}e A o Mtkddes Lsedileniobgrived mass of

es In the mxture Johnson et al.; Trotein Science 1
5X0 &Tiﬂ@ﬁ&eﬁtib&&ﬁh be Fhieiied Soquesserdiallyany shuser. Msthgdeef lwlgtweemtwmrrer it
accordlng to h@W wel |, .each of their accounts for the fragment ions in t he

t arfBhtsshesaoples et WAHF 9™ peptide wutilizing such al gorithms, the

sequence of p@idgiaAt pdemt wvehiion, tiepalypeptidewirh plieriv et tgrminkdt er ni ned.
M xtures of oligonmers anal yzed sini ul,t aneol usi are referentially |abeled

vm tamingaeidds saqueficsd by imags BRACieMElsT- ﬁﬂ%‘@r'gasﬁts QUICHIE B3y PEMEHi ents. 49 18
ADT L tmigQfle pr\%enpg{vgﬁg:?tfg‘;{$g£é“§@@ exhRphd 1&%&9&{}% Qxﬁﬂlnﬁmé/ﬁhasst he met hods

herein are particu useful for identifying proteins froma healthy or
10di sspasteoinetes smegreanptator insiruprratsyimagpetist taadass Biasesreatromefer, #BPhods  are

-ap%@ﬁgdb&w hlgﬁﬁg“mﬁn‘%rsses QL BhObE! B @J\J é?fDJaAI?(?/abix 49.95842064l € and a

“Hirseasey i ssue ccordlng y, the protein
M X{19BPH eles@kpidy thhvs Spapaeters, Fend ettd'ieSczBM@I’ﬂ4|60ﬁ4-d hiG1989);dbseai ned from

essentially any source. Methods of isolati p I_ns tissue sarrplses
ar ed%emtlonrttﬁttrpf-%tltﬂ‘%?sfh@"ﬁt‘@é"éﬁt‘(aﬁ‘ﬁféﬁt ’6’2"1 (rf% S@r %)Jedt)mde with a
dert;lbﬁgj 2662 FEEAE NG hns RN 18R (BRlotroh ReSGHAHENNREs ShecoimBes (Bpat Cognet er .
Various”mass spectroneters may be used wthin the present invention.

1Re pPetsbmrghtMm YeWathp! eprefomst gabodingnp|ag elfsHAFRIBOMESAREST AV Ehect ronet er s,
ti.c C tru t er, JECQL,
wnerfv“gg 8&31 f’??tosgge Bt SFO(SW C@r%met & S{W%é t¢ REghbRTRE

Pea pray ‘mass uinscet al .. Anal. Chem
59: d&ﬁ%hazé’cﬁeéﬁmnéu&ﬂy@cpuda and anappca"yﬂngwskt@pnotnmweeﬁ@n Sﬁenm ass gl

S et o TR BByl Toos
Fourier Tr anSbﬁé oY hian idhe laﬂtvhﬂﬁpﬁi@&ﬁ&&ﬁﬂ&h&@@ﬁexﬁﬁ@@fahﬁﬂtﬁiﬂbtz{n&d rel Corp.
26 : usmg the methods of the invention can be combined with other charactensttcs of the protem
under analysxs to even further reduce the number possnble 1dentmcs of the protem Thus, ina
- preferred embodtment the method of the invention combines mformatton froma protetn '
sequence tag with one or more other protem eharactensttcs to |dent1fy the protem Data that : ' _: -' y.
is useful to supplement the sequence data mcludes but lS not hmtted to, ammo amd L '
25 - composmon, the number and ldentlty of speclﬁe resudues (e.g. cysteme) cleavage
-1nformatlon proteolytlc (e.g., trypttc) and or chemolytlc peptlde mass, subcellular locatlon
and separatlon coordmates (e.g., retention time, pl, 2. D electrophoresw coordmates etc)
. Other forms of data charactcnstte ofa partteular protem or. class of protems that can be .
. combined with mformatlon from the PSTs of the mventton to 1dent|fy a protein wnll be _
30  apparent to those of skill in the art. As the body of data charactensttc ofa partlcular protem
becomes:more comprehensive, proteins under analys_ls can be identi t_'l_ed_ us_mg_.sher_tcr protein,
' sequence tags. I_ - N ‘ | _
- Thus, in a further prefened.qtqbpdtmeht? information regarding one or tljere

characteristics of a protein is combined with infgnnja_tioq frgnt- aPST of about 4 aminc_o at:ids
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15 Pittsburgh, Mass.). Wthin a preferred enbodinent, an1glgsitpespray ness
spectronmeter (MarinerTM nodel, PE Biosystens, Foster City, California) is
utilized to fragment the derivatized terninal polypeptide, and a

time- Qfgdddeggat detector with better than 50 ppm mass ,aqaulpgysis used to
determ ne the sequence fromthe masses of the | abel ed tragnents. One of
skill in the art will appreciate that the sequence infontnmation. obtained

20 irslengtht mererpsefbrabity about heminpvasedsiin hengtin nigec prsfasablp dtilki about Dadaro
characterdstics of, the tein .under analysis to even further reduce the
nurr%'gi s5‘0‘5’%&“&fseusf:%tepn'??'ftﬁ%ghco‘fmf A& protein. Thus; in a preferred

enbodi nent, the nmethod of the invention conbines information froma protein
sequence tag with one or nore other protein characteristics to identify the

protein. Dat a%#éﬂ’ﬂ%ﬂﬁﬁ@bl to suppl ement. the sequence data includes
sbut is not |ipd §@ekat veABNRilRG Shrt@embSRRBRS ihé1ffe tkRSe gfTDEr and
Identity of specific residues.(e.g. cysteine),..cleavage -iInformation,

- pr omadhematical (atgogithm forydstarmjning theproteinearauancs @gplinotilylromesass spedoel | ul ar

| ocat ko, .| 0 l.nat . ntion tine |, .2-D

el eg.f Pg%%nr-tgd;ﬁtéa%g%;o%ﬁ[#a?ré]g(",oﬁ%{q{é%.cgaE% ﬁf’aéra t? 8%‘%%:8"%13 PYAFR Sgﬂ'éél?‘ﬁgt eristic of
a ptag fr@n kaker perovireis nd thegirasn, pfovidiog dians uhlqad masntaf éabetivnfthsted tov t h

i nfgrmati.on fromthe P‘ST of the inventio? toid nti'fy. a protein will be 30
pp dUREmIDgS hetEEanced; The Starting gvass shectid for e in B gleofitm MAYdfar act er i st i ¢

10f ane&d M mdes SeRirBmeRe GPWRTh 2Tl CRIRIES Bl dEcanYedt Rhnkcddnder _
ana;a_yS| s can be identified using.shorter protein, .sequence tags. Thus, in
B

a. f dime-oEflight nssspeieaarp oenferegst becpyse of theit improved anass acruemsy over othere

abol gk ahbE ey Bl b B TGS M S PR 0051 11

| engdtlectiommysteqs efag baloked, phoictlaldly afdmiatenitdl dass slaldandy stich atftgmenhedder abl y
still, . about 2 am no cids in.length is used to identify the protein.
Seq ROELPIE RS pEEE Artefc Fhee GimBie i atieramee e fentigkdnshbod: ront s,

15 nChputtruinl Protsia fRmRatalibh BATRE tdiuictad givkidr bR OIDAR tiedoPisidrédioflahe protein
sequence tag directly from mass spectra of fragnented | abel ed proteins.

" ThetapdgBmashsresiemeler eyintsouErstieagmentatign pyas degirosergenMALPRg from ei t her
ter fidisioRtodckle protein, providing that a unique mass tag | abel is attached
to the termnus being sequenced. The starting mass spectra for-use.in the
al gor it hm may Thealg@rithmodgaiess thy userof bothsthe spectorcharee @osition vha signal [ ‘abel ed

' ' be f . di.me-of -fli ' re -
" ) e Bl RO G reB BBl T PSS €

26 pecobmpired &Y thateif @ainlediatedy 5dj8dBnt mEQWS Chirge PbdiRdns! 08 Bis@COWnah ey 1BSS - :
spectronmeter _detection systens y-be used, particularly i-f an internal
MaS gelgttvgmé?aal,ht)é Ha peakls H&ﬁ@ﬁ@ég‘% 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 embodiinent the signal at each mass to charge position of
_ "“lcntcr.est is ‘&iréctly compared to that at t-l_ic--maks to-chér_ge positions of all competing - _
25  sequences. The latter method is deqéribcd further for élaﬁtY. One of skill in the art that will
' épprecigte that this method can be ad;_\pte'd in many ways (o pro'vide a similar system for .
~ranking competing sequences based on the relativc_abuﬁdanc_e of the signal at the mass to -
“Charge posiﬁoﬁs correlated with each competing seque;we. i
‘ Sl " The algorithm further consists of a cumulative ?équcncé"rankin”_g system, in’ o
3(5 “Which the relative abundance of the ions predicted to result fromi each pbssible sequence dre.
combined by praduct or sunimation withi the relative abundances ofions predicted to result -
- 'fr?om "é_ubsequcnt residues (Equation 1). In this'way seq'_uemb—spediﬁc differencesinthe .
1oitization-or fxixgment-a‘tion:cfﬁci_éncfy-'and adventitious matiix or overlapping noise peaks -

that confound the correct sequence assignment at each residue position in the polypeptide
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| abel with no peptide attached, is used to inprove the magsagfioooscy of the
resulting mass 15 spectrum Protein fragnentation can be conducted either
by CDin the collision cell of a tandem mass spectroneter or by in-source
fragntRO¥P8? in an el ectrospray or MALDI ionization PETUSIHMEE al gorithm
requires the use of both the nmass to charge position of a.signal ' and its
r el @aingv balg . i i 0of the signal
B A R A e i L st L SR
andesidugipesttiagpiapagpiing fswaed tsubseqpemsisediiing pasitionats lawpetiln ket pr esent at t he
mas 1L f L nter I this odi ment, t rel ative
pro ESB.(E)CI T‘?@%‘e‘gﬁﬁ?‘a estghlg%zf% ﬂlge or %rggk%nkat?)é cadl OasrglgP Sﬁ%%ﬁcja“fal“qﬁ%rrpeti ng

. seqleseiadised Hyn anot her enbodi ment the signal at each nmass to charge position
of interest is-directly conpared to that at the-mass to charge positions

sof all conpeting . 25 sequencqyp. .The I{tﬁ.er method is deﬁgri bed further for

clarity. One of skill in t'le a;.?"’t hat y 'Y appreciate that this method can
be wRaGBREis the BRAYIa@ ankigHit8h t8QnR giefisk@lensy A RidY length RN conpeti ng
sequenceé’ based on the relative. abundance of the signal at the nass to
" c hm; grethp eclativieonsk assigned &t thet sequehceanbngsd ip ¢ peatgatsesidaniesyth The i@l gorit hm
furt}luer consists_of a cunul ati ve sequence ranking system in 30 'hick the
r el appRagat Qihesgakidied bt theiqet thafrmant methed wean hesed buassighragelatectan (s bl e

se . i X d . j wth the .relative
abtc}gJ gﬁgsecgu%fc <} gns prfgsg ?%%égg{hﬁ o&’ﬁég%ﬁ% aﬂmﬁ"gﬁ%’s“ é’q‘ﬁlécn'icﬁﬁ'g%i dues (Equation
101) .abunddricesofithy signpleatamch pempéting adsfte charge position (ig supra)ilaat | on- or

| TR LirbaRlebl e e Bk T Bl o R ishra nevei el ane.
PO stekitt@lehfith (1) Py Ue)RERIIAR! HilautdhcARid the 2BRXMING O3 AGEARAIPCIAARRL/ 49951

chain may be elimnated. The probability of an erroneous 'sequence
as Qfghiswiathods theynking @ maydy assignesblased on ap meymsdior dgmpestrakerdd t o subsequent
I e HbsbilR9 SistdiniiSn Sich Q Aar-Ya) : I Wt h the.true sequence.
Th roverl-aPI sr a‘ﬂﬁ fl’or Cea%:\ﬁ{ep%ssd) eﬁésé%] Z’E@g&jﬁhggﬁw%gﬁaOggx[eééj%i ned by: nn
155 RjonmaR{Pojssan) pyebbility disjribunioer sickhan thesretatiee eankfbaddch eequande wigl gi ven to
any aiven sequence.j at residue length n,- and' pij is the relative rank
ass‘fa%ﬁié/%wteﬁn(?Fi’é‘pg'e,c:]{fe%églpi%ngst its j peers at residue length i. It is
apparent to those skilled in the arft( hatz.fhny nmethods can be used to
assign a relative rank gp) NORME S j at any pgsidue Tength i,
consi stent with conparison of the rlel afijve L0 abundances of the signals at
each conpeting mass to charge po\%érle_on (in supra). Ina

191
. | Ci= iz g

__ N
an:bf skill in the art will appreciate tliat 't.hc: signal (Cl i) correspondmg .to-an'y' o
séqqenccj containing i amino acid residues may be determined.by aﬁy methdd.whi_cﬂ.rel?ates
this signal back to. the relative signal abundance in the mass spectrum, Cbll-’i-s-ion-—induced-
25 - fmgmé_n‘ta_tion in the?mSS spec_tl-qmeter. may:result in the production of morethan one t_y.p_c,;_Of

ion. -CID methods. in a tandem mass spectrometer commonly resultin;a, b;-and ¢ ien types,-
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preferred enbodi nent, the relative ranking (p) of conpetiigAgaoesce
possibilities at each residue length (i) may be detern ned 31 aut oscal i ng

. the possibilities. In a particular variation of this nmetho fhe ranki ng
(p) mMwdeessizgned based on an assuned or denonstrat edpcPiQh@dbd i ty

di stribution, such as the nornmal (Gaussian) probability distribution or the
| og 15 normal (Poi sson) probability distribution, such that the relative
ranlff%Fheé&ém@&@éﬂéeYvﬂﬂdlllOO%lf’?“U@F\%Eeﬁmﬂl“anH‘ aglditjogy theylaheband - c i )1

L ol i B S Rl Phiafysb) chatet e S lead o PRI 1 g (&

i) dairdlﬁqupndc frggmmtaanyrnosaeqmwmnpssciomhangnpngtmn mrthmpeatrmd resi dues may

be m ne 0 ich-relate back to. the
ol Alepoalih B nibuRLREED Tt qlteas [T e Sutionial tsre el g Fiblrced 25

fsr amtaaéd With b4thlibe Wpeand PESsiB1e CRArRE stabtPay BSedribihéll tolpRoduceduct i on of
mer e. #han, one type.o ilon. -CID nethods in a tandem nmass spectroneter

couusmiapve signpk assqgiated Wyh any gives SEQUEnce yipes, 52 18 April 2005 WO 02/ 066952
PCT/USO / -19951 fromthe N-termdausmand X, y,.and z ions fromthe
Cterm nus. In addition, the Iaﬂ)eﬂgeimd certai n am no acid residues may

contain "soft" charges that‘:,ﬂ‘a o t he production of Label ed peptide
fragnents at nore than one c| ng‘ position in the Q ectrum

dependi ng on the nunber of such; charges. Ina variation of the
nmet hod, the signals 5 associ atsed:svmth each ion type and possible charge

st atwhdrey lmt&nﬁmunﬁctaldamlhgdh@m) of he1éaétt |'0M@yp‘é| @ald hageGld@ W th any
gl ven.sequence J.. nax.
and looking up the correspondmg counts (¢ j i, ) in the mass spectral data.

10 G4kt = LOOKUP[@ /), | ©)
The mass to charge ratio calculation for any residue length 1, sequence j,
_charge state k, and ion type 1, is be determined from the stoichiometry and possible charge
states of the amino acids and any attached labels in the sequence by methods previously
described (see, Methods in Enzﬁno.l_ogy, 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, ina preferred embodiﬁent; the number of charge states and ion
. types that are used for determination of -tne total signal associated with any given éequence
- may be restricted to particular subsets -empi-rically found to be most often associated with the
20 fragmentation method. CID fragmentation in a tandem mass spectrometer preferentially -

o yields b ions and y ions in the most abundaﬁce and c and x ions in the least ebundance. In-
source fragmentation'is found to yicld only a, b,-and y.ions i-'n«.-signiﬁc’ant abundance. In these
cases, the aléorithm raay be preferentially adapted to ignore ¢ end X ions or ¢, X, and z ions.
Yon abundance also appears to diminish for the higher possible cnarge states of peptide

_ 25 . .ﬁagments in both CID and in source fragmentation Tnis phenomenon may- :lilso' bel'sequence |
. specnﬁc W|th arginine. and other imino soﬁ" charge spec:es havmg a hlgher llkehhood of
: retalmng a charge than other ammes (e g lysme or histidine residues). In another vanatlon _
the mass to charge posntlons assoctated with hlgher numbers of charge states may be |gn0red
. ‘ona sequence specnﬁc ba51s when determmmg the total 51gnal associated with any

30 sequence j.
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charge ion states types Cl,1 = E Zci,j,k,I k=mn 1=1 c18 Apnj 2605st ates 10
(5) where c is determned by calculating the (nfz) of the each ion type (k)
and tate (1) and | ooking up the corresponding, 4(,, .k t).

t he %ggsg@g‘zc?ral data. «ci,j,k,| = LOOKUP 1(m/z)4 | ,EQH%FM The mass
to charge ratio calculation for any residue length i, sequence j, .charge
state k, and IMij,qﬁen,anuitislehebcde(botlrﬁqnedicfandmmim;opilc))baﬂﬁeorret ry and

bl h f. th d tt h s inth
Do cArEaTEarR A o AR Fine f JuBeeREns “pedach NahB skt REr S gy ||
Bi W&dﬁé’tabi‘e%%r?egtﬁr 8430, 1ab¥p dyp3Ghh aydlakaen ézgues}5Tﬁ&9&ﬁ)m)omé\ nunber of

variati ons can be made to the basic sequencing nethod described. For

exathpomthn is tkennpplied peag eachoeridusfab eﬂW@P?ﬂﬂ?’B@}" sugly “’éh‘é‘?@@“@ﬁat es and ion
ype det ated with
_ 5t asgogv'%%a%@{ hﬁtgﬁ??ﬂ lJbe(c f{’@dgfeytne afi Bgfdtclt‘% ar sg%seftags%gﬁgil rically .
fouggeltg hey most often associ ated vmth the 20" fragnmentation method. CID
fragnent dtton in a tandem mass spectroneter preferentl ally vyields b ions
and y ions in the nost abund nd ionls in the | east abyndance.
In i source fragmentati ohk'fsetf oungﬁtgglﬂ Mdllasdiyl-a, b, .-and y- |on§}5]
i nsignificant abundance. In these cases, the algorit hm may be
preferentially adaptedt0|gnore d x iops orjc, x, and z ions, lon
abundance al so appearsdhﬁkdrr{qQﬁ)gHPE ! Bk, lngehze possi bl e char gel8tat es of
1 eptide 25 fragnents in both CID and in source fragrrentatlon Thi s
(g h ar and ot her

h ‘b ' fi
i nor+sof - HRgeafiatt B8 snayi nBOR G rnd P PRI of “"Terai i ng a

charge than other amnes (e.g., |ysine i 'El i di ne residues). In_ another
variation the mass to char ggMRMDIS %ﬁgj‘at ed with higher nu@pers of
charge states may be |gnored -on. a slequenc pecific basis when

determi ning the total signal associated with any 30 sequencej. 53 18 April

2005 WO 02/ 1166952 PCT/ USOL/ 19951 '%p, -
_ L3

19 '
(19 )
: LZDi.
19 2 j=1
PN Ry
label2 - {fi=! Rl (10
g = AT - @
- {19 -1
’ max max
i chargeion
S states " types : : .
15 - _ T Di,j z Zdl,j,kl : ' (12) .
' - - . k=min (=l ' o ' t . ¥
chargc _ .
states

.By multlplymg the relative probability of each scqucnce j-obtained w1th each

label, we can get then obtain a composite ranking for the:sequence.

J,n—n(qul) 0‘.' z("l‘ll) &)

Th!S vanatlon can be furthcr cxtcnded to more than one label Thc mass

20 _ spcctromctcr ﬁlcs used'in this multlplc labclmg approach can be created by snmultaneous

fragmentauon ofa protem sample contammg a known mlxture of two or more labcls _

- Moreover mass spcctrometcr data from separate smgle label protem fragmentatlons can be
added together to create a v1rtual multtple labcl mass. spectrometcr file for analysns by l’hlS

method This variatiori can be used with any typc of multiple labeling strategies (supra)
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In a variation,

mul tiple |abels (both isotopic and noni sagapric2065:N be

I ncorporated into the algorithmusing a dual sequencing approach. In this

approach we define two residue tables, one for each |abel type (an any

| abel g4, fyes). The sequencing algorithmis then #sj ng. each
resi due éﬁﬁfe mdependently, such that the counts 5 aggg;c[i‘sg%he Sél\llth t he
first label (ci,j,k,l) are determned independently fromthose of a second
:_%ge(lup( dlrr} j, kIt anolmhe,r preferredenho0icuEt f«qmqtgamc labjels, ¢1HLcaluetUIr4 H(O?c)Pl‘dl j,k,1 =
2| & .8 | . [abel2 J 10 All-t.he e to both
andahun BFS\% ‘Hé?‘%’r‘."é”‘s fﬂﬂf’“’]‘ relatiye fjotgpic 3 ab {F‘f’ %’%"“‘ ”_XL’g 2 (19i

c

2] Qc 'adﬂpqedzto ﬁulﬁ@%lrgilﬂc]th&bé:&s oﬂorﬁiﬁe‘(mgﬁé’q@h&’sg@ th@ﬂcorﬁfbﬁﬁz&ﬁe to thgpes 15 Di, j

k=mn.'I=] _charge states

12
rel a«pv@%b@a@pﬁﬁ quhfofﬁofea@ﬁe%*q Fonexrmyle, d’b‘t%‘? H’\é‘d s (OPH)aHé%ﬁ“P%{bel
9et labe s are thn ioyeé" of’m%' r%ﬁtn(r@%n'agnéef)ﬁ, tfl@ﬁa%‘éﬁ%@ ratio of each

10

15

20

25

30

" fragments.

sequence can be determined for both label isotopes, the corresponding count values
determined from the mass spectral data, and a rank or probability of match to the expected

abundance (p) determined. i

Labeled Oligomers

While the invention is described above with reference to labeled proteins, one
of skill in the art will recognize that the labels an.d'labe'ling. methods used are adaptable to the
preparation of other labeled oligomers (e:g., labeled oligonucleotides, labeled
oligosaccharides, and the like).

