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The invention relates to pepiides and methods of isclating and
characierizing the same.

BACKGROUND OF THE INVENTION

The activation of profeins by modification represents an important
15  cellular mechanism for regulating most aspects of biological organization
--) and control, including growth, development, homeostasis, and cellular
communication. For example, protein phosphorylation plays a critical role
in the etiology of many pathological conditions and diseases, including
cancer, developmental disorders, autoimmune diseases, and diabetes. [n
20 spite of the importance of protein modification, it is not yet well understood
at the molecular level. The reasons for this lack of undefstanding are, first,
that the celiular modification system is extraordinarily complex, and
second, that the technology necessary to unrave! its complexity has not
yet been fully developed.

25 The complexity of protein modification on g proteome-wide scale
derives from three factors: the large number of modifying proteins, e.g.



substrate proteins that are nodified by these enzynes, and the
dynam ¢ nsmtaue@o@Bi prot ei n expressi on during grow h, devebopmwenti94so
di sease states, and aging. The human gepone encodes, for exanple,
over 520 different 5 protein kinases, making themthe nost abundant
cl ass of enzynes known. See Hunter, Nature 411: 355-65 (2001). Each
of these kinases phosphorylates specific serine, threonine, or
tyrosine residues located wthin distinct amno acid sequences, or
nmotifs, contalgmd within dlff rent 7 ote substra
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inplicated in diseases, such as cancer. Al though several methods for
purifying phosphopeMﬁnM@ﬁtmﬁ@hOBE@W@égﬁSlf%%ﬁaglﬂa’t@%fm@tﬂfﬂiwcﬂave
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m xt ur es of5 pefrgete Sormmokecyian oreslicing. Foslexamipls df #sd gord thaonONO
03/000931 PCTI gg%{a}l%ggogén%s identified to date, 46 are protein kinases. See
Hunter, supra. Oncogenic kinases such as ErbB2 and Jak3, widely
expressed in breast fumors and various leukemias, respectively,
- transform cells to the oncogenic phenotype at least in part because of
j 20 their ability fo phosphorylate cellular proteins. Understanding which
proteins are modified by these kinasses will greatly expand our
understanding of the molecular mechanisms underlying, e.g., oncogetiic
transformation. Thus, the ability 1o selectively identify modification sites,
e.g. phosphorylation sites, on a wide variety of cellular proteins represents
25 an impoitant new fool for understanding the key signaling proteins and
pathways implicated in diseases, such as cancer.

Although several methods for purifying phosphopeptides have
been described, these methods have significant limitations that render
them unsuitable for the isolation or purification of modified peptides from

30 complex mixtures of pepﬁdes\on a genome- or cell-wide basis. in one

t new



met hod, whi ch enpl oys reversed-phase HPLC, proteins are |labeled in
vivo or inwodnooewd t h radi oactive phosphate, and the protetnusdio4g0
interest is purified to near honngeneitg (so that it represents at

| east 95% of the protein in the sanple)~before analysis. See, e.g.
Wetten hall et al. Methods 5 Enzynol. 201: 186-199 (1991). The highly
purified protein is then digested wth a proteolytic enzyne to
produce peptides, and the radioactively |abeled peptides containing

a phosphorylatiop site,of the single protei re purified by
rever sed- phas emﬁ&Lc’@If “%ffgb‘?mBﬁW N S%Bﬁ?%@%ﬁepmg‘?@? @ﬁ%fﬂbg‘/i’éb’”f rom
nonphosphor yl aypg opgitrd @athradRssH pidsphBRe, HRdtiesl brASH ofitérest is
associated with each HPLC fraction, and then chem cal sequenced.
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duri'ng all_ subsequent purification and analysis steps. Accordingly,
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The HPLC net h%c{u%n@éél.en unsuccessful when applied to proteins that
are nodified at low | evels, for exanple, where only 25 a snal |l
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30 this nethodcaios be appli@Binio®gbaPEarnpled 2h:atbeBaot be radicactively
labeled, such as tissue biopsy samples. Selective peptide loss during
purification by this method can infroduce biases, so that the most
prominent modified peptide before and after the HPLC step is not
necessarily the same. This problem is addressed by first purifying the