Nucleic acids may be sequenced by the invention through modification of the
methods described by Butler et al., U:S:Patent No. 6,090,558; Moforte-et al., U.S. Patent No.
5,700,642; and Koster, U.S. Patent Nos: 6,194,144 and 5,691;141. Preferably, the methods

nmul tiplying t he

we can

herein use Sanger sequencing or polymerase chain reaction primers with “mass defect” liibcl's'f"'

either in the pnmer sequence, in the elongator sequence, or in the terminator sequence. The
“mass defect” labcls are those labels mcorporatmg orie or more clements having an atomic
number from 17 to 77, more préeferably from 35 to 63, with the proviso that said elements'are

other than sulfur or phosph'olms. Preferably, either the primer or terminus is labeled to

‘control the number of the “'niass’ defect” clements incorporated into t'hc nucleic acid

ohgomcrs ) produced Altematwely, the 3’ or5’ ends of a fuéleic acid: may be labeled with

a“mass defect” label and the nucleic acid fragmented by the method described by Maxam’

and Gllbcx’(, Proc. Natl. Acad. Sci. (US'A9 74:560-564(1977) to yield a-senes of labeled

Ollgosacchandes may be sequenced by the: invention through modification of

the methods described by Parekh etal,US. Patent No. 5,667,984 and Rademacher etal,

U S Patent No. 5,100,778. Preferably, “mass defect” labels reactive with the reducmg sugar
end aré used. More preferably, suchlabels would 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 hfidrolysis--qf the"o-li‘gosaochaﬁdeoi-* post enzymatic . -
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R,n=1j(piai) or F ("itai) (9) i=11i=1 This variation cd® Api 2003 her
extended to nore than one |abel. The. nmass 20 spectrometer files used in
this multiple | abeling approach can be created by sinultaneous .
f ragréQ0APG? of a protei n sanple. containing a. known ranaser/esssf two or -
nore | abel s. Moreover, nmass spectroneter data from separate si ngI e | abel

protein fra mentatlons can be added togeth(er to create a virtual nultiple
I aﬂmdf‘?’rﬁs% pierabho aB ol gofactharidg is shaled Wid pymassidsfectiplabed defofhi s vari ati on

orr B B B ol B LB Sl R R GRe53 Brobis moi 1 or

i scatiffpiestidtathelosigingl tehremahsdducial sugaot opi abundances or with multiple
| abel s of known rel ative isotopic abundances, the algorithmmy be adapted
to qualify or rank the peaks of .conpeting sequences by their conformance to
st he expemgdr,@,igym,mggﬁu,%ust,hﬁab@@t opi c series. For exanple, where two
I sotopically distinct 5 | abels are enpl oyed of a known rel ative abundance,
0, the nass t%%ﬁge/enawt§d@ﬁcréwrﬂbosewbmfér@aﬁtq)ehmfes,nnneﬂ for both
| a r I m t he nass
%ﬁl} g‘ﬁ%%?gﬁl an gf@%ﬁﬁg?&%\ﬁ‘%ﬂ%@?@§ﬂﬂ§%ﬁégﬁ%ﬁ atdﬁqg@ﬁpe fed abundance
( O)pretmrammoﬁ aoiqud thaksahegsE doGh thgsangries (B, It@sttbecambmtonarbhleﬁuyﬁescr i bed
e wth referenc | abel ed teins, one of skill in the art wll
?etagsn@f "‘[eﬁg ﬁﬁb@’?‘ &qnéﬁbff 8¢y Sﬁ'@? ddéﬁaﬁ%)r Sughymsthgds ¢ to the
1opr edRnthé gmuuﬁn&w@mawsam{d&d) ArBOABT SeveRl Sampleabe s Yeb@nnsts) eot i des,
| abel ed ol i gosacchari des, the like). 15 Nucleic acids may be sequenced
by the invention through m)dlflcatlon of the -nethods described by Butler
et al., pddotnas o orte et al., US. Patent No.
5, 700, 642 ods fo %@D%’”wﬂ'ﬁfg%&’%ﬁ"ﬂg@f‘ 6,194, 144 and 5, 691141. Preferably,
the net hods 'In yétemnethir amctsmegncseaeupuanhjnngoﬁdeqnmh;emoﬂrfasanmfm&i n reaction
[ th "mass. def ect” ri ner uence, in the
dﬁ@ﬁ‘& 1og analyyir of an ligoper h%‘”f‘%f‘rﬁ ‘Hélt"é’ro%%sﬂ]‘i}@ﬁ’ct@ %"ﬁ‘ﬁgs def ect "

15I abel s are tgseonabial shd sIEdnike vath Dehasy e fédt 14021 eéa@emés having an atomc
nunher from 17 to 77, npre preferably from35 to %3 with the proviso that

saldd frerentiallydabel exposed residuesand unexpesed sesidhes apd praduce pdiffesensislly, ei t her t he
Pr i 13EdedWligoRiel wWHdseih thel ARS8 CE ﬁbclufé)@}a &k c&rgﬁn&lé@%astq;neteﬂﬂ\ : {mss def ect”

el enent s |ncorporated into the nucleic %Cld ol 1 goners so produced
Al tlewmstan\mnyc ntlmbe@f&mnﬂ t@Ad that &fothertharl mlfuracpuosphymhxe | abel et wi t h

. (b) -analyzing the differentially labeled oh_gomer by a mass spectrometric

,_20 method to determine sequences of the oli'g_omer that are exposed in the thre‘e—dimehsional
structure and sequences of the oligomer that are unexposed in- the three-dimensional
structure: o
' As with.the mcthods above, relating to sequencing, this aspect fo the mvcntlon R ?
' .can ba appllcd to essentially any oligomer (e.g., poteins, nucleic acids,- ollgosaochandes) for.- !
25 withsome indication of three-dimensional structure.and/or ﬁmctlon of exposcd rcsndues is .
'sought. The method. fmds particular use in the analysis of proteins. -
Also, as above, the mass defect labelmg reagent with typically contain at least
one element havmg an atemic number of from 17.to 77, but exlusive of sulfur or phosphorus.
. For those applications i in which p_l_'otem 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 pliosphorylated pretcins) Preferably, the mass defect
. labelmg reagent comprises an element having an atomic number of from- 35 to 63, more

' prefqmbly 394058, exclusive. of phosphorus: or'sulfur. .
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25 a~"mass defect" |abel and the nucleic acid fragnented {gyagringoost hod
descri bed' by -Maxam and Gl bert, Proc. Natl. Acad. Sci. (USA) 74:560-564

.. (1977) to yield a :series of |labeled fragnents. O igosacchari des maybe

sequeweradobgsi he 1 nvention through nodification of thrersbhveshsi descri bed

by Parekh -et al., U S. Patent No. 5,6667;984 and Radert acher.et al., 30

U S. Patent No. 5,100, 778. Prefera?elé}/e,g "' mass defect” |labels' reactive with
_ r

the reduci n&uifbene arpwp af rarticHerly i UBeys, e BomeR S AP d i ncl ude

pyr 'aﬂg hRTLR RS HAGE| QBRI LLSthe D BFoRhiRe bhn RMireditdi! Mdréfrefsrasiyiiné i t ut ed
with Tromone to three Br-and/or |: Labeling. may be conducted prior to
sel aaiteling reapay netrpminpyghsothidh scapatihel lebelings farenamplgecxpesqddytoswszymat i ¢ 55
18 A%;‘iflt" ZOOF&X\Q 0319(6952 PCT/ US01/ - g9951 hydrolysis. Preferably, an

olid &L 104 GP hel ed with-a "nmass defect” |abel before enzymatic
Rydrol ysi s anth athéli ik Rhedembadasents tlecihiss spbatomanfic method zynphiyied hydr ol ysi s
to differentiate the original term nal reducing sugar. 5 Mass Tags for

Si mysesaREOLQF Ml ysis Wile the invention is described above with reference

to aligoners, I pPdterrékbhbodimehR@nathbnditibhs fofEREINZ Sutlthidhspebeof tabel s and
| abel i ng net hods used are adaptable to the preparation of unique nass

" t agavention atah descahebitmye fer lgbelingand staenswginf eHeynersin smemlandy
i braries,. t%quCHfM nmet abolites obtained fromdifferent sanples, and the
e

i k é:)rt_)telgﬁ, np lar

_ : 0ds 10 al l ow the sinultaneous analysis and conparison of
meveral sanples by mass spectronetry. Methods for Structure and Function

Anal ysis In yet another aspect the present iLnvention provides a nethod for
st'r uct ur detlipds ot LEPEH"8 éﬁégli“é’v fgb'g(ﬁ’?‘.'d'lcf”b%}rfg'l"%ﬁ}ﬁf/i ng a plurality of
resi dues, the [gethadiepmpetS iRPresedbintantichqrbdaes N@etbe fovlcompatnig Wi th a

mass defect |abéling reagent to differentially Mabel exposed residues-and
. undkpodaiyepbwiddness of aal pied HQEWARTRYE SANPIKE| SPMPNSE] ed . ol i gomer, wherein

the mass def e(i%)f L&Qgétﬂngghg%%g}q%oﬁm é&ﬁﬁe@ﬁth'ﬁﬁ?élagélﬁg%&@@'% havi ng an

atom c nunber rom ét{l s 'other than sulfur or phosphorus;
(D) , cordlzhtyzattagh t habetliof the neatyteahnd/ fonalabedet Tialyjesrthe liheling metely bpdag ronet ri ¢

.20 nmethod to.determ.ne sequenc of .t he aligoner.that are din the
{ hr canecieReant Pishan HsiF uraPerana T8 ddenta e oTRE el Ay s FRARET
UNex@ers adfur B pidighdrlis;ee- di mensi onal  structure. . . As with. the nmethods .
above, relatin 0 sequencing, this aspect fo_.the- jnventian. can . beapplied
. to essentiall )ﬁghﬁw%‘ﬂl‘@dhﬁﬁm?ﬁ?ﬁ?fsuﬁ p§ samplgs i llég'éﬁ‘ﬁd'émems 0

L T
e." or ( xposed residues is .- . _ L
20  each sibsequent sample contain an additional element withran atomic number from. 17 to 77,
with the proviso that thie elements are other than sulfur or phosphorus; =
| | '(¢) mixing the aliquots of labeled analytes; and '
S0+ (d) analyzing the labeled analytes using 2 mass s'[-):'éthb‘_it'iet"ri'c'. ﬁ'aginentafion
rilethiod €6 deteamine the relative abindances ofone or mdré'bf;théf?aﬁéiytés between the
25 sainpics. _ Lo | L
Preferred labeling moieties are those described throughout the: specification,
iiore preferably th'(;'se having elements with atomic ldﬁmb'_ers" of from 35to 63, still more
“preferably from 39 t6 58, The samples can'be essentially ity biological'sample from animial
- tissue, plants or plant éxtr_acts, bacterial samples; Qiral'ééiﬁpies; and the'like. |
Methods for Labeling Components of a Chemical Lzbrary -
Anothér aiplication of the:mass defect labels s as tags for combinatorial ‘

 éhémical libraries. An‘exemplary use would be the creation of a mass defect tag coricurrently
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sought. The nethod: finds particular use in the analysis 1@&Apiebesns. Al so,
as above, the mass defect |abeling reagent with typically contain at |east

1 LI

one el enent having an atom c nunber of from17 to 77, buf exlusi.ve of
sul f ¥¥O 8¥66¥3sphor us: For those applications in whi chPEFESSI93L r uct ur e’
information. is desired, the mass defect 30 |abeling reagent can contain a

ph%ﬂb&@tﬁmﬂé&& cormhaoﬁmm%ﬂgs a]lgpﬁral SR8 tind dvHRERIdIné W th

excep course, of p yl'at'ed proteins). Preferably, the mass
defcdaibindterint hbfagy feelaagmto clorap or sl sarfacd unemml\lymgdm dafferenc nunber of

from35 to 63, erab exgl u osphonuG

or :CQmbIpations °r°he§’6° %‘OA‘lS‘ﬁI %cr%d&s%’gwrgﬂ Eﬂ Ugn Vil 4@‘8‘%?6?12 one group
of RAFYSEBREEY1-BES arovey) aﬁﬂ@ﬁﬁdrﬂﬂﬂbﬁal (08, PAte@AIRI6,055, R 6Pisdled N and the
| abel 1 ng ‘reagent conprises either a brom ne or an iodine atom Mre

S5pr d¥lay ablqm) fitis alsogiessiblsdo eencyaantly synghesize adnaga e meaficieeapanl e of ‘
| aBel.i A ke P o:eel{ae%big coﬁﬁggﬁgﬁj £ 0hE O5dcifee ERRliCi Qarihg e syRindSiCoPfiRI €I N. 5 I n
ot her prefe ed e %

e mass spectronetric nethod enployed uses
ESI chefiical/Bbraty. Miuchpags may belcreatbd Uy thersesiakbadditmmrefidifferant reantive groypsng out
this aspect of

t vent i are as descrihe e f | i ng.and
C o8P gt wich SAEE il bR e puftPard G, MG SuOSe bRE rchBE By 10
Nétémﬂsbé fdeLRWTbMNGo chatecRedeasridasy ﬁhuaﬁanaemmassnﬂltw eactive greip anot her

aspect, the present invention provides a net h@él‘ for con%ari ng therel ative
1Oabwﬁeelﬁ@eshwgcwmwwésntf%ﬁq'w'6?6%? gheaming] IRt ORIPFSFIAG SP4Y cont act i ng

h 15 | |
t %ﬂlﬁﬂtﬂ%&%ﬂﬁ?g lQntltke angl%yt o and ¥ﬂMste3 &iﬁlb‘gedanﬂtﬂ@pﬁgééoh@ coval ently

‘atta tot orm | abel ed al ytes, the labeling
noi nehgmleagmupgwmddoeeakléezbuwhw@hn@w anivian therde fagfto oPeatera ediary, with t he

provi so ement . is other _than.s r (@)
contatf; :@‘ t"h‘lfs 8h§1 @fe@g“%gmgﬁtv)vs?&[ﬁiurgﬁltesséﬁg %Og]dvﬁﬂglﬁlﬁ%h%%?&%gﬁrsrsbﬁpe i es"to.
COVeagpé Invidétitpe hthleapedific titentibal iR thal cphdindtaria fibharg.anpigilanvdppraach, t he

| abeling -noieties used for 20 each subsequent soe}rI'pI .e contain an.

13addthat aJjeays reqre ﬁ%t‘a&m'ﬂb@ﬁ‘o&‘ﬁo‘ﬁ?‘ﬂ R fseteripladditiop 9% MEReer

t he | | fur or phosphorus " (c)
m x'i"ﬁgsq%‘ﬁggh%%roét llsz)%(t) gg'é _eéﬁgﬁg?&?@dc Stygﬁﬁm?Z) anal yzing the | abel ed
i P

-anal yt esusi ngHawmasISthmtqﬂohi:stlhh@e b)a@mntnb@ osabl@tt%epmbnwr@r ni ne the
. rel sal}clt\{ﬁat?lpu%g R/%erﬁasses olosugseauenwe’agtwe EJOLB gd(ﬂﬂglksy(ioqﬁ OQ’QHXF&HC[{ Hx@ -

final tag is analyzed by mass spectrometry ‘The present invention avonds this problem by
20 adding additional mass defect elements to the growing root tag at each step. An addl_tto_nal
problem solved by this invention is the a‘bil-ity to distinguish the tag created to identif)'l the
“specific chemical in a combinatorial library from the mass of the chemlcal 1tself or the mass -
“of any other component that may be present durmg an actwnty screen or assay of the. spectﬁc
) chemlcal from the hbraly Use of mass defects in the tag. allows the tag to be umquely
25 lldentlﬁed ina mass spectrum of either the chemtcal or library of chemicals and any: ma,tox
" contaminants originating from the screening assay. |
_ In view of the above, the present mventton provides methods for usmg mass '
_ defect labels to mdlcate the synthetlc sequence to. whlch a chemlcal library: member has been -
' exposed during the course of synthesns o .
30 In partlcular the present mvent1on providesa method for taggmg the elements
of chemical libraries, -ea.thel' Quring synthesis or screening, _com_pnsmg;
(a) contacting a root tag with.alabeling moiety to covalently attach a label to |
the root tag apd form a labele_d tag, said label_ing_';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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25 . -'s'anmples. Preferred | abeling noieties are those delcAapii@dos hr oughout
the specification, nore preferably those having elenents with atomc
nunbers of from35 to 63, still nore preferably from39 to 58. The sanpl es
can hgcanneddskal |y afty biol ogi cal sanple from ani mal pctivssu®ospl ants or

pl ant extracts, bacterial sanples, viral sanples, and the:like. 30 Methods
for Labeling' Components.of a chem cal Lihrary Another_ application of the:
mass def ect - | Depmionally, santaciig afrgpt %M‘R‘é ‘lﬁ‘?{f"QFl‘“E’cWPﬁ“ﬁ?E’al libraries.

An' exenpl ar S i itiad Gidgconcurrently 57
18 SPH St )b 1 e 107 Blg A2 im Bl ?&%%%7%9951 with the

sy Ntdbeling mofethaamporadianéravithi apragangic nambenirem| 1749 AT hwith the prowisoes bui | di ng
the . conbi pat orj al Iibrar&lét et Rerﬁgmtso & bead or well surface by
seqthaterd elepeatitsiothyr diap sl PhasRiBRai%ns or chenical's to wells. As
gescribed by Roenn@fzimnte l40E8e tag(f3rmass spatlomeicadethodcio detdBiline 89: 5381- 5383
(1992)) and Sugar man et al. (U. S, Patent. No. 6,f056_, 326'- issge}g Bll\/ay 2,
2000pth its mass and &y nyber pf demente with ap alamie puaber il do 27, myck thak thes nocif i ¢
to thie. %JR&&!SE‘?%%&EER? iRl EENE CRlmEATRO&I s @ whfchithespepaTe fic chem cal
during e synthesis of the chemcal l|ibrary. Such tags may be created by
t he chemical ofabiellibiagnhasfoeet ¢xpesadrand theaidentity of thgehemicghfremghe bé‘t‘“ibag. Such a
root tag mght be a primry am npe. ich.C LMEe.group could
be- added 1ot Rectrat AEBRF e TS ki MohERloRRS 6 BAEIOEPELOUE 3L°0P  Fe
10eaGEpaces diitRdiipvaRtionatbee. be changed to represent the chemical specific

chem cal identity or processing step to which the chemcal entity fromthe
i brary was exposed. In a subsequent step a second reactive group would be
added to the secondary amne on the root tag to create a tertiary am ne.
This mass of this second group woul d represent a. second_ chem cal

processi ng st éiheanatofrngetiiods patbdgvigey obfhetniesestyBysntiop aEnRNERl in t he
combj.natori.al . library. kmlar h : | L oot tag
conﬁ"Hﬁf“i‘%,thc\%W[ﬂgsn‘géf ﬁgomé)g? iTat\%pe([;)f£ Rt r%?fféggliooﬁgg%%?& tgni ts to an
18l | QR @id aif@atinveago{.e. g., Merrifield peptide synthesis). However, this

- approach is limted by the nunber of possible tag conbinations such that
the additive masses of subsequent: reactive group additions don't overlap
when the final tag is analyzed by nmass spectronetry. The present invention.
avoids this problemby 20. adexmgMeo#@sti onal nmass defect elenents.to the
growing root tag at each step. An additional problemsolved by this
invention is the ability to distinguish the tag created to identify the
-specific chenical in a conbinatBxamplel hrary fromthe mass of the chenical

_i'ot_self or the mass

In this example, a high mannose-type o‘Ilig'osaccharide (Figure 7) is‘labeled and
séquenced. The oligosaccharide is labeled using methods similar to those d‘é‘scrib,ed_ in
| Parckh, etal, US. Patém No.'..5',6-67','984. Briefly, a mass defect label (2_—_ahji-rio~640dp-
R p;!;dinc (Label 1)) is coQalcntly attached to the reducing terminus of the oligéSaCchziﬁdeixi_
25 tl;;;l;'ircéenée of sodium cyanéﬁdfohydridé (NaBH‘_3CN)'. 'ﬂl‘l.lismit;COtpora.tes‘. ?éiéglg mass
defect element (iodine) into thc_ parent olig(_)sacch;ﬁid:e.. "I‘-he‘éd_diiion_ of thc mass 'dc_fect ] |
element allows the labeled oligosaccharide fragments to be distinguished from unlabeled
ﬁ;z;gmcnts and matrix fons in tiic'mass‘.spgc_t-rum.. _ : o ' o '
. ~ The Label l-con-jﬁ.gatcd 6liéosacchaﬁdé is thcn:' aliquoted to réaction tubes
30  containing different saccharases (see Tables 1.1-and 1:2) in appropriate-reaction buffers. The
rea‘étibhs are allowed to proceed to -comp'l'e"tion and the resultant reaction p'_roduoté are - -
conjugated at the _ﬁewly formed reducing énds of the fragmignts by r’éaetion with the mass

~ defect labels shown for each enzyme (see Table 1.2), again in the presence of sodium

'59



of any other conponent. that may be present .during an aqBiAfd ¥ogsreen or
assay of the. specific chemcal fromthe library.. Use of mass defects in
the tag allows the tag to be uniquely 25 identified in _a nmass spectrum of
ei t h&Y¥O PHE®Reni cal or library of chemicals and anyonBEMY¥H?2ont ani nant s
originating fromthe screening assay. In view of the above, the present

| nvgRhotRRoRIAYE JESHBIIABEE 2f Al 3Uphiign BHESentdainbeis dfask defeot i ndi cate t he
synt'heti ¢ sequence to. which.a chem cal_ |ibrary, nmenber has be exposed
dur élergenthellowingghe digest fragmentsdo be distinguished fom thg jegpinal ﬁ_égrﬁ?'éé’Zﬂlc i nvention
provi de d.,for tagging the elenents of chemcal libraries,

ei twgﬁﬂﬁﬁgﬁéﬁ%{'ﬁési S. or screening, conprising; (a) contacting a root tag
with.a labeling noiety to covalently attach a |label to the root. tag and
fo.pu a | abel ed tag, said | abel T#tdatAoi ety, having one elenent with an
@tomic _nunmber from 17 toOfgoes Hage i . j enent is other
t han syl fEnzy-mﬂ#phFosphor_us; s¥eti@sApr i | Epgymewp 02/ 066952 PCJ/ USO1/ - 1995 |
(b) optHofatty;—cpt tagl'."hr‘kgs SO0t Wi t{Tadditi onal —Tabel i ng ieties to
coval efft | y at t ach| X411 Grial | abel st potennosidaserlag and f a mltiply

| abel ed tag,, said| ,l abeling noiety hayjn : ment with an atom c nunber
from 1?—&—9—#,—-%—#2%?'&\;\/}5\; that :gu_g‘agﬁgsr}%? rs—ottrer ¢{han sul fur or
phosphqr us; 3and 5| 4ehatianatyai ng t he | hbengoinosidasbyl mass spedtronetric

met hodg To deternjne, both its mass a1ﬁ t he mniaer of elenepts with an

at omi ¢ Jnunbéy frn..af{fbf‘?ﬂii, such—t-hat - He—tt %' A d—nurber—af el ement s

i denti fli es tshe chap"yé;,ajeupglg)_cesses-to \piiRodandnidpeci fic cheg¢mcal of the

| i brary—as-been gxposed and the 1denfity of the chemcal fnromthe library.
- Preferrled el%®nent ‘Aflbﬂtiﬁa,ﬁ‘lfﬁﬂqx defect 5 : i bed for other
10 aspqcts of the| kpyanti-m MRaMEnae TREadBHIBhRbSamiiRI8OdsS |and devi ces of
the pr nt—nvenyron are further iTtustrated by the exanplles which

fol | ow.| These exahplebspametio fered t ol Prna¥osEas hut not tao 15 linit the
claimed invention. EXAMPLES Exanple | .20 In this exanple, a high
mannose-type oligosaccharide (Figure 7) is |abeled and sequenced. The

ol i gosaccharide is | abel ed usi ngatr,rlg'%l%ods simlar to those described in

Reaction and Label-Combinations

Enzyme’ | Action ) ' Mass Defect Label Used
. 3

| None Nane _ S ol = Label 1

TN

1 .| Cleaves. 1 o, 2 mannoses at any site o |
| - ~ Label.2

3 - ;'Cléavés 1a3,6 mannoses to any site
Cleaves 1 « 3 mannoses when linked to

'| a branched sugar - I SN §
*Enzyme number corresponds to the description in Table 1.1

10 5 o | |
. ‘An aliquot of the Label 3-cohj.ugated reaction mixture (i.e., digested with-- _
Enzyme #3) is further digested with Enzyme 1. The. rcducin,_g sugar termini generated' by this

reaction are s_ubs_cqu';mtly' conjugated to Label 2 as pEeviously,_dcscﬁbed.;:-..- -,
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Parekh, et at., U S. Patent No. 5,667,984. Briefly, a nad8 Apeif 2005 | abel
(2-am no-6-iodo- pyridine (Label 1)) is covalently attached to the reducing

. termnus of the oligosaccharide in 25 the presence of ‘sodi um
cyanobo@hyépkde (NaBH3CN). This incorporates a singl epéxptﬁ§m“g§.flect

el ement. (iodine) into the parent oligosaccharide. The addition of the mass
defect elenent allows the |abeled oligosaccharide fragnents to be

di sti ngui shed MHEYREAPEF thepe reackigneae e&rﬂ’éf"?ﬁataﬁlﬂiﬁqddﬂslhp additien nfigs,

spec by, l ljguoted to
reac%?%nrw‘fl Eﬁggch/o%f g?n%lﬁq?ﬁggagéléﬁgggggﬁﬁgf ggaSIS§ see l gss LI and 1 2)
i n aBpeavpe phthe low galaitifyorf thméq‘etal sonjTgate mwutSOdJn@n&nmsatﬂeoMChnhtysmﬁf oceed to

conpl e and r.eacty on ducts ar n ated at the newy
f or n%%f“#" %ﬂ '3%&'5 5T a?'ﬁglcfi n‘%ié?ﬂ'%tR’Bi}' ?éb@iﬁ"ﬁﬁ qﬁf?‘?ﬁ %é“ mass def ect

| ;abeingofpoates  loird Slaee (@7, aniN- éﬂ@anoﬁamyﬁdfhuﬂﬁ serf@Pindy b8 shbjectbd R5RR&e Of

sodi um'59 18 April 2005 WO 02/ 066952 PCT/ USO 1 /499%1 cyanobor ohydri de.

Eac hshsetralanalysts vithapt agidificationn The resulting mass saselrem ¢f deggavolded loct el enent s,
al | Oi/&ﬂﬁ'etahpchgthﬁﬁﬁﬁon;crtﬁﬁ%gé fotcBnddf Ahadsidafudi Bhad I)éﬁ?crﬂdﬁtgtgn% q@s%ﬁabel

fragment of .the original oligosaccharide. 5 10 An
3- cotiuigaentionr dherdsuiangidgeanvelved mass deféag epecdmyis then'algrrifsicallyrber .

cor T &aRARIEy L AAFASTRE ALLA ), FaBLdul QAT ERlodsatpl her di gested

with cing su erm reaction are
- thsaqumuehwacmqldjbmitadhédlolea&}einas% diﬁecpraﬁvll@djsl y..described. Table 1.1

Enzynme .#Speci e Enz I 1l us saitoia-manngsi dase | 2Jack beana
- mannosi dase 3A %ﬁ”ﬁ&@&ﬁ%?ﬂw'?‘ﬁﬁ Snags Lo ey ety byapch cpabinatier a6 ani ni dase

5P eNGXos) {Hex ald Nf&x@&mweda&qﬁmmp' BacH Hbl £8aSRBNAE ;gfa s§ 7Streptococcus

pneunonaeN- acetyl -héxosam ni dase 8Hel'i x pomati a- nannosi
En Zy@@ﬁmtpyﬁ eass wpk fel. 052 6%T arg eajthe weight of the estimated fragment mass.

Each HexNAC monomer unit adds a monoisotopic mass of 220.082114 amu to the estimated

-15  fragment mass. There is a net loss of (n-1) times17.00274 amu for each sugar (n) 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 showri'in Table 1.3.

. _ Table 1.3 .
20 Number and Type of Hexases
Correspanding the Figure 1 (A, B, and C) Peaks
Peak : Composition
. : HexNAC Hex |
A 2 A
B 2 5 -
C 2 9
D 1
E 1
F .2 ;
G 3

' The ma's's"l'addef.fdrmcd from the fragments conjugated -tb"‘inB.el' 1 mdlcate -
' _that the outermost sugars are be hexoses. The hlghest mass fragment con)ugated to Label l
25 co:responds to thc parent oligosaccharide. As a result, the four hexose mass dlﬁerence
| betwccn the first Label l-conjugatcd fragmem and the parent indicates the | prescnce of four :

‘o-tiannoses since both enzymc 1and enzyme 3 only cleave a-mannoses. Since peak Dis the _
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NoneNonelLabel | HZN 1Cl eaves.1l a 2 nmannoses at any site HAN Amivebos 2
3Cleaves 1 a 3, 6 nmannoses to any site Hp.. Label 3 Cleaves 1 a.3 nmannoses
when linked to a branched sugar~ . Table 1.2 Reaction and
LabehASeidssosnati ons O i osaccharase Enzynes 60 18 Apr PCTASOBND 02/ 066952
PCT/USO /-19951 Aliquots fromall these reactions are then mxed, acidified

by the addit f a 50% v/v_nmixt l-and
sﬁmﬁli‘»@liér&&a& it B S B BABA S S}t ool o

! (@€ thaiRbsel b herE@S beppdhfehal dral yisinsodes. conduct ed
e&""ﬁl’ fdu tlg?lzglcl dif |acat lon. Alternatively, a different 4abe| series

t hat 5 incor pmateﬁsﬁagmqrtdn ttedrabel | mags ladgq,f (ﬁg%h £ frflesaly 3y dignalm ser es)
; Jaagtren e e { The
ggs&hgms%s ﬁge%ggz%p{f%ﬁ?@ge%&% glrxsz,'oﬁd% 5@8{{{;1 @@g@g fiwgat i on. The

econvo renove all chem cal noise that
gloeg T Oft{e@nly MaltREg mélez;tod,agmmﬂamaks 331 gutheS(})-@tmEﬂg 1 exosg h, s

I nvention. The.resulting decaonvoly def '

al gfmgmbnt), d’a(lal%hc’m@efa%g@fl‘f@ﬁ g G E?e3 ﬁ@ioﬁhgrggwnﬁshﬁgwgﬁvaeﬂﬁ%ds%y predi cting
all the DeeslifibAlmanisbe $iacatdzgmeed to each
rras?e’ﬂlﬁfgéflglsggel gttégﬁs@a%ﬁaﬂ%qglé%rqgﬁﬁgﬁorl thm cal cul at es. ct he mass for

eveRy iy ABsks ¢amiddat batinkhgeshtheagere( teremasident lrasttposEPaTAE fo5 e ( HexNAC) .

Each Hex nononer unit adds a nonoi sot |c mass un amu to
theané’pghtt&iiiﬂqvﬂé"*@ﬁt’ﬁcﬁr&'t@ﬁ°l’l‘%l@l‘?eaﬁ‘fl §§“m8§1 ?—li?l\lﬂ&%ndrlgﬁrr%?pumt adds a

rmn0| | C -mass | de din bd &givedqt nass.
19hee P PTG mdl“ 9’? a#r‘ltgs fogg‘év% aﬁnﬁhfsgﬁlie?a%h sugar (n) contai ned

in the fragne an hg (Qb mglmamﬁelmﬁ@&{ﬁ{aﬁﬂbﬁg,ﬂﬂlmaks mat chi ng t he
search crlterla or els 1, 2, and 3 are shown in Figures 8A, 8B, and:
8C, respecti velhgre r'lih&cmamherrechfcmgrmd@iéise cliapsagchaeds/| am nohexoses

corresponding Tth?s ;;[r(r)]ge%se 1s rsl?ialétsedai)sl?lm ﬁll}f) rent enzyn?e%l f?oril 'Ilag’le 1. l29nul the

corhplete sequernce is determined. For example, digestion with enzyme 3 followed by
15 enzyme 8 allows the determination that the initial sequence is:
—Man—1 B4—(HNAC}r B
The full .s.equence of the reducing end of the oligosacehéx.{d'e-i.s detem\i'ncd-hx

reaction with enzyme 3 followed by enzyme 7. '
20 Example.2

In thls example a mass defect label is used for the 1dent1ﬁcat|on of the fatty
acid composition and arrangemcnt in llplds or “llpld sequencmg ” This example utlhzes
phosphatyldylcholme however, one of skill in the art wlll appreciate that these methods in

.25 .. combination with alternative separation methods, spat, and llpase selectlons can be apphed to
any of the sapoﬁiﬁable lipids as defined by Lehninger (see, qucHEMJSTRY (Worth, NY,
1975). - | - T
A lipid extract is prepared via ether extraction of an E. coli K-12 cell pellet
usmg the method of Hanson and Phllhps (see, MANUAL OF METHODS FOR GENERAL
30 ' BACTER[OLOGY P: 328, Amer. Soc. MlCtOblOl Washmgten DC 198 1). Ether was removed
from the extract by evaporatlon and the llpld pellet was resuspended in a 65:25:5
methanol chloroform: formic acnd solvent system (contﬁmmg 0.1%. butylated hydroxytoluene
| to lnhlblt oxndatlon) Half the volume was spotted in each of two lanes ofa scnbed sxllca HL

62



PeakConposi tion HexNACHex A2.1 . 825 C29 D1 F2 (3 Tabl e 1} gNooteer and
Type of Hexoses Corres ondin the Fi ure 1 (A 8, and C Peaks The nass
~ladder forned fromthe fragnents conjugated to Label 1 indicate' that 'the
out er WRshraeasigar s are be hexoses.. The highest mass fraogaf s6p ugated to
Label 1 25 corresponds to the parent ol i gosaccharide. As a result t he four
hexose mass difference between the first Label 1-conjugated fragrrent and

t he patedAiteihnBicerditells Lk handnlloseddedot Tradipidewemnersded siingesdveitt enzyne |

and' n April 2005
A A R S T A LAl P e PR e SR

fourAmi PLAYELDTLS E)ron:menAlstempfmmr(Sthm‘orchumcmgy, Starfmdn@&\ iDept. obe 1 a 2

l i nk nno d there can be nq. ipnternal oses. The next

frag&@‘?ﬂ“sﬁ% tin) Dﬁw%vmfeﬁﬁésgar?taﬂﬁ*éﬁlp Ogéykh%i P oPES [}96 43S sgeeveonal 4

heX OgfeiSexhbR01d %I&rﬁﬁbpme&rﬁmﬂ& relddVeSpd¥itiins 6PEACR S PARTiplPfrabidadP! €

digested wth 5 enzyme 3. The only matching Label 3-conjugated fragnents

( Fi glihesiB@)matrix was serapedhBqodbe regiongmihe yndavelogedlapesastspindingterted and G (a
3 he x 66 5 hexoses, at |east one of
thesés)of%’?haﬂrqg‘gﬁame)sg?‘sé:ont?&ﬁﬂéﬁllﬁga&gmcﬁ&géallr?ﬁnnose Since enzyne 3 only
cl eaves t a 3 Hrdilicagpellel wadaasiespendedan ¢ 00 péof phvsplelipastredatioabuffaast t wo

3 ~=1.u 6 |inked ( S, | t dth
oanBhEN 5 ePsosed b Lot M, ERATOREG Hele el i h R o i o
f | $ilied s -1
g ol orme ittt sedssd pel

r edutsbag Temrsbaliquakwas frepsediox thsraddision pif spholipase Adcfraradfpisi t h
diff T |
1T g0 ﬂ}é d?é]@ﬁ';l‘?&mi.&?@t @oglﬁestf»&lmﬂ 4«:1&*8%1@@8%1&%{31@%36@@&?c.hss

det er 1 exanpl e, on wth enz
The second aliquot was treated by thc addition of 1 U of Novozyme 871 (Sigma-Aldrich, St.

Louis, MO), which selectively hydrolyzes the C3 fatty acids of phosphoglycerides. Both
I5  reaction mixtures were incubated at room temperature overnight.

The reaction -mi"xturcs were evaporated td dryness under vacuum, and
resuspended in approximately 25 ul of dichloromethane. Mass defect Label 1 (2-amitio-5-
iodo-pyﬁdine) Wa§ ddded (20plofa 1 M solution in dichldi‘ométhahé) to thé phbspho:yi'ase'—
A2 reaction mixture.. Mass defect Label 2 (2-amino-3 5—duodo-pyr1d1ne) was added (20pl. of

20 alM solutlon in dlchloromcthane) to the Novozyme 871 reactlon mlxture An aliquot (20 pl
- .ofa 1 M solution of 1,3-dlcyclohexylcarbodnmlde) was then added to both tubes and
incubated for 2 hours. The carbodiimide catalyzcd tﬁc conjugation _o'f the cnzymé iibegatcd
fatty acids to the mass defect labels. The reaction mixtures were acidified by addition of 1%
formic acld (v/v) and mlxcd m\mcdlatcly pnor to mass Spcctrometnc analy51s by mlcrospray-
25 onanABI Manncr MS. ' '

The chémical noise was dcconvolved from the resultmg mass spectrum by the
algorithms of the prcscnt invention, Ieavmg the deconvolved mass spectra shown in Flgure 9.
The ldéntmcs and relative abundances-of the various fatty acnds at C2'and C3 on'the |
.phosphatldylchohnc lipid backbone were determined by mass addition to each label. Thc

30 lengths of thc natural fatty acid. talls occur in multlples of cithier —CHZCHZ—— (28 031300

amu) or —CH=CH— (26 015650) umts The mass of oné H { 007825 amu) 1s added to
each predlcted chain length to completc thc stonchlometry of the terminal methyl group

Branched fatty acids cannot be dnstmguushcd from smglc chain analogs because the loss of
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15 enzyne 8 allows the determination that the initial sedgeAsf2085 - Man-1
(3 4-(HNAC2)-r The full sequence of the reducing end of the oligosaccharide
is determned by reaction with enzyne 3 foll owed by enzynme 7. 20 Exanple; 2
I n t hWO @&l e a mass defect |abel is used for the i @eMusor/ggsion of the
fatty acid conposition and arrangenent in lipids, or "lip id- sequencing."”
Thi I odaTo] M7= il in the
I ST, ol s AOCRA L IRty MUl c288 Aol

al t dhestoichiomregyat die tommmtthﬁiﬂspcxspmlch and | i pase selections can be applied

to any of th a fi.abl,e | dsad n ni n e,
BI OCHEM STRY. ?% Fﬁpl?\r!%}’ T@“fﬁl "Aaf‘;g‘ﬁﬁ %Lgx?rg%%t%/th? ?%Pé%ﬁ?&é“ Bf 2 et her
ext reaGinhen fdh e rondiwlidpidpdal he@hls foelnk Shriousdiabel t-benjapiteiDgkal Hanson. and

Phillips (see, MANUAL OF METHODS FOR GENERAL ' 30'. BACTERI OLQGY, p328, Anmer.
goc (AvrcriapFigrre Ovaldisi 'ﬁ'ﬁf“éﬁ\ab“B@"ci obthy vapeysdattyacids ¥ the €4 Poflfleﬁqotf he extract

d |
et PRGBS R ah P e Rimafit olRisdiGBY BRAORTEhet B e ot dac o). -
Hal fLabBE2-¥6Hjuigited\Bcaks poI-Led, iRig@ao)) THerdfafe, theeeragd scqushdeidrekl silica. HL 62

18 April 2005 WD 02/ 1166952 PCT/ USOL/ 49951 plate (Altech, Deerfield, IL)
and phiosphatidylclelieyof EThe/! Isishpes imEatde 2dpar at ed using a sol vent system

descri bed by r ANVPHI PATE] | C . ONS- W TH '-
ERTHROGYTES FRK(Ee ﬂ‘i@E‘E@%& (e 5 Abtaiged iy Kﬁﬁfgé‘ﬁ? Bf#eGirdersity,

16t anﬁmrldycra&pnaaygrapqudnm@nﬁm s:tduyers di9atjon ni¢thad iprvaldels thedydaiphbbieityhe | i pi ds
by head groups fgand ex osed to iodine_vapor to

det é’ffﬁ%‘g“l’ﬁ‘gd?@‘&ﬁ’%m&%? e RS focelRe Fraspole. Omsp( "dpiddess $fd 7 The

si | i132 (/Bdgy). x was scraped fromthe region in the undevel oped |ane
corresponding to the phosphatidylcholine spot and was placed into a

m crofuge tube. The silica pellet was resuspended in 100 pi of

phosphol i pase reactign buffer ty:g:,li? as described by Cottrell; METH.
ENZYMOLOGY, 71698 & ¢e/ghhoshatidyicholing Jeduepce fampasition,.  an a1 j quot (50 pl) of

‘the silica|s aIOn he vedto secod cofu  ube. The first
al i quot was ﬁgg >d by\ﬁgﬁy\ dltlcwﬁl—@?pr"'l qéb%{-—palae. A2 from Apis

b o . L fLable :
mel | i jera (ol oe= N-dr-eh—St—tout]s; Vi), N hydrol yzes t he
C2 fatty acidsy THeoa&seRd aliqudt wasopreate by tfge addjtion of I LU of
Novozyme 87T (p OfRxdadEdandie St - Houi S, o0, chggiectiyely hydrol yzes
the G fatty agT d$ pGhaBlBRSPNOgI YCHri des__Both [I5 Tegctionj m xtures were
i ncubat ed gi T®OM| hitdRsfeadndice over|ni ght 37 _ :35. '
SR e Teeic - . -2
: F__ [ n-octadecanoic . 2 | . 20 .
15
~ Example3

This example -dcsc'ribcs- the preparation of photocléavable 'mass .dct-'e"ct' laBeis' B
200 havmg bromme or 1odme substxtucnts 'I‘hese labels are useful for quantlfymg the relative -
abundances of biomolecules (e.g., nuclelc acnds, proteins, or mctabohtcs) that may otherw1sc '
" exhibit low ionization or detection cfﬁcncnmcs in the mass spcctromctcr Thc mass, dcfcct
~ label scrves asa surrogate marker for its conjugate blomolecule in the mass spcctrometer. )
Vanatlons of thc terminal chemlstry prov1de means for attachment to primary. amine, ‘
25 - sulfhydryl and carboxyllc acid contammg bxomolecules Thie inclusion of thc mass dcfect
_elcment in the labcl allows the label to be unamblguously resolved from overlappmg

chcmlcal roise that may be present in the samplc and two samplcs from one another whcn



The reaction m xtures were evaporated to dryness under VagnpRl
resuspended in approximately 251 of dichlorotnethane. Nass_defect Label |
. (2_am no-5- iodo-pyridine) was added (20I of al Msolution in

di chl q¥8t 2}3((;)hpne) to the phosphorylase’ A2 reaction m xt ure.. Mass defect
Label am no- 3, 5-di i odo- pyri di ne) was. added (201 'SfV8I4%M sol ution
in. di chI oronet hane) to the. Novozyne 87 1. reaction m xture. An-aliquot
(20 Hifferegpt nambenyiof olas dedert efentbnG-adi inyopohitedihoawbdsbielsiseedlsovas t hen added
to b%th Hﬁ?s and incubated for 2 hours. The carbodiimde catal yzed the
conj uégﬂlf’g of the enzynme |iberated fatty acids to the mass defect | abels.