20 protein so its level of radioactivity can be measured and then rigorously
accounting for sample recovery during all subsequent purification and
analysis steps. Accordingly, modified sites cannot be identified from
complex peptide mixtures. The HPLC method is offen unsuccessiul when
applied fo proteins that are modified at low levels, for example, where only

25 asmall percentage (less than 10%) of the protein is phosphorylated at
one site. This problem results from the difficulty of purifying a
phosphopeptide to homogeneity against a high background of
nonphosphorylated peptides, and the need for a nearly homogenous
phosphopeptide during chemical sequencing. Additional shortcomings of

30  this method exist.



-4 Several researchers have enpl oyed i mobilized phospho-specific

ant i bodi esweadsea@swi t h mass spectrometry (MS or MS/ MS), tecirdsntibdsy
phosphoryl ation sites in proteins. |Imobilized anti-phosphotyrosine
anti bodi es have been used to purify phos%hopeptldes fromdigests of 5
gelsolin, an actin binding-protein. See De Corte, at at, Prot. Sci.

8: 234- 241 (1999). However the single protein of interest, gelsolin,
was first purified and phosphorylated in vitro, before digesting to

ield | sol i n- f d
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ant i body (i ody),

was. not phospﬁé\ﬁépé;ghﬁggﬁﬁr rgjicng‘héz ch{é é@e&ﬁfg%sﬁ@&%% a single
protein, Tyl @qges@tbnen@tﬁd&ﬁé@éthmdeﬁMmglaﬁmltartmt\smn’Eﬁﬂ@t!body t he

OGN T e SR T
nmost require thedst mpossiple (/d. at p. 2635). The prevailing view (enunciated by
Marcus ef al.) that phosphospecific antibodies are not generally suitable
for isolating phosphopeptides has recently been reiterated in a review on
protein phosphorylation analysis authored by recognized leaders in the
20 field of biological mass speciromeiry. Mann et al., Trends in Biotech. 20:
261-268 (2002).

The identification of Ty1 Gag protein epitopes in digested yeast cell
extract using an immobiiized epitope-specific antibody has also been
reported. See Yu et al., J. Am. Soc. Mass. Spec. 9: 208-215 (1998).

25  However, the immobilized aniibody was a Ty1 Gag epitope-specific
antibody (/.e. was not a general modification-specific antibody), was not
phospho-specific, and recognized only peptides from a single protein, Ty1
Gag. None of these methodologies are suitable for the selective isolation
of phosphopeptides from complex mixtures of peptides that are derived

30 'from muliiple, unpurified proteins, and most require the timely pre-



WO 03/ 000931 PCT/ US02/ 19480 -5 purification of desired proteins.
Revi ewed i woMsmosset af ., Ann. Rev. Biochem 70:437-73 (200#1802/19480
Anot her wi dely used nethod for purifying_nodified peptides is

i nobilized nmetal affinity chronatograph?‘(lh%(). Thi s
pseudo-affinity 5 purification method is based on the interaction of
metal ions and negatively charged peptide noieties, such as

phosphat e. See, Posevmtz etal]., Anal. Chem 15:2883-2892
(1999). Pre-pur ate roteins ,are digested.to
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phosphopepti des, for exanple, are sensitive to the exact™ conditions

used for | MAC. mptal rBelatar. @@’u@matpdIﬁ@ett%@tniﬁﬁ@ﬁtiaréﬁéiqﬁmumga’m lélnlﬂnﬁ

comonl y used I tions
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hosphopept i de m
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by mass spectrometry (MS or MS/MS) o assign phosphorylation sites.