The reaction nBsqy, eS(zmn)ety&ﬁmechillsﬁﬁ)iiaMCWritb RtheP{FTH Y6}, Prdfiafeifsl d (V/ V)
and m xed imediately prior to mass spectronetric anal ysis by m crospray

25 oflessHbedry Rehmidest alBVOPIB25AL Mubal, 1889)de mixes Wiskkorrrofthed from t he
rfsuhéar&go gééc&ﬁﬂ&tcfa‘ﬂmabyﬂ:;bﬂebmﬁllogwn'ogg' ?\Eerﬁfls h{ga@nqa %gglgt%{on@/ent i on,

| eavi ng convol ved nass spectra s ure PH8ntities and
r el athiecerrasnondmg begmiofited heiodanatedwsass defegt lateit d&caﬂso@&smgdnéﬂiodkrhst he

P Dol ERhREY iSRS o, HelodRasR Gy 1 Sl HGto e S Bilcises o i ¢ pi ag.
of ebé hBerted Bt FI(IBBa%th]:l%ma’iI?ﬂh)ss 8¢fectGonfaliting 3{9]% af 8tdugthks. The nmass
a

of oneH (t.007825 anu) F added to each predicted chain Iength to conplete
t he UICOTMRRUGRG A pommerqid Yf%’f*?‘?h'ﬁﬁl’dfﬁ‘ﬁt'?ﬂ}leer“cﬂjpilhb’fgﬁ)ﬁlrweml dthert yoaci ds

r@Nn | pss of 63
"ol 85 A shEra M 004 RO SR SERUE R 2. ),

br antdmep@ethed jusedrte epaterteld 0py Sirhidarkyx blraacltddraesddémst andbenpdasideby t he
st oi E&Hl@&?&r{d%/ wgth (%‘gﬁg% nuser%f tggal ﬁﬁg ch. The rel ati ve abundance of

the vari ous acl Ry s5aty ﬁ"ﬁeé‘e"lé’étl mated fromthe
nonoi sot opi ¢ pé‘bé(tch&jughtcﬁmétbyl dilage M&f&@x@grbﬁ@@fth@%ﬂﬂé{g&tl%l peaks 5

Al->F1. Fi bund f th fatt ds at
e Biscisstt (U1 douehRTohR bl T brigremsed ariouemaler praesat {1 om the
DN OirfRde Rkl Rk nn&nmhsncfugnemﬁlome bPYer otk n?eaﬁggér{éga%%o%aks

(A2->F2, F| ure 9). Therefore, the average sequence o
phosisthe Ay | Bﬁé?ﬁ%@'@!“@cpmqwﬁ phegolagvfiuriher quaipled t9 afd appraptistely- | i pi d

f. d 10 thi
oy SRR M e e Bt CEAA 85 SIS o™ o ch the

hydr %{bh@tyﬁmtbyconwrtcﬂhe tHegtrimarpaiite a slcambeld bySclanidt steal tibal, ITheisdfind see, for

exa i d Res. 7: 13 1966 Table 2.1 PeakFatt
AC] g%rx)lp je fur tr dcxgmﬁlgbﬂ@ ppropnat’c pzlcnyjl vmy}su%fo(nc Ex%t)nples of appropnate y

20 phenyl vmyl sulfones include, but are not limited to, those with blocked pnmary amme (or a
nitro group that-can subsequcntly be reduced to an amlmc) carboxylic acid (e.g.,
tnﬂuoroacetate ester), or thiol (e.g., a d|sulﬁde linkage) substltutlon on the phenyl ring. The
20 amino group of the linker is then reacted with trifluroacetic anhydnde or methane
sulphonyl chlorde to render the label photoclcavable F mally, thc blocking agcnt is removed

- 25 by methods gencrally recogmzcd in the art and thc photocleavable mass: tag is. conjugated to .

molecule or macromolecule through the free amine, carboxylic acud or thlol group by any

suitable, generally recognized, conjugatlon methods to yleld a photoclcavable mass defect taé

conjugatcd moleciile.
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C3 (Label 2)C2 (Labell A.n=dodecanoi c20.10 Bn-tetradecanaigeg{it9005
Cal mtol ei c-2 Dn-hexadecanoi c37.35. E-oleic- .2 Fn-octadecanoi c2220 15
Exanpl e 3 This exanpl e descri bes the preparati on of photocl eavabl e. nass:.
def . .weebnk@bel s 10" having brom ne or iodine substipicutaisbgoeihese | abel s
are useful for quantifying the relative abundances of biotnolecules (e.g.,
nucl ei c acids, proteins, or netabolites) that may otherwise exhibit |ow-
i oni zation or detection efficiengies;4in the mass spectroneter. -The mass.
defect |abel serves as a surrogate marker for its conjugate bionolecule
i n-the nmass SpeCt regﬁkgraally\@%hﬁ;lé BRsim&fank RRIclFHeRbERal chem stry provide.
megns—for attachment fo prijmary. am ne, 25 sulthyfhyl, and car boxylic acid
COlfisabstida BlaBD! ecul P8odel Hauds3 et Qibd) PrdchiBolBs s defect .element|in the
| ayel gl Tows.” the Tapel td bg¢ unanmbi guously resol ved Fron1ovefrapp|ng
chém cal\noi se that npyobe _sanples frpm one
angt her, E. Coll Phoshgti on 18 April 2005
2708 CT/ USO | 1995i TR el emrenfs are
yted into twoj | abells (see also Exaaple 1). =
/out yl di met hyl i | yl )|- phenyl borate ether (FT 106), prepared a$
~ dedcri bed by Schm dt et al.] WD 99/32501 (July 1, 1999) is m xed wth one of
t he" SZWF"P‘@S’MdI ng_cpmrer gi adrd8ptyledingeinytit?. ¢6-tirdonaoxpiverzgaidsipieenol s shown in

Talhl e 3. \ form the corrlesponding broninated or iodinated mass defect
| athab 3o+5 USi npMBERH ' 99/ 32501
(Jdly 1 %9) . Addit} onal peen

- FT106 and the term nal nasq defect-contal ; ] [
i ngor pétedartsl of a copmercilal | y-avail abl e Nydf .
4, 4" - di hyr oxydi phenyl | et her. 8d4]58y‘%93:‘ganPLémerwtegkgxyNwegﬁ s‘er m nal phenol is

r egeti-vated ’u'} Ag—a plcnyl OOt cl.\..lU e HuS—Doy—the : 1VTEL hoeH{ used to

crdate FT106./ Sinilar Moppran he aryI et hers can be create by ad_jltion
pT ot’ c

and react/~ati on of the comme y=avai | a1, 2, 4- benzenetriol . The
et hyl s| | ane Y ) 8ct | abe
t hr ough I\/DFS, Table 3.1) i} poved V\,i Dl ar exgess of

MDP4
'DMPS
" 4-Biomo-2-niophenol | | "_'f2-«iitrb—(4-bmmp-phendky)-bénzyloxy]—jten-t'mty'l'-'dime(hﬂsﬁé'n'e :
5 : " Exampled

This example illustrates the use of affinity-coupled mass labels for the -fap'id
and quantitative analysis of affinity puriﬁbd mass defect labeled compounds obtained from

different samples. In this example, p_ro.tcins- are uséd, but one of skill in the art will app‘re_e—iate

66



15 trinmethyl sul foniumfluoride in nmethylene chloride or d8hgril 2005 abl e
nmeans generally known in the art. The correspondi ng deprotected phenol is
further coupled to an appropriately- blocked am no |inker (see, for exanple

GB 98wihikmsesd2 (July 13, 1998)) which is subsequenct! pgamigidgd to the
primary am ne as described by Schm dt et at. ibid. The amne'' can be
propri ate pheny]. vinyl sulfone. Exanples of

furt . ted wth . ,
ag[)t’a@%h“ré?‘g’t Cﬁ%ﬁﬁl’lﬂ%ﬁgﬁ%ﬂww&gf rHrATERn ob#fty mpkcwetca-pyrifiedd to, those

Wi t Mrdth Qifepshe BAhprBEY amine (or a nitro group that can subsequently be
reduced to an aniline), carboxylic acid (e trifluoroacetate ester), or

thiol (e.g., &renasiioniodend labalstpsts véumtyispuéb%hetgwbiﬂmctmdmm ring. The 2
am . the.li ' ] L th Lrifl.u ti.C dride or
ot 1RrERR ddhad (8t R Lo el R 4RGP Exiiyll ghin S IRBE ST hESRY 14 1Y
She apl MIRP 5 (Tablpehi) are alsenmafet . E&h diyhesemiilingkscapdeaertddywitiegogni zed in the
art and.t he .phot ocl gavghl e mass tag i nj.u ed to nolecule or

e FRIUBEE ST aG Mt Srepaatoeiinrle (NESS BusSetan afliy, Fagont A a%gr oup by
any théedrmbrlcRilly GOmebN NUSLRGABIbER 85 bis @R ielulcdin HRHyARAS aldontifl d 2

phot ocl eavabl e nmass defect tag conj u?at ed nol ecule” 65 18 April 2005 WO
(12 /Theaepstiopmxturscs incabaged for a6 jeast 2h belqre the addition of water to hydrolyze any

L2, el B AR BE0G YL UL TEL Y 4 e Searpl e 4
10, 4, 6-Tri i odo-Tpherntal grenp isBheryteddeatab yprinjafy aink Girgr stirdad-ridiRadaxy ) - benzyl ox
o SRS PR Mot Tld al d el O U RERASA Yo le compbuna 47 "Y' 7S ! ane
3 I\B/nﬁggvpm&@me%-y(ﬁmwmmmw}an@mh%y&@t&wesmyéa&h&*@%oﬂx' - $i lape HO
(produced by reduction of the nitro group) 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. Alternative linkage chemistries suitable for
reaction with primary amines can also be used. |
Optionally, the amino group (or second aniline terminus).can be extended l.)y' o
reaction with hydrogenated and perdeuterated polyéthylene glycols, as dcscribéd by coe
Aebersold et al. (WO 00/11208 (March 2, 2000)) to produce a series of isotopically-distinct
20  mass defect tags for differential labeling. Si_r‘r_iilariy, i's'ot-_opi'cally pure aryl brdniidé"or iodide

~ starting materials may be used to generate isotope-coupled afﬁnity'tags' directly.

NH

X

4.1
25 " Compound 4.1 illustrates a inass defect labéled iminobiotiri afﬁmtytag where
X represents a mass defect element (e.g., bromine or iodine) and n represerifs the number of
mass defect elements. The Linker is aniy finkagé chemistry that can be.used to attach the.

niass defect affinity-coupled tag to a target miolécule. Examiples ificiude afiline {which can
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2, 6-Di brono-4-niitrophenol [4-nitro(2, 6-di brono-phenoxy) -benzyl oxyl -t ent - but

yI

di et hyl si | ane CDMP50

RS b RRooR e ity

.. HO B:r 4-Bi bno-2-nitcophenol
i |l usvesreedshe use of affinity-coupled mass | abels fBETAURRI/98HI d and °
guantitative analysis of affinity purified nass defect

obt@é

one O

hﬁ,%dmlnmetcheralsﬁwmo%cet%me [dRiedb

-appreciate Comercially -

le

vai | ab

Thi s exanple

| abel ed conpounds
used, but’
Brono- and

| odizaéliiemal milirgovith Bdapedtic anbﬂandmomazl@@mm b T¢aokon mithadsie acidat thi s
met hod can be applied to the analysis for conparison of any nol ecul es

CcoO-

purified

any suitabl e heterobifunctional

commer ci al | y-avai | gRhRpRy 3FRIfRRy-SbaMEd MBssTEEA Ldbels -

fromdifferent sanp}gi4.¢reparation of the |abel
brom de or iodide (such as the
MDP4 5 and MOPS

aryl

starts with

(T

st pi chi aam@iobifGnaioness of| aodd- |

re
no

ppole 3. 1) are also usdgiul. E

NMer ci 4§
cet oni t

agent, such as. the c
ec urgibromida el yattida) s

jch- of these anil1nes can be reacted
ydr oxy aufattyRialpled NSy Defecelrabel an af

rile The reaction mxture is_incub

| | y-avail abl e NHS-i m nobi otin or bioj

Wth a
finity
in -
ted for

at
NH
re
Wi
be
Th
. us
- us

re

(of

- an
(W
20
ary
is

| east 2 Qre the gddition
S- ester. Nl ve Ils '\@/’dpc
du8 d to ryngzm ne usif
[ h SnC12 Zaddéd as a catal yst.

ow) is purifined by afffinity
am no group B¢producled by 1
h aBQl QRS 4 Siida@héE criossl i nk
nd directly for linkage to c4g
ng carbodiim de chemistry.

Action with primary anji nes cg
second _aniline ternijpus)-

a)

-

A

ir b ic aci d colft aimi no
Al ternative |inkafje chem S
n al so be used. tional

dard net hods, such as dilute

of fwater to hydrolyze any unreacte
r;&to dryness. 10 The nitro group
he rPaction product (see compound

is then

(Cin doacet i N

i
is then
HCl

1.1
ness.
react ed
my be
pl ecul es
bl e for
D group

H per deut er at edBpol yethyl ene

0AA2 ¢
di f ferd
startir

bromAde' or i
JF%%e c-.pled 4

Br .

2,6—djbromo—47nitroa-niline

| tags di

n be ext ended by reactron with hydr
as descrlbed by Aebersold

i sotopically-d
Iabellng Simlarly, isotopica

NH2

genat ed
et at .
stinct
ly pure

— :
MDA3

OaN NH2

- 2,6-diiodo-4-nitroaniline .~ |

~NH2

To lllustrate the use of such. tags blood plasma samples (1 ml) are obtamcd

'from each of two patients and placed into scparate microfuge tubes. Each tube is trcated as

follows. The macromolecules are preciptated by the addmon of trichloroacetic acid to a ﬁna! .

' concentratlon of about 10% wiv and the tubes are mcubated on lce for 20 mm The

'_10

-preclpltate is pelleted by centnﬁlgatlon (

14,000.8) « and the supgmatant is removed Thie pellet .
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Li n
af f
7 od

ker 4.1 25 Conpound 4.1 illustrates a mass def ect 'abl%l,l%lb ghaobi otiri
ro

inity tag where X represents a mass defect elenent (e.g
ine) and' n represents the nunber of nass defect elenents. The

m ne or

Li nker

any lywoka@geoshem stry that can be.used to attach the pciRgsy@ntect

af f
ani
[in
(fo

inity-coupled tag to a target nolecule. Exanples include
| i ne-(which"can: 67 18 April 2005 02/&?6952 PCT/ USO 1/ 499i
kedriadgindss yaspym; Thedrigd PP%?%E}H"S@&? dn it

A b
gucreliers af@arsyitable typlic et :m de

is

fouiR iYburf e {00 b s drd 0. PACAG @d(8-cABbYAkyIPphosping 2! de f or med

tiron wth nitric acid

Het bydiochionide.i Bhasabatemas inqubatgd Mplgéﬁatl\ﬂﬁ Def ect Label aryl bro

i od
Br

10

m de or

s oo MU EABLa i TPt AL B RGO B Rl S0 ™

(9% Ny&\itl{aanBoz(c@alR))leﬂe IthKdH2 AB aliquot (50 microliters) of the tryptic digest of sample 1 is

added to a microfuge tube containing 10 mg of [7?Br]-MDAL. A similar 50 microliter
aliquot of the tryptic digest of sample 2 is added to a microfuge tube containing 10 mg of
[8|Br]-MDAl. Both tlleS are incubated for 3 h prior to mixing the contents together. The
affinity-labeled molecules are.puriﬁed by chromatography through a Streptavidin-agarose

affinity column (Sigma-Aldrich, St. Louis, MO) following the manufacturer’s recommended

- procedure. The recovered tagged peptide _mixtufe is analyzed by mass spectrometer with the

15

- 20

mass defect peaks deconvolved from the chemical noise generated from unlabeled peptides
by the methods of the present invention. All remaining isotopically-distinct pairs of peaks

were quantified for their relative abundance.

" Example 5

' This example illustrates the use of photocleavable mass tags in sequencing

methods. ' -
Using the miethods of the present invention mass deféct elemerits such as

bromine aod europium were specifically incorporated into the weight range adjuster

component of a photocleavable comp'onent described by Ness et al,, U.S. Patent No. -

6,027,890. The mass defect provnded by these elements allows fragments contammg the '

25

mass defect labels to be deconvolved from the chemical noise generated fmm other organic

molecules that may be present in the sample. In addition, thlS example shows haw the use of

- peak pamng deconvolution algonthms described herein, allows quahﬁcatlon of low signal

30

peaks in the spectrum ‘when mass deféct elements with high natural abiindances of stable
isotopes are used. ' ' - N S

The synthesis proceed as described i in Example 5 of Ness et al. zbzd with the
elcception that the R .34 compounds added at step H consist of bromophenylamide

derivatives of amino ac:ds with varying chain lengths The bromophcnylamnde denvatwes

are prepared as follows
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2,6-diiodo-4-nitroanilineO To illustrate the use of such. {3a,gd§“| Jdpbgod pl asma
sarrpl es (I m) are obtained 10 fromeach of two patients'and placed into
separate mcrofuge tubes. Each tube is. treated as follows. The
Macr Qb ARKses are preciptated. by the addition of triedi/oseapesi c acid to a
final concentration of about 10% w' v and the tubes are incubated on ice

f 20 m The t at II { 00. d,
the supermt arfioru S EfaetmoSnasishfid Rk b, SERbodS R itde B0 ) 2N
Def gigoiVed e 60 &8 ot 8ryABlukhe. 2&9&1t\l@lﬁ?l?deB@QBthlBﬁiTs/leﬁ(Didedgn%ka¢lsofcm0 ed under

vacuum The dried pellet is resuspended in 100 _mcr Ilterﬁ S a suitable
t r yrweition vihlgeEe Fanh Kumt @Muebﬁtsml?hl?@amdli‘ﬂ‘w of Py £t Lextdu o8Py

L s L R L

ove? softopi ca y ‘pure aliquots of MDAl (mass defect affinity
4 abglid frr-Rng atee nepated by statderd metlmdokis atided (gecath wker T Areaghiomigot (50

mcroliters) of thet tic est. of sanpl.e,.| crofuge."
tub%“‘t}‘fﬁ‘ltt‘él’lﬂcﬁ‘@fj ‘i‘(?"l‘l’é “[%%?‘lgg .20 uth fed terﬁB“‘%%ﬁ%ﬂ%? n?o‘)zgl i quot of
theb# théRUdiGoA bP@ftuotdacsiBvi® Qollvsmaddled rérﬁowaadmyceva[iatgeort arketheont ai ni ng 10

[ 81Br]-NMDAI . Both tubef are incuhated for prior. to mxing the
co nb@moﬂh‘twb@lﬂﬁé derivatwes:are PHTigd by BEAPRGIYE FRYEEHE 8235539%‘3 P8ed by

chr é{g}l;h agarose 10 affini ty col um

(Si E&Q}S%%g%ﬁ’&@‘g ﬁﬁﬁk/%)m&%ﬂge\nn ng the manufacturer's reconmended
\@r ocedur e. ThEhe lmmophetylmgg ddnmp'ps ae digsplved and ehramafographied ysingis s

t th.th def k f h |
noi SYMeER ertﬂoorlhm?w@%%m% EherPRRE® BRI S B P TR
i ”‘”??6 f&?%nad {%Jad ﬁm'oﬂ i) 95&%%%':4.&{:1@ st ﬂﬁltuﬂ%a;faéetsﬁmneamor wer e

quan err atlve abundance. 15 Exanple 5 This example '
il n&tlfaable&tlt eteu gea @QISQ)mmoﬂbwavahé grasient aeepstiysteddeheaedlyy [0 et hods.

hod f f o
br oﬂl%rf ﬁggté’ﬂ%é’ F‘(ig?'rl?‘%l}ef AR Tlhe 3& P%gsmg)? a@%gﬁﬁ%b@h%ﬁﬁ%% such as

speC| fical Fncor to the weight range

18d] €&ktSkh 0. mamammonafm acduhetdiethglamaiz, metlmynnnnemr apeponivindtydpyxidess et al .,
U. S. Patent No. 027, 896. The mass def ect I’OVI ded. 3X1Pt hese EI enent s

al | émaidfin salehi Eﬁ‘t‘sﬂ%l‘ﬂabf‘?ll‘lfﬁc mqbale pRasea Sases é‘(?fe ipmedalige oppeakyo - onvol ved
fr O%léaﬁ&.ﬁé‘ﬁzﬁl H&' SPhddf P&l pEdioh iy bpeiohaly B @aditied inRtengti s - t hat may. be

pr esent | n”addt t'i on, th| s exanple shows how 't he use of .

adding 1-10 % (by volume) of isopropyl alcohol, dusopropyl alcohol, or tetmhydrofuran to -
-effect changes n selectlwty between the constltucnts in the analyte mlxture and enable the o

26 isolation of the désired bromophenylarmde label material from its impurities. The gradlent is
1mplemented by changing the total solvent strength from ~50% orgamc (by volume) to

~ around 90-100% orgamc over the course of 10 to0 20 mmutes Reﬁnement of the moblle |

phase constltuents flow rate, initial and final solvent strengths, and gradient. velocxty are Ty
made for each denvatwe as would normally be done by one skilled i in the art.. Isolated

25  fractions of the. desxred bromophenylam1d6 matenal are combmed and evaporated prior:to -
mcorporatlon into the mass tag. o '

This procedure generates a'series of labels with the general composntxon

shown in thure 10, ‘which can be- reacted w1th any primary amine contaifing target

molecule(s) through the tetmﬂuorOphenyl-blocked acid monety
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peak pairing deconvol ution algorithns, described herein, 18 A@ih2005
qualification of |low signal peaks in the spectrum "when- nass defect

el enents with high natural abundances of stable isotopes are used. 30 The
synt h eed as described in Exanple 5 of Ness et i, with the
excepti on/t% ? the ,Rt.36 conpounds added at step H co%§/g§dl§?g'

br omophenyl am de der| vatives of amino acids with varying chain |engths.
The bronophenyl am de derivatives are prepar ed as follows, 69 18 April 2005

WO 02/ 066952 PCT/ USQ1/-*9951 AbdidPle 3- br onobenzoi ¢ acid and 5g of
1, 3-di cycl ohexyl carﬁ tﬁ"’}ﬁ“’ Es"ﬁ‘i%’nm'ﬁé frFm_“LBU m of dry tol uene. About
10 (# PRt S9e ; To

eagh 10 m allq ot a st |ch| onetric g antlty f one of the ter butyI
estlers ,f t m'_ra)(p‘am gs in Table 5111 is added,rel ati

br qmobenZoi of acrd. A differ eeNamGE EFW t erlt - lS'tsyl é(\’[ﬁ’é’r (p epared by
st qndard netypods) is addged to. each tube. The rleaction is all owegHt g
pr qceed ov%li ni ght at roomn tenper atGie and unregcted tert-butyl ester |is
refoved by W& addition|of trididiae oacetic acild. a‘f"%rﬁﬁﬂbutfr 1catc[ben r gnoved

nn dar i
by [evaperati-on—gnra—the—prorephenyl-amfle—dervatves—are—p! ed-—by

prgparative revirse phas¢ HPLC usi ng ever se- ghase chromat tﬁgraphy
wi tth. gr adnentt-ecutoon. 10 The, bron phJul_gm de deri va&ﬂ#ﬁs—-ar-eodi ssol{ved
a

and chromat ofjr aphed using a YMC bfand C8 or C|18 statiorary phase
(dilmensi ons ¥ 2%%cmx 6 M 1.D., 35 m 120- 350 A) and [ gradient robile
phgse consisting initially of a mktlre of acetlonitrile gadjor methgnol

wi tth water iph a 50/50 ragio; flow gate and gradi ent -are ddj usted by tihe

angl yst for c<the specifig¢ br onpphenyl ani de derijvati ve. The: wat er phage may
optli onal Leycider mpdiidei ed 15 ZcpiraPHateiaagih| ar jammoni ufwessit at e,
di gt hyl am ne, t§iethylam|ne, or ammn@um hydroxide to aid idn solubillity of
t ha anal yjne— Ahewnobi | ¢ phasgain sesoiwher e jext reme tailijng or pedk

br dqadeni ng. has occurred| The. orggnic portion {may, dptl nal | y%e nodi fi ed
in|strength ¥a adding 1-10 % (by{%ol une) of i|sopropyl Lgohol
di ifsopr opyl ,cohol, or tfetrahydrofuran- to efffect changes in selectlvity
betjween the §dnsti tuents inmthe te.m xturg and enableg, the 20 isqlati on
of |t he desir ®ronophenyl am de | abellj materi al - fromzl IS |h a%‘l tcuf The
gradient is ml enmented by changr®g-"the total |sol vént "‘trengfﬁ rom{- 50%
ordanic (b‘g,u,m,lcurre) to around 9@sLMRAY%-0r gani ¢,} over the course of "1Q to 20
m nfut €és. Refinement of tife nobile phgse . constiftuents, frowrate,.initial
and final _'soLve-]-t. strengths, and-gradlient. vellocity are, ngfe for eagh -
derfi vat me—-af ' Hnor mal |y ba- y—ane ski|l | edtiNm—tdre—art® | sollated’ -
25 |fractions|of the desined bronop enyI am de ngteri al a?%ﬁconbi ned and -

evdpor at ed dT*l‘zbr to TH"“C“S '
CHy CH, 1 s
2-Aminodecanoic acid ' Valine 2-Aminopelargonic dcid
'S

Example6

L _ Thls examplc lllustratcs thc use of a photocleavable mass dcfcct label
generatcd in Example 5 above, m sequence dctermmatlon of bradykmm - _
o - In ttus cxample the 3-bromobenz01c acnd and alamnc conj ugate mass tag Iabcl :
'IS attachcd to the N-termmus of the peptlde bradykmm usmg methods generally rccogmzed in
the art Thc |abelcd pcptldc 1s dlluted to about 1 ng per mlcrohter mto a 50: 50 1 by volume
acctomtnlc watcr tnethylammc solutlon The solutlon was mjectcd at about 1 mlcrohtcr per

~ ‘minute into an Applied Biosystems Mariner ES I-TOF mass spectrometer eqmppcd with the
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i ncorporation. into the mass tag. This procedure gener at @8 Aprit200%s of

| abel s with the..general conposition shown, in Figure IQ . which can be.
reacted with any.prinmary am ne containing target nolecule(s) through:the
t et r avowomwepbenyl - bl ocked acid noiety. 7-0 18 April 20Q%/0801/0R5066952
PCT/USO 1 /4995 ~O 11 RN H C-0-1H2N (CH2)3 H2ZNNH C-OH#4 HO CH3 d yci ne
al ani ne4 anm nobut r|c cid 0O H2N- H - C---qr,-ﬁ;ZN H OHH22N -G OH H CH3f H2)5
Ho- BSardasd mecrpentay ReAdiand TBR i BesaUE 19UD0d6 HISSREAY 79 Mass sReRLPBIFREi ne 111

H2 Ng etFﬁ%SI vere o "@!\hﬂé’a %r‘t%‘h?\@sﬂ telatiCatid2hc e dhie j"%hargc% of the

pt anol e acl
ohgonucleotlde dTg that could be achieved with a peak resolution greater than 5000. An Ar-

pumped standing wave dye laser (Coherent), which was tuned to 350 nm, was directed at the
5  gap between the spray tip and the nozzle of the mass spectrometer, such that the sample spray
would be fully exposed to the laser light to cleave the mass tag.

The mass tag labeled sample was analyzed by'agcumulating 30 scans of 3
seconds duration. The chemical noise in the mass spectrum was deconvolved using the
algorithms of the current invention, leaving the mass defect label peaks (Figure 11A).

10 ' These deconvolved peaks were further qualified by the relative abundances of
their isotope pairs using the algorithm:

(Counts

[1‘!8 ]

+ C_ounts[..m) . |-C°““t'5["nq - CountS[.,B,]l

B= . _
2 ' (Count;w sq T Counts., B,]) -

The relative .abundan-cc of the lower mass peak was replaced with the f-factor

15 from this calculation. The resulting deconvolved and peak-qualified mass spectra of the mass
tag region are shown in Figure 11B. Finally, the isotope series in the fi- Factor Spcctrum v

(F igure.11C) was further dcconvolved to asingle monoisotopic peak using algorithms -
generally known in the art as rmplemented in the BioSpec Data Explorer software-(version
4.0, Applied Biosystems, Framingham, M"'.A.).

20 '

Example 7

This example illustrates -'thé:'édrijugatioﬁ of a mass-defect lzrbcl the N-
25 hydroxysuocrmmlde (NHS) ester of $-bromonicotinic acrd to horse apomyoglobm (Myo)
| " Myo (scquencmg grade) (Cat #A8673), -bromomcotmrc acid (S—BrNA) (Cat
# 228435), sodium dodecyl sulfate (SDS) (Cat # L6026) and urea (Cat # U063 ) were
purchased from Slgma-Aldnch and used as supphed Anhydrous dlmcthylsulfomde (DMSO) o
B (Cat # 20864), l-etbyl 3—(3 drmethylammopropyl)—carbodllmlde hydrochlondc (EDC) (Cat #
30 22980) ), and NHS (Cat # 24500) were purchased from Plerce and uscd as supplled
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NH2. d ut am nePhenyl aI anine 0~O H2N-H OH H2N-TH. - C - OHH2NgCprit &bbs- (

H2) 7H-CH3 JH T CH C "~'3 3CH3 2- Anmi nodecanoi ¢ aci dVal i ne2- Am nopel ar goni c
acid .5 Exanple 6 This exanple illustrates the use of a photocl eavabl e nass
def ect | abel ~generated in.Exanple 5, above, in sequence determ nation of
brad M2E652In this exanpl e the 3-bronobenzoic aci d HidU'4AMe conj ugate
mass tag, label s attached to the N-term nus of the peptide bradykinin

usi ng net hods mwalekaérbemnhz\eshprbgmdmuarby dlsIbandgmmﬂfgsmept ide is
diluted to about gper mcroliter into.a ' vol une
angd;

acetBrNA, r5|2|7emﬂ/ﬁ{}é$ léﬂﬂwa%nﬁﬁﬂt%ﬁ)wrﬁe%ﬁemp atdsietlyj ect ed at
aboutnik Al &l £bith S6niPRbe tJ%LﬁéﬁlfdisEkﬂ% anthéeehasedn@my&& 38 iddbipgr ESI - TOF

mass spectroneter equi ppe Table"'5.1 Amno Acids for Use in
Pr epeveatiglarat 41C. Griosszpettralanalahs of théquhttln@ompbmentds:atadr93%5®v'ﬁes1® 71 18

ril. 20 .02/ 06 PCT 14 st.andar crospray head and run in
ﬁ\ggﬁflté‘bg&%ﬁ’e‘g %S%?'M%ﬁ@?ﬁ%ﬁé&?ﬁﬁ&‘é? settings were optinized
for the hi ghesiy dseAa@Hervaemabu]ndamg 2095 fr 30 nfihar YeorkbakRioalofsiss .
ol i gonucl eotide dT6 that_coul d be achieved with a peak resol ution greater

t harmg/otoin %h (wfv)-agnoye $Dst setiong Aflisy eoqlipg tp gwbient Fatife) Mygiash  was
tun%ﬂm&&x tg‘ElQ)?rlhE}mW@W%cﬁgn%h&ﬁﬂgte%u%ppﬁef wec%ntamﬁg gRsay tip and the

nozzl e of the nmass spectroneter, such he sanp gpray woul d be fully
ex pesadentutionseof] 146 &r/v) SH% andd. 4 Mewve Mye wméabe!@gmthNH 5-BrNA by

10 adding 0.353 mL (50 pmol) NHS-5-BrNA prepared as described above to 2 mL (2.14 mg) of
the denatured myoglobin. The sample was incubated overnight at ambient temperature in the
dark. The samplc was then extensively dialyzed with 50% (v/v) aqueous acétié acidto.
remove urea and SDS, which has a deleterious effect on electrospray mass spectral analysis.
Loss of protein was evident during the extensive dialysis but was not quantified. After the

15 final dialysis, the sample was dried to completion in a speed vac (Sayant).

| Example 8

20 - This example 'illusiratés the generation of secjuenéitig' masé spectralfragment
. ion spec:es from 5-BrNA labeled myoglobin (prepared as described in Exam;;le 7) by IMLS
' that are shifted from the periodic chemical noise. _
A sample was prepared for mass spectrometry by dlssolvmg the dr-ted S-BrNA
labeled: myoglobm (Examplc 7)in 0.1 mL of 2 50% aqueous acctomtnle solutlon contammg :
25 1% by volume acetic acid. The labeled protein was subjected to in-source fragmcntatlon n |
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 settmgs
were optlmlzed and the instrument was callbrated immediately prior to mjectmg the sample
. according to the manufacturer’s instructions. The sample was infused continuously viaa 50:
30 pm LD. capillary ifito thé eléctrosp'rzi_y _soﬁrcé at arate of 1 pL/min. The ppzzle potential was
set at 300°V to induce in-source fragmeritation. Spectra were adcumuiatgd and summed for

345 s in the range of 50-2000 mass-to-charge units.
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The mass tag | abel ed sanpl e was anal yzed by accunul ati ng 18Amit20ss5 of 3
seconds duration. The chem cal noise in the nmass spectrum was deconvol ved
using the algorithnms of the current invention, |eaving the mass defect

| abelwp@ak&oFi gure 1 | A). 10 These deconvol ved peak®CRaise1/#wst her
qualified by the relative abundances of their isotope pairs -using the

al gorithm (Counts,, ,. +Count s r.l Br]+ 2 |
(COUf I t s(7986, era‘ﬁiﬂ'ﬂll?’koathﬁlaf [l‘ﬁ%“rpgfmll F\!}%%gg&%anglee‘gli%%g% ower mass peak
Vas sin@B} EgidW-tlyBc fone fOhe 13641 el f frhofdiaoibinsase 883 odahatds shifeé ~0dSul ti ng

deconvol ved and peak-qualified nmass spectra of. the mass ta n are
showmu; ta t l@@PéankB‘haFFfﬁM)Q “lcl‘ll?"ioglﬁt‘:gﬁ'@“ lel’?‘é‘éa'i"?li’af‘llé"{‘3%§ ‘?8? spect rum

(Fi ayr eé ﬁgueéﬁl% Urﬁ@e@nﬂgmwgbyﬁds ESrébothied by thdspearafied &4 C peak
usi ng al nerally known In the art as inplenented in the Bi oSpec

pat aedbnplpeale(rl 85.0f) thatrle ~2 \aemsqp@tnearmobtheﬂpameeb vAigh garespgndstedhs ngham  Ma) .

7 This exa Ie|II ) a ss- def ect
I ab?" Eelr%llgagﬂl‘cﬁls'owlgartb@ (r:%tla’sn l{lﬁgﬁ%‘g? é;l;l"g@hgﬂ% wémgnl@gt inic acid, to
hor $8la@is MMMSIEEDEE these Myo peaks Nb’@ne(aﬁl?@,'qmlvﬁlleng refgircadg)he(—ﬂal n#as6 73) ,

5-brononicotinic acid (5-BrNA) (Cat # 228435), sodi um dodecyl sulfate
( SDSpugdaace of LreIE)isotpd urea (Cat # U0631). were purchased from

Si gma- Al drich YsHePdgediifi e Rhpvbsubdoxi de ( DVBO)
(Cat # 20864) ﬁ%‘lllﬁ?ﬁ@es@ﬁe élm?l)?rgttqw{/l arQn noprgffoyll - céa\?‘bodl i m de

10y d rioahpaniicgemisEoefec( @anex#s 0. 2rogije) that sar bareso(ved from cheggea! npdsee
hased fronP d 02/ 066952
P sRp e SO i RR AP o R R R ELks ek abBof Obitis 800t HELOZI 00092

20. Qjef@ts?-dmﬁi{é%{[L§2 7 mg NHS, and 154.1 ngy EDC in 0.657 nL DMSO. The sanple
was bri

sonicated in a bath. sogjcat r to %Iffﬁ}%lb’ | ve, al | the
sol i ds. The mi Bhe gpectighdats werssapmined JORsh ed‘l‘l[:o RS ﬁi“@é’éﬁ‘ﬁm anal ysi s
of t %%,%ﬁé eh 13 K@ AAMAE S TR singBfcHabgedan BSrNA i nto the
NHS tggtcrgﬁ% IglrllldisHgfr Mﬁlglogt gmcfggo addition. Mo \?\ag%cengl@uréd by heating

1at Qﬁﬂbfeo(gljaﬁhemsnamreat %drlé@ﬁltanéﬂlbﬂfi ¥z egBigurg A 2B). | Frurhesrpogeyvd . aqueous SDS
20! B o1 i b SRSl RO ety o by 0 3. 07
Conmﬁﬂﬁﬂz@h&ppireﬂl%de\lﬂlgore $2S). a’ﬁhhs6seﬂ|u&ﬂwm@ams mm@tddaﬂéleed with
NHS- g5ent§£all\l|¢lobvy abundance of sequencing ton peaks observed with thls label is a result of the ...
' _high intensity of the ion generated of the label itself whlch 1s hlghly stabilized by conjugation
20 _of the label carbonyl with the pydndyl ring (see Flgure 12A) Generatlon of this hlghly
conjugated species wnll lead to preferentlal cleavage of the label am1de lmkage over the )
© protein amide backbone leading to a loss of srgmﬁcant sequencing ions. Asa result it
would be preferable to separate the label carbonyl from the aromatlc rmg by one or more

methylene groups to make the label amlde linkage of sxmllar bond energy to that of the

25 protein amide backbone. .

Example9 N

'-.30 | | . This example lllustrates the conjugatlon of a mass-defect label the N— -
_hydroxysuccmlmlde (NHS) ester of 5- bromo-3—pyndylacet1c acld (5-Br-3-PAA) to horse
apomyoglobin (Myo).
5-Br-3-PAA (Cat # 13579) was purchased from Lancaster Synthesrs and used
as.supplied. Myo (sequencing grade) (Cat #A8673), sodium dodecyl sulfate (SDS) (Cat #
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10 adding 0.353 nL (50 nmol) NHS-5-BrNA prepared as descrifgeshfibpys to 2 niL
(2.14 nmg) of the denatured nyogl obin. The sanple was i ncubated overni ght
at anbient tenperature in the dark. The sanple was then extensively

di al yz\gg0 "}(h 50% (v/v) aqueous acetic acid to. renove urea and SDS, which
has a ‘del'&l%fius effect on el ectrospray mass spectral PERAISYEF®RSI | oss of
protein was evident during the extensive dialysis but was not quantified.

Af t e L6029, 2B uFéa(@lat # VALY B)i weere phechasediioan BagnalAldrithtaadaREPhehipphed.n @ Speed

t | [ | ustrat th t f
Y oo BV et § Rl de Ol Tere P IR by b U -Hnstby rnporramdy o0
my 0gkaBbdiintidé Bp@bafoase @ERD[Chesl 22980F% &R e Chvy iMo'é) Waad plﬁ%@gﬁé" fted

from the periodic chemcal noise. A sanple was prepared for
specfiopnkiercs and used asipplied) t he dried 5 BrNA | abel ed; nyogl obi n (Exanpl e 7)

i 0.1 nmL of ,5&'%1 Lp t | 41 cont ai.ni 25 1% by vol une
aget I ¢ acid. ‘?E g;&lléggugsr oﬁ‘?g nRvAvas su JS%)IJC%J Ac‘ktr} qufrg%ﬂﬁ?‘gg' ‘I"f‘zi’drrent ation
in dissalVieg12.33mg 2P PRAD7 # niig NEIS!, mxzswabmmms raMaiser. Tile PE

Bi osyst.ens, lLnc ed by Schnei.der et WD 00/ 63683, Oct. 26,
20003“ ‘ﬁ‘ﬁé“'%‘é%'bé‘ﬁ‘gi‘%'rﬂﬁb‘ﬁél“ £ mpgEature ja the %’;S'E Masespestal amalysiseft r unent
was mlm&nrm@eﬂixtmﬂioatealsy%wm@ersm JftheSBrigp ARG SAMRIaRd 28fiGG]. A1 N9 tO the
rramr:%acturer s instructions. The sanple was infuséd continuously via a 50.

{RCConVELSIaN vas\of HEas ”‘P‘Hé’egp’éc%m6@B?W§dﬁ{2@g)aftﬂdeg[ﬂ€lt(é50ﬁg)lwﬁtI .Jmin.
Ihe Rffedbfd ReheRLd Bf arY@ﬁcr%qth %a.éggec% rall ngi?g%ﬁhe r(is Pr{Iggxrelg(];r gg gentation:

Spectra were accunul ated and sunme o- 2000
nassﬂlla)seecndrlg@hamtt periodldndiBatghP3% c00F Dol MelskatiRbmatiEhl. USO 1/ 4995 t

Exam nati on of, the r S dat a showed cl ear evi dence of the
si ngl y- char ged"%° tﬂﬁge'}aolﬁe‘g? B'f“f’g'"ﬁ bgtaglmgt'%gr})f1 "(‘ﬂér{bﬁ“g& 6‘!H°8“~‘f’r§'§§ 183. 94)
t hat solstigatut 5 %€for 00 mid. A&Btcdofing BeathBileht @inpRalss, lti?ﬂnLa&@M% iftfaot he

noi se pearing on a period of -1 amu (see F| gure 12A).

peri T%S@c chenj cal aﬁ
The Fdym pResphae BufieraRH| 70, s pddst tart %IS%WPl? tféﬂﬁp"’pgerﬂd?r%é ®R4al5 second
P ak (AR Bl cbiiRherkiom Q@ MRS WA Aled B IBER! TREKmpREN, coresponds

to the labeled fragnment ion that Incorporat mass i sot ope of
br oningebatedpRenight hteambledltacmmauum orthé darks ThE redetion nux\nurmakq)nar e nearly

ot il SLAPERL . b vl AR O RSB B Rl 55
i nc oNHtSFF&B r-&g’ﬂmhs&cﬁtef lspbrodhﬁﬁtemus fifl .rétentalty (QOIGNAL) é&lﬂinnﬁ'@"th@ﬁbél@& ol ved :
fr Omm():rggei(r)’%ﬁ %vlas s&)]ected toa chloroform extraction procedure to remove bound SDS .- -
20  (Puchades et al. (1999), Rap. Comm. 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"tﬁixed by .
" inverting the tube once. The sample.was centrifuged (3743g, 20 min, axﬁbient'tenipéramre)
to aid in phase. separatlon and most of the top layer-was discarded. Mcthanol (1.8 mL) was-
added to the remammg lower phase and the protein that had- prec1pitatcd at.the interface. The .
25 tube wasvortexed:- vigorously and the precipitated protein -was-.pellcted by centrifugation - - .
" (3743g, 40 min, ambient temperature).. The supernatant was decanted aod di'scardéd' and the
residual protein pellet was dried with a stream of nitrogen gas. The dried labeled Myo was
rcsuspendcd in 0.4 mL 10% (viv) aqueous acetic acid solution. The protcm concentratlon

(2.6 mg/mL) was measured by BCA . assay usmg BSA as a standard.
30 -
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generated from proteins (which are conposed of el enments tfzaf dg,p0t exhibit
strong mass defects) during | M.S. The spectral data were exanined for

evi dence of mass defect-shifted peaks that correspond to fragnent ions of
t he mwoghabisnz N-term nus. The singly-charged al ion JcwWesiledsi(gl yci ne)
is apparent at 212.97 and 214.96 mz (see Figure 1213). Furthernore, a

doubl et corresponding to the cziécul gi qﬂ masses of the d2 ion

(gl yci ne-1 eucine) (284.05 and z) is apparent (see Figure 120).
Thus, sequencing ions are generated:. The generally |ow abundance of
sequenci ng i on_ peaks observed with this label is a result of the high
intensity of thHE $xgmpleiustEtecthe Benerationefsequangiap magp defect speetiadn| y

st alpi, ' [P TR . | W videi dyl ring
[ sotepreitioRinggid (iRt 10 BA/ClaoL{A oh M AR n Mealtolel (RAIESY) |00
p0 phatheersbifted froro itheopeaipdicothetheal natsel ani de | i nkage over the protein anide

backbone, |eading to a loss qf. significant sequencing ions, aresult, ‘it
woul d be pref %ﬁ‘%rpéef”as greeﬁﬁrregtf%r ‘Pﬁi‘s ﬁpﬁ%&"‘e&%{f‘@o‘ﬁwi“r"?%%wﬁép ‘gé‘o_mati c ring.
by ebeledmyiplcdin (EI0NNE)§R6.530DWES 509 iRleBud £18tdnARR! sofitiodRohlalii@ge of sinilar
bond ener g{/@to that of-the 25 prot eiﬁq%&am de backbsgn'e.o'Egam ple:9. 30 This

exafpeby vplysierageds agithe Tho Habelgd Prefainorassubigeted teinsourdedingimentatine i _

hyd UCC N de o ) - Tid- i dyl.acetic, acid

(5 oS BRI £ Lo B cher BRRIE S PBIERERE W & 13570) va
1pur deszsibed by Schrieidet a6le(W Oyl 634835 Oan d6,2000). Bitge riakss ggm&md&ae&ﬁgg uenci ng
grade) (Cat. #A8673) . sodi um dod | sulfate (SDS) (Cat .# 74 18 April 2005 Y
VO U'f} %Eccé@ﬁ/ %SCS'SW'H@Q‘SY“{%%%%‘)‘?‘? HWB“%J?‘@!(;Y Rres o wuegtiag the ARl pur chased

f I 0GRSk AR tothd il FRAReS Rdotn ch s € Fhe sANY Wal tiFusbd B hinylonsh fxi de

(DMBO) (Cat # 20864), 1-ethyl-3-(3-dinethylan nopropyl)- carbodiin de :

hy d 8 38 e - D eapi kg )into tiag elgetappay)soprceana ra@st (. Tal/mn24Be0pzzier e pur chased

- fro | £ d s supplied. The NHS-ester of 5-Br-3-
(e B $6s30C U55 Bon By Sives TrokMep/ilicy. cSis? Rreascwmiiod 8. 3. paa
13. 4surgmbltifor 180G ih Zhbrange &HXD-2000matHorvhaiiaRlits. The  mi xture was i ncubat ed
for 24 h at aggi ent tenperature in the dark. Mass spectral analysis of the
resul ting m xESABINaHAR ehthedas s9ase sherdiakdaisishowsiclrar gvidencs of g sigelt andard -
addickdr& b5 iBFEIGRRY Fonh (12 NS mls ITRRY 1a6QEPhGh 100N, (BRI 18R2R, NHS (7.2
mg) and EDC (7.5 "3% om0 NRGrils IR Ll g ?%‘F‘(g%gt‘%e?‘ 54° h. Mass
. spekiguggs yiianddtigurpel ¥ Ag%B)i Rgublet@eakethafcomespond to b ions w e
. incorporating either ’Br or 8"Br_-at0ms: (reflecting the ~50:50 natural abundance of’bromine)
20  are shifted by their mass defect (~0.15) to the left of the chemical noise that is appérént=oﬁ--a '
) Lo _ o :
periodic frequency of ~1 amu. - Thus, unlike the limited sequericing ions that were produced
by the 5-BrNA labeled myoglobin (discussed in Examples 1.and:2), this. labeled:myoglobin,
with an intervening methylene unit between the label catbonyl and the pyridine ring, *
produces a complete mass ladder of b ions through the first six N-terminal residues.- 'I?hlsxs :
25  most likely asresult 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 5-BrNA, which i;appears '

to be nore susceptible to cleavage.

Example 11
30 o
' | This example describes one method ffdr the IMLS of apomyoglobin labeled
- with 4-bromobenzaldehyde. | '
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this -second incubation period indicated 93% conversi on ofg At 28b&rti ng
material. Myo was denatured by heating 1.89 ng in 0.54 nmL 5% (w v) agueous
SDS. solution at 95C for 20 min. After cooling to anbient tenperature,
1.89 nL of 9Mureain 20 mM sodi um phosphate buffer, pH 7.0, was added to
the saBOYYRES 5 Br-3-PAA (0.24 ni, 15 -19 nMfinal BEREBAL4MET on) was
added to the denatured nyogl obin. The sanpl e was i ncubated overni ght at

anbi ent tenper alyzed
agai nst 25 nmM E}Iﬁt}!érﬁ:daﬂlab&%g&ﬁ"ﬁ e?mgg’ﬁ‘?g‘?‘ﬁ‘kg&oﬂ{%%ﬁw%%@‘f &férmveur ea
and rdﬂH@nEchntSBFemﬂm lmdalnﬁtls with bgcopdag aoire: attBhleméntn aThis attadtinadng ls(m&e6 m.)
contalnl he Ia - ogl.obi n ected t; chIo

ext r &a¢ etrge% @%‘8‘%‘8 C?'é%v'g&'%ﬁ'ﬁﬁwa ?gg rffi?&ﬂﬁé&@ dhel el 58‘1‘999) . Rap.
@mhd\hﬁﬁnlnﬁpﬁﬁgm&ﬁatlﬁﬁ&lﬁﬁ%d ta tRe pdpEdé amiflethonds gnd thlss shou'i@ﬁtlaaﬁ@ 0.6 mL
chl-oroform and. 1.8 nL waier were added. The sanple was m xed

|§1veF‘PF‘?1ﬂ"’t“ﬂ%“ttfii‘Sg‘°8hk9§5 ofrinteresinfn addifios, %rﬁeﬁ?fﬁﬁj\a‘ﬁ q bymsipayite dmctrlni n, ambi ent
t eNPRHALHE eaem.my ﬁlanéﬂég ap@@@ecrﬁ%auyqnat B WE indd Epafrm‘o&&pa | ayer -

wasdi scar ded ). was added.to the rermaining | ower phase and
t he ghasgas mOIpWan thmubplrl@&rpatt@qlwnt winecdseary nt erface . The 25 tube

wasvot t exedvi g ree r

was. pel | et edbya)(]:%%[% "azgglltl o‘% 'Pa‘(aéf?ﬁ%éﬁ ggﬁg AE{&%I ahe a’tdém%"rcﬁ‘f‘ﬁ’?e) . The

supeaddctiatmhn modebwﬂﬁérediscﬂﬂ@b:dm&maﬁtded myugldtiein 4 Rahsbd 8lmildrab gien pel | et was
i i n gas. The dried | abeled Myo was.

: d w. f t
ﬂ{elsﬁ% 6‘?21‘ ‘%{a"inllﬂg/glgg?r\})‘beé'&&@fiﬁ’é'oéléét"i watly e N3 estes of5- The prot ein

COT‘C&BHoﬁ'idoﬂﬂx G?d QB (EhotioWRImipRADH, tRE 148 as a
standard. 30 $5a 18 Alg?{I 2“805 VO Og/tEGGQé%E%?%%alﬁgjgg%egxﬁgnpl e 10 This

exanfsiuctiqn afhe ganesatedhinigeswitiasddasm Gfa!@éqwémdﬂdﬁg Thaseddehgegepect r al
frag fia P eIe g, epared in Exanple
9) b{/@%k}l‘_/ggg (ﬁﬁgsﬁngﬁg hkﬁ%‘?o @B?rg’%ﬁ ﬁe &Y f%d e %ﬁr El"ﬁtéétp °§'8 A sanpl e
vas @repanlgdodrarinpepsdapad praens. r Thdygsultisg bblidhgmaBlinidgPAdfa | abel ed

ogl abi 150 g of a 50%.aquequs acetonifrile solution
@/)ntsé’cﬂ? amqt “ﬁ%)rﬁ\? l‘%}ﬁ’?‘?ﬁlﬁﬁ(’tﬁﬁ‘e‘?i‘l}?“é’ffp ‘9#%8 "?Yélféﬁr@& pltatignn Thas subj ected
t 0 i Bbeled phkeih IsAfIRMeAlih @ MS EdpABlcu@et EA8RE axd IN(E lsolieri’drhﬂm
spectroneter. (MarinerTM PE. Bi osystems,, I'nc.) as 10 descri bed by Schnel der.

et afannepss descabebin Example b5, 2000). The mass spectrometer settings were
optim zed:: and the-~instrunent was calibrated i nmediately prior-te-njecting
the sanple according to the manufacturer's recomendations.. The sanpl e was
- infused continuously via a 50 ml.D. capill ary into the el ectrospray .sour-ce
at a rate of 1.2.L/mn. The nozEkamplel2

o This example |llustrates (he IMLS of ubxquitin labeled with 5-bromonicotinic

. Ubiquitifis'labeled with S-bromenicotinic acid according to the procedure
outlined in Exainple-7 for apomyoglobiiti. ‘Labeled ubigiitir is'subjected to in-source
25  fragmentation in the mass spectrometer as described in Example 8, and the spectra are -

anilyzed for the presence of N-:tenininal fragment ions containing the label.
; 'E;c;.mp le13

30 " This cxample 1llustrates the IMLS of Apomyoglobm labeled with 6-Bromo 2-
o -hydey-qulnolme—4—carboxyhc acid (BHQC) '

Examplc 7 for preparmg the NHS ester of S-bromomcotlmc ac:d Apomyoglobm is labeled

7



potential was set at 225 V to induce in-source fragnent at1lgoa(br,|§@@5:tra wer e
accunul ated and 15 summed for 180 s in the range of 50-2000 mass-to-charge
~units. Exami nation of the raw nass spectral data shows clear evidence of
‘the singly- charged b,-b6 ions derived.. fromthe N-term nus of the |abeled.
myogl obin. (Figures !.3.A-B; Figures 14A & B, and Figures 15 A & B).

Doubl et peaks that correspond 0 bi onsi Ncof- poratrng--’er'trher_ 79Br or 81Br
atons (reflecting- the -'50:50 natural - Wd\pf brom ne) 20 are shifted
mWBHQ@hfsmEB%ﬁocdﬁireeihuVarﬁ thdt)described hﬁiﬂaﬁfpﬂe TfLdbbled eﬂmmy&hibmmr se that is

a parent oil peri.odj c frequency of -1 anu._ Thus, aﬂ{ée_rrg
epted dB-Sol “P&ﬂ%“‘tt he mass SpPeroRRste @s descpledip Exam SBASd. myogl obi n
spg&hf Mﬁmﬁmrrmefeaﬂ-temm%agnsémmlabel ed myogl obin,” with an
. |nterven|ng met hyl ene . unit between the |abel carbonyl and. t he pyridi ne
ring, produces a conpl ete nmass Iadder of. b ions through the.f rest six
N-term nal .residues. This- am 1614 0St likely a restrlt'of the
am de. Ilnkage of 5-Br-.3=PA- g. nore simlar to-the protein
‘backbone. am de |inkages in terms of cleavability caonpared to that -of
5-Br NA, " whi ch pear. 0 re sus |b| to cl e. . ., Exanple.ll
30 This &&rfﬁ?‘@algélg’é Bseti‘ i qﬁ&“ﬂﬂ'ﬂ“’“i@% @Wétﬁlwgmfﬁa'yg@[’rﬂ'ogl obi n | abel ed
g qﬂm‘gﬁ},m Higiyde. 76 18 April 2005 WO 02/066952 PCT/ USO /49951
N-term nal abel I ng of proteins with al dehydes fol |l owed by stabilization

Upiquitin caw bielebeler wite RHOG aceonding 19 theprassfure gudinedsia Examale)l 34ef ne attachnent s.
%ﬁé bin2§ 12 wuﬂlﬁnmgﬁxen%ﬂﬁ.&&ffo%#ﬂfféﬁ'@ﬁh tabgﬁﬂ]ﬁxp 2G0T r espondi ng-ani de.

ore ur|n I MLS abel owmnlrra fragnentati on
spmnmetexohstiescuh@i mé{aample laniThempssispectrahdata brg substqnehidly gnabaedtor nore abundant

. |nterest I'naddi tion, the generatlon of a basic site
I@Flsggﬁzgnmﬁ&gﬁgnﬁ{éo chem stry provides a "soft" charge noiety that renders
t he |ncorporat|on of a-char geampleil6ty in.the |abel before attachment .

unnecessar benzal deh avajl.abl e, from ma- Al dri ch. . The
al dehyde é fraics e 45e %ﬁ%mﬂﬁ‘#fh’é’?'é"dﬂw&? TG Senat ured -

a%@fﬁﬂlhﬁtafﬂue ﬂve%u&iﬁfbrfﬁfd {84 Ritbraindl Sequbiie b sHBIPAAQilselddamfiobad | n Exanpl e 10
‘abel-i ng of qjobl n with the NHS ester of 5- brononicotinic acid.
fiagraentedigsoqrenin 39%51 | 35S SpastomelBraAs<essbsd IndBamples- st abi | i zed by

reducti. Onrﬁ%fraW‘&tgﬁMt%t&qlel’ﬂe AfSmitkd dhetRUinUADAYBAARAE gy dr i de. This .

reduci ng agent- selectively reduces -imne-|ike double bonds and does not
: epcp@tmdelm&@fl formatt ﬁmmahe gp@mms:tlon system. The natural period of the .

ehemleal noise is determined from this raw data using the “deconvolver” code shown in

the appendix and is determined to be 1.000575 amu. Using this natur_al period the

'spectrum is baselined (output file ‘-‘.bsl) to correct for instrument érror, whieh is always

posltwe in' MS (Figure 16).. Basehnmg means that the minimum data value in each . N
L 000575 amu block of data is adjusted to zero by subtracting through every data pomt in - '
"the block of data. The baselmed data file is subsequently processed with the “betafactor”

as a way to qualify mass defect (Br-contammg) peaks, which should always have a

matchlng (81Br] peak 1.997954 amu upstream from the [79Br] peak (Flgure 16). The
resulting *.bfc file is ‘then proeessed through the “sequencer” code (see, co-pendmg
apphcatlon filed October 19, 2001; entitled “Methods for Determmmg Protein and
_ Pept:de Terminal Sequences” Atty Dacket No. 05265.P001, the disclosure of which is
.-mcorporated herem by referénce), wnth the frue N- termmal myoglobm sequence (S-Br-3-
-PAA-GLSDGE; SEQ ID NO:1) being the top ranked solution through the first four
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comonly found in peptides and proteins. The resulting | afgedpriteos cal
linkage is a 15 secondary am ne. The |abeled protein is then purified by
dialysis or gel filtration. The |abeled protein is dissolved in an M
conpati ble buffer systemand IM.S is perforned in the manner as descri bed
i n Exanpl e 10. Exanple! 12 20 acid. This exanple illustrates the I M.Sjof
ubiquitin [ abeled with 5-bronmonicotinic Ubiquitin is |abeled Wth
5- brononi cotinic acid according to the procedur e’ out ¥ ned*in' Exanpl e'|7
f or aponi yogl obi n. -Label ed ubiquitin iss )3,d\gt 0 in-source 25
tsidigsreinthis examplerthe frequraess” ende wes-bimtiedseargls for 8w dwrst bleatze smt@féwpme 8, and|the
spectra are analyzed for the. presence df N~=terminal  fr'agnent ions
containing the {abel. Exanple 13 30 This exanple illustrates the | M.S|of
Apornyogl owhen thabehedicad tdleGs Bn cndet@mireyitr soquepecqfithedinst five dsidaeshoxy| i ¢

C'g%wf e Lo SEQRGH) b bR RO AR B P i o ot ?ﬁaie

peARFPOhdIRg B thesmbsa defea osiionldT tiith reSidGbof thd tive sBfdeliceusi ng a progedure

ar tﬁcré% Sphast sebr b LSS B BB e boa i n Ejarl e
lJaned ﬁeé%ﬁﬁvescaﬁdueg aoWeller whef“sRithyerld rifirob: ReididstiRitaienal  fragmgnt
i ons. ]ggee 14 This exanple illustrates the TM.S of ubi qU|t|n | abel ¢d

SopemceGHERFE (SEQ IR NGIE) beepurios i ipked agait brsasse SESRWM GEQBRAYS) Ubi qui tinfcan

in Exanple 13 for
B I Tnagfl Lbdnpbe bRk theiah %gh?ﬁeﬁﬁﬁﬁﬁfﬂﬁl?z%%é{*ﬁ%w ce I
&nmgatiynpmbahﬂutylalzomthm mass spectroneter as described in Exanpl e.40. The
mass spectral data are subsequently analyzed for |abeled N-term nal
fragment ions. Exanple 15 This exanple illustrates the use of the autgnmated
deconvol uti on and sequenci nExamglerliet hns of this invention. to find thg
N-term nal sequence of 5-Br-3-PAA-1abel ed nyoglobin fragnented in-sofirce
in an ESI-TOF mass spectroneter as described in Exanple 5. The raw. djta
used to gFhRkeRdnpld MNAstARS thesPatiidsisloma ghiepitiaysadefdcelatel that incorporates

a mass-defect element of this invention (i.e., br_omine), an ionizabl_e group (i.e., pyridyl) and a

succinic anhydride linking moiety for attachment to the N-terminus or other desired primary or
secondary amino group of a polypeptide or other species. It has been demonstrated that succinic
anhydride, and ostensibly its den'vatives, react with nearly quantitative efficiency towafds
polypeptide amino groups (see, Munchbach et al., Anal. Chem. 72: 4047-4057 (2000)). Other
comparable aliphatic/aromatic species can be readily synthesized that contain any combination of
ionizable groups (A;....A,), mass defect elements (B, ....By), 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....A0)-(Bi....B,)-SA} 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 catélyst with remm'ra,l 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 tetrahydrofuran 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(II)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
79
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exported in ASCII format fromthe data acquisition systemgadieoost ural
perlod of the chem cal noise is determ ned fromthls raw data using the
"deconvol ver". code shown'in 'the appendix and 'is detérmned to be '

- 1: 000575 anmu. Using this natural period the spectrumis baselined (output
file *.bsl) to correct for instrunent error, which is always positive in
"M5 (Figure 16).. Baselining neans that the-m ni munm.data=vakue in each

1. 000575 anu bl ock of data is adj usted-to zerg- aéF ractl ng through

gg&ﬁl f I e’'is

gdgﬂ equent .@E?@gg%%g@ﬁ%g?%@%ﬁyl&ab g(':‘ta-%rﬁ&ﬁ aqsfpéqua ify mass

dad &ckyxﬂlﬁssmmlatnddig()cypieakm and/rdah,}hira;ihomf the avapgrerakea\carbaxylivatcidhi ng [ 8 113r]

peak 5 ipst L ea th 79Br] peak (Fi gure 16). The resulting
%&)f R‘F’é"wﬁ% rmé%"é'?g‘gﬁpryﬁ oagig‘:]' the "sequencer” code (see, co-pending

appl I cation filed Oct ober 19, 2001; entitled "Methods for Determ ning

Protein and Peptide Term nal, Sequences" Atty Docket No. 05265. P001, t he

di scl osure of which is incohé#ﬂ&ﬁé@ herein by reference), with the true

N-term nal myogl obin sequence (5-Br-3- PAA-.G.SDGE; SEQ ID NO 1) being the

top ranked solution through'the first four 78 AMENDED SHEET . 18 April 2005

resi dues. Ttns?Wleéﬂ%%qﬁﬁéﬂGf%ﬁM%#abeEw@NMqWP?ﬁ‘ged search Ti our

:J&g.éaﬁ&a{ G Sha §R1%§cfn'fbdl(ﬁ@§m 19¥42hrele %an%ﬁ&H;ﬂE}?% JuehG@tiEtebthi %n?g det er mi ne

sequence o I rst five residues, the’se uence Q I D NO 8),
vthe methyd of Sisges; Howewerptinga matisagology cﬁ%bﬂ@@ﬂe@ogmeawﬁ(ﬁq@nmg 17) the peak

correspongdi L O f ect sition o he es] due of the true
ssg‘a{‘i' %":ﬁéir}%B@f{;gwgﬁﬁdd%é’?‘“& ‘Pag“z% S KBoY b ‘ﬁ‘fn 5'%‘?'%‘}su| s‘“#n GLSDW (SEQ I D
. NO 8) bei nBriéfliear M3 plasmidedrgiag b eloaal wikndwivBNAcRjwbues(e.gjowever , when

N3] RbBaHAL TS BRIl R s irpeevsbiap MEory Mappsiona, s o

r&%@ﬂ&@@@&@&@Gﬂ@mﬁ? (BEQUDNG: urtm ik asélewﬁ thelliefid ¥RWE t he
advanta e of a cunulative probab| I|ty gorlt m_ Exanpl e 16 This exanpl e

| o Wﬁ'ﬁﬂ’é@et selectixeit deayplje by RY M?Q%B@h ComdMills, ncor por at es
%ﬂﬂéﬁ%wﬁcdhmaﬁah&'&ﬁﬁrfén%t& oftubes DI He Bfbk; pdlfindraiai Zabl e group
|.e,, pyrldy an

succl ni ¢ anhydrid i nki ng noi ety for attachnment to

@ Ryiapd myassrdefortiabel dleddATEH (392 F tmr\’yloe} andgdobRY Geg Fignie2Bb)proup of a

tdEIhs, d
. pﬁﬁ&g?ﬁﬁl QSa%"éu ?ﬂ%ﬂéﬁ.ﬁ/ %{dr%gt %@gﬁg@gjﬁ%ﬁ&%&%@ﬁquaw : 'f ative

eddG'ItPl" ¢see Figum2ddiae adiiel y’ﬁmnodiﬁedadms shioyaps Figue0 dibiechipbigharet al, Anal .
Chem 72. 40 e 0 bl e ali c/aromati c species
AR PR S MR IR TRt KriE R TP EO R ONAGIOBE 1 oni 7abl <
grmugé\tmadenﬁc Presd)NewYbeit @O2)EK el 6.5 4Rt Manak BVLNL, DNACOPIOBES) € succi ni ¢
a§| ocyktornl, N%er%?l?{d 989)) Manyiother modified ddNTPs are useful which contain purine and

pyrimidine'bases derivatized with:maéss defect.label motgtlw and separated by a large assortment of

crosslinkers with different lengthy and/or compasitions. . DNA replication and chain extension is

. initiated by incubationyat 37°C.s Mass ladders-dre produced by chain termination _With the ddNTPs.
A denaturation and cleavage stdp svith RNAise at the end of the reaction removes the chain-
termiuatéd(pmduct from the .'templaté and freésthe primer that can be select_ivelj removed by
hybridizatibn. The DIRA fragmenlsare dissblmd in a mass spectrometer-compatible buffer and

- flown in an"ESI-TOF mass spectsometer imnegativé jon mode. The pea’ks corresponding to a series
of multiply.charged ians for eathrfragment:areldeconvolved using standard :ilgoﬁthms supplied by

‘the instrument manufacturer (Applied Rigsystems) to generate spectra containing only the



noiety (SA) (see Figure 18a). As an exerrpl ary strat egy, ngmgrﬁzég@ outlines
an overal |l synthetic schene for a {(At.... A")-(Bl.. B")-SA) nmass def ect
| abel . In this scheme, 5-brono-3-pyridyl. acetic acid (Lancaster Cat
9135719) is initially converted to the ethyl ester- by reaction wi th ethanol
“in the presence of an acid catalyst with renoval of water. The resul i ng
ester is then - bromnated by reaction wth elenental bromine inh a. basic
sol ution of sodi um ethoxide in -ethanof " Tfe- brom*naf—‘e%l ~=¢iatbon i s then
selectively reacted in an anhydrous organic ol Such as t et rahydr ¢f uran
2ard-thatge tnimsaen 'Ehezétbrcbﬂaam‘m vaeﬂ%mu@ﬂmpmswdea@@o asgbp ingremenghi ch i s
§18eli) ?ﬁd %Eeact I on of commercially-avail abl e. bronopacet al dehyde di ngt hyl
gt g{"A F'ich, Cat #242500) with [ithiumto formthe organolithiu
speci es t fihd mass spectnal dith e ahalyzed ag folowes (Fhatspechymifmacthe ddA*nianch Cu(11) 1. | The

| t t ted, W. . ' h t al I et
- soplained o ettty SE oot K 15 liRigBlet s IPRIG et 155 T for 1
ﬂﬁ@ﬁm rated bromine oKlodfneRtomb (anludehydthe ispecaiin dioretlc 4dT*- adnaldC¥+ r espondi n

%ﬁé&a@%@g I%'gﬂﬁ?g’é?"té@g E!{’l 9%1 gﬁ?ﬁﬁ ‘lﬁg?t Eg‘g r&tﬂéﬁﬁ?’&‘?’fﬁ‘ﬁo‘# ]Pﬁgn dwf) hge nef at ed

RASSOREhkAGs ﬁGﬁ(ﬂtﬂ 19478908 teQidAS/AT Qﬁctﬂ% (Figfe 21). This fragment can also
succi ni ni ci anhyd. ri de-derivative. anple 17 I S This exanple illust rht es
bpidentified o thefragmentthat cpntpinga 'lef‘%mmﬁg'é%mm ¥PIOPP @Y ons. The schene

R olad %ﬁa&ﬁlheﬂﬁm&ﬁw&au&‘& AT Aals SHMERNFAINEe h&EhNi que usi g

nger, however,isimlar methodol ogy could be applied tojother
IDNMmuemdbuhtg,taté@%&&légnda@%éﬁfhwblsh ivisundigihe T /dC roRR@n ot her strat pgi es

h J d carrying a

B TR eSS pekEn B ool Bl o el M ARE ) DN 10y
inBiclédtide ini thd deyuehaelis Td'l[‘hie grovgst Is rmatmmhhrb thegasnpeak iy foyid, wathis case, apr i mer

3 d( A : a2 (SEQ | D NQ. I I t the 5
el ek s 3 e PR AT oo oot ot Wi Ry 15, BB Bl (T eg
ﬁWHIQ‘CQQGﬂ!AACI(SEQD&!D bll) ¥ deteemined, aidivhenTihvetted meiam avoleolidd une i s
divided in h |1fla transferred to . t ube  .pol ynerase,
S e LT R T O S R
(@@&“Eédgure 20b) are added: |'dlthe other tube pol ynt eese, dNTPs, -

mass- def ect - | abel ed ddTTP* (see Fi qure 20c ddCT 2E%e Fi gure
“are adki ednﬂqafémmialatl?%aesamﬁﬁ AW i5 3e4 Y—‘! higlts Xyithi mpl ary an

Dﬁﬂﬁﬁ@nﬁl £ AR RS 18 i Myt Hfsﬁﬁ@%ﬁ@ass 4688 Specikd inbdtforatlng . . NONi

one mass-defect atom degrades at masses over 5000, larger DNA segments than the example

presented here can be sequenced by either using more mass defect elements in the terminating
ddNTPs, or, alternatively, by using the method of the “rolling primer.” With the “rolling primer”
method, a shorter segment of the desired DNA to be sequenced is obtainéd using the above
pmceduré, and a new primer is made from this deduced sequence to continue sequencing along the
larger DNA strand. In the end, the shorter ﬁagments can be placed end-to-end to reveal the sequence
* of the unknown DNA. | o

Exampl_e 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 protcm labelmg step was conducted in 100%

i acetomtnle The labeled ublqultm sample was prepared and mtroduced to an BESI-TOF mass
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TEcnni Quhs, Academi ¢ Press, 4bwyork (1992); Keller, G H eWpdfoss, MM,
DNA PROBES, Stockton, New York (4989)). Manyi other nodifi ed ddNTPs are
_useful which contain purine and pyrimdino bases derivatiZed W thnhss
defeotl abel : noieti.es and separated by a | arge assortnment of crosslinke<s
with different | ength~-and/or conp6oitions. DNA replication and chain
extension is initiated by..incubati-oi kat 37 Cyx I\/hss I:addersti ee produced
by chain termnation with the ddNTPs. A denat ur : 1d cTeavage step with

Rpiatrembtei ielesibedin Ex%pfe%%'e%uft@%@é&%?&@g?sﬁ% Eolafiyehf Product from
1vely

theterrplate andfre&the primer t removed by
ISeBenced 2s.dascribed én Brample }Qagmennsaue di ssofvad in a nass

spect r onet I S n spect r omet er
hi neqat Ve A HRLANE on oo ile (OB ISRABINGTLy, ogefefors
w&)yfasmeg%sddqt@meﬁmheea@uémag mhmrte ks gtaee; @hd/@dr icéﬁuﬁlﬂ ghandard
b i nstrurre manuf act ur es!’ plied | idSystens)
a"JSHg‘réh ra eﬂglggdc w?%dc%lﬁ?ttﬁ H’(Ee%‘}ﬁ%? Wécsé?éﬂ‘féir 4“925@500[’@?‘0 char ge
rmwwwa'ﬂakomkgimhmdg(mMQ@BUSE@H)BNQHB;M@HM&S@QWroudea al so us_ng the

i nstrument, su orithms. The nmass spectral data are anal yzéd as
fol | ows. THE @ﬁ&ﬁ?ﬂ?ﬁ%‘r‘gwmpmwﬂ emhodimgatsdescsibed haieimars fopl e | s

dleinvioé pagos’bnbh&id thai vdi'wu§ hddfricatibdy Mlﬁﬂges 1?%*@*Eﬂlcp&k¥lll?%aks that have
|ncor¢§rated br%glne or iodine atons(iFlgu ectrumfromthe
digsested to pergens.skillae inithe arg andiagsi te bedn udndl\mtlluy the griticahd firgieweof22) . Looki ng
3hisla t i ss fragment is found (4114.733)
in tﬁﬁelkbggiﬁlg%%&gggct ?%h]élﬁfd cﬂaﬁ Iélg”z mgp 9P > qndpatant o pe
i apBliqatipnseitedherdin aferlmgdunmcodpatambbymfdimmmtmssit oRirBBSer Mhement as there is
(ﬁggoplc palr therefore, the last nucleotide iit the "unknown"

cr#uence is A The mass fragment with the next |ower mass is a doublet..at
3695. 611 and 3697.609 which is found in the ddT*/ddC* spectrum (Figure
22). The doubl et indicates incorporation of a brom ne atom and, therefore,
the next nucleotide in the sequence is T. This process is repeated until
‘the last peak is found, in this case, a singlet peak at 748.1850 in the
ddT*/ ddC* spectrum corre_spondi ng, therefore, to C. Thus, the sequence
~ ATTTCCTGTAAC (SEQ ID NO 11) is determ ned, and when inverted and the
nucl eoti de conplenents are substituted, the "unknown" sequence -
GITACAGGAAAT (SEQ ID NO 10) is determined. In this exanple, a DNA segnent
of -4000 MWis sequenced which is within the specifications for this '
invention:. Since the ability to distinguish mass defect species :
i ncorporating one nmass-defect atom degrades at masses over 5000, | arger
DNA segnents than the exanple presented here can be sequenced by either
usi ng nore nass defect elenments in the termnating ddNTPs, or,
alternatively, by using the nmethod of the "rolling priner." Wth the
“rolling priner" nethod, a shorter segment of the desired DNA to be
sequenced i s obtained using the above

. o



procedure, and a new priner is made fromthis deduced seqgeas 2b@scontinue
sequencing along the I|arger DNA strand. In the end, the shorter fragnents
can be placed end-to-end to reveal the sequence of the unknown DNA.
Exanple 18 In this exanple we use the mass defect |abel (5-Br-3-PAA) to
sequence bovine ubiquitin (Sigma-Aldrich). Ubi.quitin was |abeled by. the
sane procedure described in Ex&WpABM3 for nyogl obin, except that the
protein |labeling step was conducted in 100% acetonitrile. The | abel ed
-ubi qui 1i n sampkbodder serverpingia tamhinah peBvocd dntodigameESpupoOsingass 81 t fct u
S SHEET,18 ril.2005, ..spectr.aoneter cri bed .in Exanple 8. The
resul tEai%g & %ta%tggc’iaf‘%%l%ﬁgerd‘é' %W%a‘%ﬁ%‘i seél(ﬂlgétﬁ%lga' tgsc Og}élser(‘:trlbf bed in
wch EtMRss&lckébt 1a0RENg huﬁetzbd} gudrbifubitRé Bligdthersdusna a I{MREVK (SEQ I D NO 12),
obtai ned from GenBank) was correctly determ ned when "sequencer" was run
sonpes, sapbmashdefect laheling sagictycompuising afhgast ous ¢lepentduyingineateditked second out
of - 19 ting possibilities at the first residue. The correct sequence
nb?/\r/a%ojhéllzggﬁzhked second (to MJQFR, SEQ ID NO 13) at the fifth residue.. It
i S und@s)st oddgineating feid éababadl dgoared using ad ienebaic] ebanolybcohsiasi n are for
illustrative punﬁoaeé only and thgt.varégﬁs nmodi fications or changes in
cirpmghic fragmeatatiop; methpd to prodyeclabeled gligarmerfrasmelisii eg in the art and are to
be Ianéejded iQnkityiRg b Mass Bpddutunfsla BAaEpBHAIRE to 5Nl FatRRil digBldepn and scope of
t he appended clains. Al publications, patents, and patent applications

gmentspahdher ei n are hereby incorporated by reference in their entirety for all

pur poses. 4 18. il 2005 INMS 1. A nethod.for se Ci a term nal

Por {1 oot diegmiyaie s fimgs PEAL R by for i B d s TS TR e W th
gofiBS WherRAESdid bafehéd\@etomiifiton Retomapraset discritnbihtingdetvhsen thefass | abel i ng

noiety to a termnus of the oligoner and forma | abel ed ;oner, said nass

thedealfeled oligamesrifipgment erd arcentpbgled pligomer|feaggienpbased g s pudleasi ng an at onic
tdirpgbgnreré}; (S)frﬂ'lg' Znagé) ddbet L{!lpéling moiety, '

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

lysaccharide, nucleic acid, and lipid.

2. The method of claim 1, wherein said labeling moiety comprises at least

e element of atomic number 35 to 63.

3. The method of claim 2, wherein said labeling moiety comprises at least

e element of atomic number 39 to.58.

4. The methed of claim 2, wherein said labeling mpiéty comprises at least

e ¢lement 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 clement is iodine.
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fragnenting said | abel ed ol i goner using an enzymatic, chenolytic or mass
etronetric fragnentati on nethod to produce | abel ed oligoner fragnents; (c)
identifying a mass spectrum data corresponding to said | abel ed ol i goner
gnents; and (d) determ ning the sequence of at |east two term nal residues
of said | abeled goner, wherein said sequence determn nati oh8 &pep2@Snpri ses
di scrimnating between the mass the | abeled oligoner fragnment and an

unl abel ed ol i gonmer fragnent based on the nuclear iding energy of the mass
def ect | abel i fgTheoneshad of elpiar 4iwhersiniseid eleimgwisdipding sel ect ed from t he group
consisting of a protein, |ysaccharide, nucleic acid, and |lipid. 2. The
met hod of claiml1, wherein said | abeling noiety conprises at |east e

el ement of at Gnike mbade claim 1, grhergin s@d olfgpmenist hod of clai m 2, wherein said
| abel ing noiety conprises at |least e elenent of atomc nunber 39 to.58. 4.
The net hod of é'ﬁﬁn]z wherein said | abeling noiety conprises at |least e
el ement sel ect!@d H‘EFFHOFHEC'ﬂP‘o‘uBh"rfﬁiﬂéq‘%?liﬁ‘?@‘eHF PlysseAAfde. | odi ne, eur opi um and
yttrium 5. The method of claim4, wherein said elenment is europium 6.

The met hod of I eln aid element is um. 7. The nethod of
claim4, wheréi nﬁﬁé‘?eﬁi g\z\g priacreip saigyequence ig at lgﬂib&%feﬁ‘ﬂwsof claim 4,
wherein said elenent is |od|ne 83 18 Aprll 2005 8. The net hod of cIa|n14,
wherein said wherein said

ol gomer 1 s 102 Tedeuled bR perth oo SRR R B BufplEtier s

pol ysaccharide. 11. The nmethod of claim9, wherein said sequence is at

| east three residues. 12. The nethod of claim9, wherein said sequence is
at |east four residues. 83a 18 April 2005 9. The nethod of claim1l, wherein
said oligoner is a protein. 10. The nethod of claim1, wherein said
oligonmer is a polysaccharide. 11. The nethod of claim9, wherein said
sequence is at least three residues. 12. The nethod of claim9, wherein
said sequence is at |east four residues. 13. The nethod of claim1l, wherein
several oligoners, each labeled with a different nunber of mass defect

| abeling noieties are m xed prior to said fragnenting or
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anal yzing step. 14. A nethod for sequencing a portion of 1@ngH boggrer in an
oligonmer m xture, said nethod conprising: (a) contacting said oligoner

m xture with a nass defect |labeling noiety to coval ently affachthe nmass
defect |abeling noiety to a termnus of said oligomer and forma |abeled
ol i gomer m xture,_said ss defect | abeling noiety conprising at |east one
el ement  having aﬂ‘%ff‘?fh?ﬁ adﬁ‘ﬁb} wheget s3idoligomer isyrefeidar at i ng i ndi vi dual

| abel ed oligoners in said | abel ed oligomer mxture; (c) identifying a nmass

spect rum dat j. COrTIRSREA6 Bekclhith 5alitbrin dhidiofigather i@A9bRAahh@Rer ;. and (d)
anal yzing said mass spectrumdata to determne the sequence of at |east

two term nus, residues of said oligoner, wherein said analysis step '
conpri ses di Yeri niieanethed oblaied yharen said seqrenees af lepsitree tsidyerer and an
unl abel ed ol i gomer based on the nuclear binding energy of the mass defect

~ labeling moiggy, THah&hsd sadisinDd, vaIRABA skid sSfleRSd 84t Fcﬁﬁ%&rh@suﬂfe?u})
consisting of a proteln polysaccharlde nucleic acid, and. lipid.. . 15.

. A nmet hod |{}ma rdance; vvlth claim 14, wherein said eI errent has an atomc
nunber of .fr 351 edngihod qigclaim hﬁ%“ﬁWeﬁﬁébg@aﬁéé&ﬁNﬂbel@ﬂlem4 wher ei n

S adiffefInEiber RRMadd \de @l ‘i’iﬂeﬁné‘h‘lﬁ%& 2 ohikOMhect th Qalg Q'ragm r’rgﬂt gt April 2005 17.

A nethod in accordance with ¢claim 14, wherein sal I's selected
fri‘ﬂﬁﬂmﬁ%up consi sting of brom ne, iodine, europiumand yttrium 18. A
nmethod in accordance with claim 14, further conprisi ng a step prior to

step (a) of {40! 3 R BF UReRinsl HORTFESul JBMYA B LR L A

nmet hod in accordance wth erein s from
a ghidmgthed cenpasipg:sanpl e. 20. A method in accordance with claim 18, wherein

sald bi ol ogi I foma helth tlssu 21. A nethod in

accor dance v&ﬁfh cﬁ%%c []Lg4ssal% BN "%'5 ﬁrnﬁisf ﬁ‘@fs‘%g‘% EB&H\?&‘%H’ by at |east

one)vmehtlpdttzmh tiscegpidsldafegt abamm@h@rteananﬁﬁustmalumgbﬁ@r Ald BRI M xture.
ance th claim114, wherein said nass spectronetric

thod in accor,
Ph‘ﬁa&m'é%’é“%@x‘fﬁ: masgdefoct lahelipg mogaty sprppriting & legstioramlemendn anal ysi's of
anhdVingd@smizaNkiber fom 17 to 77;

(b) separating individual labeled oligomers in said labeled oligomer mixture; - - -
. (©) identifying a mass spectrum data wﬁesponding to said individual labeled
oligomer; and
(d) analyzing said mass spectrum data to determine the sequence of at least
'two terminus residues of said oligomer, wherein said analysis step comprises discriminating
betwecn thc mass of the labeled oligomer and an unlabeled oligomer based on the nuclear
bmdmg energy of the mass defect labclmg moiety, ' _
wherein said oligomer is selected from.the group cohsisting 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, wherem said element has an

'. atomic number of from 39 to 58.
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plurality of residues, said nmethod conprising: (a) contacts Agil2a08 ol i goner
with a mass defect |abeling reagent to differentially |abel exposed
resi dues and unexposed resi dues and produce a differentiallTy I"abél ed
ol i gomer conprising a mass defect | abeling noiety, wherein said mass defect
| abel i ng reagent conprises at |east one el enent having an atom c nunber of
from 17 to T17. t hatméthodinhecortihae veith flaim 14 whetes phdelement(ibyeledtedht i fyi ng a
mass spectrum dat a c%rre_sponéli ng to.said g{tf.f erentially | abeled oligorner;
amiony e sEouR| Spasispel DI RE S ode. PORE AR YW et er mi ne” sequences of sai d
ol i goner that are exposed in the three-dinensional structure and. sequences
of said ol i ggmer atiahod @Y £cordaxdeosigttclhim 14 duitir eemgiisieg s sep atiostor uct ur e,
wherein said analysis step conprises .discrimnating between the mass of
t IstepdpX dfdsadafinig groun elfsdisemer ﬁ%ﬁé’ﬂfﬂ%&aléﬁ%ﬁ} abel ed ol i goner based on the
_ nucl ear binding energy of the nass defect |abeling noiety, wherein said
ol i gonmer is gel eq{ geihbhd HAHRAaEONIh C1aMs i 8, v itgeinbaid biplegieil sample is
pol ysaccharide, nucleic acid, and lipid. 85 18 April 2005 24. A nethod in
adiown ddiscaseditistveshmpkh 23, wherein said oligoner is a protein. 25. A nethod
in accordance with claim 23, wherein said nass defect |abeling reagent
conprises atygl ea ' ORIk 1 9UpkREin 35 d bv1&Rcal Samplen@t hod i n
accordance V%Ilofh 2%[6[11?97[1&21%{ s\dvahEiﬁeHrmelflzl;lwiéilt(tli d mass def ect Iab?i ng lfleagent is
brfeorh adealtty tsauaksagiplgoner is a protein. 27. A nethod in accordance with
claim 23, wherein said nass defect |abeling reagent conprises at |east one
el enent of om ¢ k. : ; i si@nise wth claim
23, wherei naélai d%ﬁg erﬁe“h%%é’fﬁé‘?‘gb‘%??hﬁlﬁg%%%‘f“figeﬁagﬁem ed by
engondadtecb it ledseomd mtthed nitdpdbisy glectoaphorssis oé fhe(laheledaadigomenmiterg- i n _
accordance wth claim 23, wherein said oligoner is a protein, said nass
defect is brpom ne, aor...i qdj ! i } jc@ portion
of the ' tyr e s Bistisfih AEoRiles Bl R SUNGER SRS SR RRRL, T
acgethdanse BIIHTOEMS. m 23, wherein said mass spectronetric nethod uses
ESI-TOF MS. 31. A nethod in accordance wth claim29, wherein said nass
spectronetri nmet ho s ES|-T . . : cing the
t erm nal porﬁ'on ’gf“eg}?%iﬁf %}Slr?llaurr? %doﬁ{pﬁ??ogﬁ%ﬁaésg?g@%%%%ﬁ ﬂggg first sanple
of prdilidy &f feGian®B! said bthad bedptising noi ety to

' (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 seciuenccs of said
* oligomer that are exposed'in.the three—diménsional structure and.sequences of said oligomer that
are unexposed in the three-dimensional structure, wherein said analysis step comprises
discriminating bemeén the mass of the differentially labeled oligomer and an unlabeled oligomer
_ iJaSed on the nuclear binding energy of the mass defect labeling moiety, |
-wherein said oligomer is selected from the group consisting of a protein,

polysacchaﬁdé, nucleic acid, and lipid.
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covalently attach a |abel to the termnus of the ol i gomeri8#astii200sn a

| abel ed ol igoner, said |abeling noiety having one element with an atomc
number from 17 to 77;. (b) contacting a second sanple of said oligonmer with
a labeling noiety to covalently attach a label to a term nus of the
oligomer and-forma | abel ed oligoner, said |labeling noiety having two

el ements wi t24. an Aatrethied imagsbetanée with tiaim @3 Avhercipspidpbep@arisaprotei@peat i ng
step (b) fromone to three tinmes with additional sanples, wherein the

| abel'i ng noigties, h . -0 £l g , Lvealy, wth an
atom ¢ nunbez(rg' f ro‘t\m[r%}é‘%fi gp%%?t({ah?ysrﬁtgicﬁlglh?g’e‘%gglg:}g@ 0 ?ggﬁglgw rn m st eps

( akagent coigdrises )t least 8 dl@méyiroif htoBGOBurdber 3bhte 68t hod of clai m 32, wherein
each of said elenents is selected fromthe group consisting of bron ne,

i odi ne, eurqgpium and vttriumand said, ol i,gqoner is nucl.ei hd. 37. The
"method of cl®rm Sg,met d i peroglapge ‘6"?“‘55&.“8 2%1 ‘g'ﬁrreerﬁ'tnss a'i%sm"'ksjsgldgtggte%&]fl?lgmthe

Or RbEent RMbebifitniegd ofid Bligsthérds a padéine, europi um and yttrium and said ol i gorer
i s apol ysaccharide. 38. A nethod for sequencing a portion of an oligomner,

~conpri sing: ) fra t.ing aliquot f. id, oligoner usi one. or nore
specific enz{?]riati "%Frﬁ’gdﬁé%ﬁr‘iﬁf‘?%Wf‘ﬁ&&ﬁ‘@??a‘fvf‘%‘ﬁ‘“%ﬁdﬁ%? £ Qegtplfa%e U€e ol i goner
f r RAFERD ESmpALRE helelkt Bndléibhert@Tatoniit AGMBAL M tod8. met hod is applied to each a

| i quot ; (bg contacting a first aliquot of oligomer fragnents with a first

| abeling noiety to covalently attach said first | |J ng.noi.et o the
term nus of t4he ofmsHhadinprcogiaone w1 ﬁl?‘?‘anWh?rSWeﬁa@g‘ﬁgﬂFﬁeg%%rlgl?eyﬁgrrents,
Sabhohier & fraddRGkdd ) dHR{fhic SHRREMS1YHE enhdAPAbr tbistdp B atomi ¢ number  from
134-)1?%“77; -?-c opt irH(%’nal%"sl ccont acti r% t he o?ﬁer al ié(iqsu(g?s of ol i goner
fragnents with other distinct Iabeling noieties to covalently attach said

di stinct | abklhi ngAmistiodisgcqopiange "B AR 2o Whers Bid JErBIeT A Et s and

f of habed e & UrRMR or id AN RALSd SPbLdtsidiclebmbARS la'_})BﬁidﬁQJf@ﬂey_ havi ng two
ormore . el ements wth an atomc nunber from17 to 77; (d) optionally

m syironine tegidadsipgesontgn gdidpsdseined ol i gorer fragments; (e) identifying a mass
spectrumdata corresponding to said | abel ed ol i gomer fr_agrrents;' and (f)
determ ning jje Sﬁ%&ﬁn%ﬁc&&ar{cgeﬁﬁl ciaifd f3?%%ﬁ1%a§i‘m§s§!sg¢étt%ﬁﬁkr?cd ol i goner,
wherei n said sequence determning step conprises discrimnating bétween

- t hmethed 31sesf ESIHEOF M1 ed ol i goner fragnents and an unl abel ed ol i goner
fragment based on the nuclear binding energy of the mass defect | abeling

moi ety, 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 sa'mplc'of said oligomer with a labeling moiety to
: cov#lently 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 4 label to a terminus of the oiigomer and form 4 labeled di_ig’or‘ner, said labeling
~ moiety having two ele_ménts with an atomic number ﬁ'Otil. 17 to 77;
{c) optionally, rcpeéting step (b) from one to three times with additional
- samples, wherein the labeling moieties have three, four or five elements, respectively, withan
.atomic number fr_o'm 17 to 77; . -

(d)  mixing the labeled oligomers from steps (a) through (©);
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wherein said oligoner is selected fromthe group consisting of a protein,
pol ysaccheride, nucleic acid, and lipid. 87 18 April 2005 form | abel ed

ol i goner fragnments, said first |abeling noiety having one elenment with an
atom c nunber from17 to 77; (c) optionally contacting the other aliquots
of oligoner fragnents with other distinct |abeling noietie$8Aprit2M8l ently
attach said distinct |abeling noieties to the termni of the oligoner
fragnents and form | abel ed ol i goner fragments, said distinct |abeling

noi ety havi ng 36iThe nethodof daiml 32 meherain each bf said eletronts & seleadiefront thegnoly to 77,

d t t
dent 1 yitanat b ot S B Bl R Reor TR b BAREY' 01 (Ol
fragnents and (f) determ ni ng the sequence of at | east two residues of

sai d | abel ed ahi gOFRE meth)ﬁé‘@f%?a‘ir%?%hgﬁﬁﬁe%lﬂg%@d % srr!;EEléEQ: HofRné OMTPr i ses

di scriminating between mass of | goner ragrrent s and an
unl abel ecr@PicgRsitEng ¢fibseamam fodingsRuEpPPIM anH HtUrNe P‘@éﬁ'd isligreneni apelyreedhyridst t he
mass defect |abeling noiety, wherein said oligomer is selected fromthe

group consi sti ng of a E\r otein, polysaccharide, nucleic¢ acid, and lipid 39.
40. 41. acid. g¢ for saapiensing A PRIPIHRS N OHEMES SPRBHNNE Wi t h cl ai m 38,

wherein said Q&)lf&@ﬂa{tmg Sllcﬂloﬂs bﬂdaﬂi on@mﬁatuhmgloﬂerbr ReFOhEbAMCRAZMatiB o] @i M 38,
wherein said oli od in accard e with claim 38,

omer
wher ei n sc FrelBiS ‘%ﬁmtatlog "%?“WG%‘P@TO ucg of} ‘i"i’F(S ag‘ﬂenéfc%‘?rﬂ% *®t h clai m 38,

wher ei n stmgﬁlemhﬂogmmfodisﬁpﬁ.eésoea&mmd in accor dance w th claim38,
wherein said

; %b& ta n ﬁ{i 1qu gloepum%er H.h ?Elh%g 1ey3 44. A method
i n accordance ‘%R %'I & A5 19uGH 0L PUSOMCL IFReRt MR AL RERE 319 P o i ¢ nunber
of from 38vdlentlpBitach Said frstrieticlingimbiety tctherpaninupftieslipeha fiagmenstnd tances of
anal yt es lgﬂ’efémofimepﬁagments, said first labeling moiety having one element with an atomic number
from 17 to 77;
(c) optionally contacting the other aliquots of oligomer fragments with other distinct
labeling moieties to covalently attach said distinct labeling moieties to the termini of the oligomer
fragments and form labeled oligomer fragments, said distinct labeling moiety having two or more
elements with an atomic number from 17 to 77,
(d) optionally mixing the aliquots of labeled oligomer fragments;
(e) identifying a mass spectrum data corresponding to said labeled oligomer fragments;
and
(f) determining the sequence of at least two residues of said lebeled oligomer, wherein
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,
wherein said oligomer is selected from the group consisting of a protein, polysaccheride,

nucleic acid, and lipid.
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nore sanples, conprising: 88 18 April 2005 (a) contactind8Amilanedytes of
the first sanple with a |labeling noiety to covalently attach a label to
the anal ytes and form | abel ed anal ytes, said | abeling hoiéf'y "Having one

el enent with an atom c nunber from17 to 77; (b) contacting the anal ytes of
subsequent sanples with labeling noieties to covalently attach labels to

t herm hableletl edigomeefiagmeantaypdié firstiabeBngmiolety haihed dregloméne withsanus@dicf or  each
subsequent nﬂ_e- contain an additional element with an atom c nunber from
17“‘1"@’%? ,"“’('?33“’ ’xing the aliquots of |abeled analytes: (d) identifying mass
spect rum dat(g) cordpasRAHoRGclity Bdbothet ARRIAD FANBdNEES gniath wiiRdthanal yzi ng

sai d, mass spectrumdata to determ.ne the rel ative abundances of one or

notigtingt labplinggnaietiesds cpwmlantlyptippfesaihdisting labgleg mpictienodhetsanips pthst ep

c i i { nat C the. .ytes and an
B Frag e A ToAR M UHURED rhterR S QAT RAE e RN O Gt oo
| sl armgprareleatents witheangitemeaiughbanfibmt I tbJ7sel ected from t he group consisting

of a protei pal v.saccharid ucl ei cid, .and lipid. 46. A nethod in
accor dance \r/:tnd%h AP q@é‘,"x' etp%fiﬁqué’%(’gl%?‘%%eoﬁ'ﬁgmﬁﬁégg“éw 'at oni ¢ nunber of
from35 to G3) 47denfifyirg hathss ipeatmarddandaesonting taiaid hbeledbRghd Sai d
elgarrents_ha e an atomc nunber of from39 to 58. 48. The nethod of claim
45TREPRNSARY 5t | east a portion of said | abeling noiety of step (a) is a
stabl e isot Of defeinhinPhe seiendmi ok Yeatftwd r&RIUEDDF saftPlabdiBEofifdld of claim
48, wher ej nq?zi d stable ?@ot%ﬁ% is 81Br. 50. The rnsfiahocal1 of ol m 45,
- f uwherein saidpsfyenre determpaing siep gomprises slstcriminnbing betrveer thegwdse ofthgt ur e of
o ' ' ' : The t.hod of claim
soiERIRE o BBl Uhd b Ikl FraBhER phtidrontie It PR "Lor o
of ereegybfithexmuassalebict labtlalgadoiatyal yt es by el ectrophoresi s, chromatography or
affinity separat.ion. 89 18 Apr,i | 05 52. A nethad of identifying a |abeled
mol ecul e in ‘gher'fﬁ%a‘gﬁgé?rf‘fﬁffAQ?lﬁ%edz%ﬁ‘f‘ﬁgﬁgr{?ﬁ%?r}skgf‘%°€?lgméet“éps of : (a)
acgalyaabetakiag, nackRSRid pecligium of a | abel ed nol ecul e using a nass
spectroneter, wherein the |abeled nolecule is |abeled with a |abeling

noi ety, said, | abelin ) . . o e -
y d39. \ method in accordance with claim 38, wherein said oligomer is a lipid. _ ..,

40. A method in accordance with claim 38, 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 oligomerisa. -
polysaccharide.
43. A method in accordance with claim 38, wherein_ said elements have an

atornic number of from 35 to 63.

4. A 'm.e.th_od in accordance with claim 43, wherein said elements have an -

_ atornic number of from.__ 39 to 58.

45.  A'method for comparing the relative abundances of analytes from two or

more satnples, comprising: -
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nmoi ety conprising at |east one mass defect el ement havi nggapria2@B8 ¢ nunber
from1l7 to 77; (b) discrimnating between the mass of the | abel ed nol ecul e
and the mass of an wunlabeled nolecule in said nass spectrum based on the
nucl ear binding energy of the |abeling noiety. 53. The nethod of claim 52,
wherein said | abeling noiety conprises at | east one mass defect el enent of
atonmi ¢ nunhéa) 35 conta@ig theanaljitbeofithe fiod suhple mathm Ibelingtesielyio sai d | abel i ng
noi et eas l.e er 39 to
saovatnoRe 3hsflo S By a9 SRR TR b B R tine BB BB 20 Lt
Iaﬂ:&tclenmﬁeWna&ﬁ adﬂixeahmbéret’fmﬂtln@VECt ed fromthe. gr oup consi sting of
brom ne, eur opi u 56. The d of .cl aim 55,
wher ei n sal gl’)rmsscoﬂté? Btgttm%l”@ggﬁ%l ﬁtsé‘héetﬁlf"gbtlsﬁwples Wﬂqa{tﬁ’ NEMASES S ¢l ai m 55,
| V‘%W@l'cﬁ'tl)sﬁla@h L1233 tsiﬁ{e%hly&ls@mewh shiplel Wwhidéh the ﬁ%elm%]ﬂ;hﬁtl@@ﬁd@@@oﬁf clai m 55,
wherei n sai'd mass defect el enent is brom ne. e met hod of clai mb55,

wheaek pubsequiert sample enataie an additiens clementyith an atgmic nypberdtomb i’ toot7; ¢l ai m 52,
wherein sal er abq}l&glgg&%ﬁg@]lo&cﬁ lj%lédaaﬁ\ﬁiy‘fég ol igoner. 61. The method of

cl ai m 60, wherein sal N goner "i1s selected from the group
consi'sting c(ﬂ) a Ildadnmlfyadg prast spiectrurh dbelcottespondiog tesaad tabdled ahalytes; @add

ol i gosacchari bel ed i nd el f synthetic.origin.
90 18 April @)05 a@? yz"?ﬁéa' % @%ﬁu@dﬁlaﬁoégnﬁﬂgr%ﬁ rr?lagé'?aglf“dﬁnﬁ 8% pol yner
of orfeyor inktRE bEthe ahglites bétsveen e BAples, e»mélﬁdalﬂraﬁmgmaegmummns| sting of a
| abel ed, acryl ate, | abel ed, pethacryl

bel yl I'abel ed pol
| AR e the B dhlepeind B R R BISATGE b B3, The
MELRAr Bind tg%ei'g§%£tﬂ@m£s§uefeéﬂwelin@bﬁdla9 ol i goner is a |abeled

ol 1 gonucl eo The met hod of "cl aiim 52, wherein several |abeled
rml ecul es cwlirein sbidianelyteds selectedifrom dhegroup contsisting b waEpiciBef ect el ement s
e Sac E:In(l)lrle}coam |agd[agﬁurml ation of the nmass spectrum 65. The nethod
ofp V& Whereln-Sai abel ed oligoner is a |abeled oligonmer fragnent
produced u5| ng an enzymatic, -chenolytic or nass spectronetric
f ragnment at i o#6. met Aoethoddn addoedamet Wath chfimcSaivher8f, saidnaderaénis kavednnass
sp ct rorreter a tation nethod is selected fromthe group conS| stl ng of
gt ber F s‘l%g;'ﬁsrl %éuced di ssoci ation, and

417. A method in accordance with claim 45, wheréin said elemerits 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 81Br.

50. The method of clalm 45, further comprising séparating at least a portion of
sald rmxture of labeled analytes pnor to said analysis step (d)

51. The method of claim 50, wherein said separation step compnses
- separatmg at least a portion of said mixture of labeled analytes by ﬁlectrophomsls
chromatography or affinity separation. -
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collision cell collision-induced dissociation. 67. The metgwstiebos! ai m 52,
of stable
i sotopes, are mxed prior to said accunul ati on of the masS Specttum 68.

The met hod of claim67, wherein the stable isotope is i ndependent |y

wherein several | abel ed nol ecul es, each with a different nunber

sel ected fromthe group consisting of isotopes of fl, C N, 0, d,

Br,

and

S. 69. The @8t hodASethadpindatilyingaladicledimeleae s ampssspesyant, $hd ndependent | y

S %&ﬁ&fg)[ﬁrg&mg}ﬁg&ew& "Br. 60297290 vl 91

(a) accumulating a mass spectrum of a labeled molecule using a mass
spectrometer, wherein 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 element 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 molety comprises at least

one mass defect element selected from the group consisting of bromine, iodine, europium and -

yttrium.
56.  The method of claim 55, wherein said mz{ss defect element is europium.
57. ‘The method of claim 55, wherein said mass defect element is yttnum
58. ~ The method of claim 55, wherein said mass defect element is bromine.
59. The‘method of claim 55, wherein éaid mass defect element is iodine.
60. ;I‘he method of claim 52, wherein said labeled m;)let':u_le is a labeled
_'oligqmer. h

61.  The method of-claim 60, wherein said labeled. oligomer is selected frbm
- the group consiéting of a labeled protein, labeled oligonucleotide, labeled oligosaccharide,
labeled lipid, and labeled polymer of synthetic origin. '

1
h
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62.  The method of claim 61, wherein said labeled polymer of synthetic origin
" is a2 member selected from the group consisting of a labeled acrylate, labeled methacrylate,

labeled nylon, labeled polyester, labeled polyimide; labeled nitrile rubber, and labeled polyolefin.

63.  The method of claim 60, wherein said labeled oligomer is a labeléd

oligonucleotide.

64. The xﬁethod 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 isotopeé, are mixed prior to said accumulation of the mass spectruim.

68.  The method of claim 67, wherein the stable isqtope is independently
selected ﬁom the group consisting of isotopes of H, C, N, O, Cl, Br, and S. |
| 69.  The method of claim 67, wherein the stable isotope is independently |
selected from "Br and *'Br. |
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