As with the reversed-phase HPLC method, IMAC purification of
modified peptides has several limitations that render it unsuitable for the
3 20 purification of modified peptides from complex mixtures of peptides, such
as cellular digests. The method must be adjusted for each desired
sample, since, phosphopeptiides, for example, are sensitive fo the exact
conditions used for IMAC. It is not unusual to test peptide binding to all 4
commonly used cations in combination with 3 different pH conditions (12
25 test conditions altogether) in order fo find the metal-pH combination best
suited for purification of a single, specific phosphopeptide. Isolating a
second, different phosphopeptide from the same, or different, profein may
require a second metal-pH combination that is unique. The IMAC method
is not specific for phosphopeptides, and peptides with several negatively
30  charged amino acid residues (such as aspartic acid and glutamic acid)



30 charged am no acid residues (such as aspartic acid and glutamc
aci d) WO O/ PCT/ US02/ 19480 -6 and w t hout phosphabergandigd
to | MAC resins and contam nate any purified phosphopeptides. This
drawback is especially problemtic when-6enly a snmall percentage of
the protein sanple is nodified, e.g. a partially phosphoryl ated
protein, because the background |evel of contamnating 5
nonphosphoryl at ed pepti des can overwhel mthe | evel of

phosphopepti des. For this reason, the I MAC nethod is not suitable for
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of suitable pep e I'SO 1 on at "are and can be
readi | y aut omaFerdhemtiedyettomd iexatspasificcioatiiegypb ef rrmnixquaeeidubj ag. of
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pat hways that pliesphbthrébsing osgitfosphoigfoditealpbiiennd slatesrandMient | y
underway. The unresolved need for such high throughput nmet hods has
recently been ¥&Bgni zed. See, e.g. Mann, Bi ot ech. 17: 954 55

(1999). SUMVARY OF THE | | ON 25 The ventio ovi

ot hotls or 1 5ol at | ASOIRG: eé%rera@aﬁ.adﬁeﬁaﬁf'%a@ Ao ret Rl ot

peptides (suc hSia'fbl@Esepﬁ® :salaaoﬁ/@hhﬁcemhrrﬁahods mta}e BiitdHIe fSitiRdS of

(a) obtaining a gt ei naceous preparation from an organism in which
ip

modi fi ed pept i BeBlpR Shinadyiestperiides fom eenaplex mixtures of peptides, e.g.
15  digested cell extracts, which contain a wide varisty of different, modified

proteins, and yet do not require timely or costly pre-purification steps. The
devslopment of suitable peptide isolation methods that are simple and
can be readily automated would, for example, enable the rapid profiling of
activation states on a genome-wide basis and the identification of new

20  diagnostic or therapeutic targeis within cel! signaling pathways that are at
the forefront of the proteomics era currently underway. The unresolved
need for such high-throughput methods has recently been recognized.
See, e.g. Mann, Nat. Biotech. 17: 954-55 (1999).

SUMMARY OF THE INVENTION

25 The present invention provides methods for isolating a modified
peptide from a complex mixture of peptides (such as exists in a cell
extract digest) by the steps of: (a) obtaining a proteinaceous preparation
from an organism, in which modified peplides from two or more different
proteins are present; (b) contacting the proteinaceous preparation with at



proteins are present; (b) contacting the proteinaceous preparation

w th at WOWBIAReER3L PCT/ US02/ 19480 -7 | east one i mobi | ipggaise2/19480
nodi fi cation-specific antibody; and (c) isolating at |east one
nodi fi ed peptide specifically bound by tie i nmmobilized

nodi fication-specific antibody. The nethod may further include the
step of (d) characterizing the nodified peptide(s) isolated in step
(c) by mass 5 spectronetry (MS), tandem nass spectronetry (M5 M),
and/or Ms3 analysis._ The nethod may al so further include the step of
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cor r espondiag 15t BindSirerRielaneied RIS FRRRS FRRRP ainecidaare

si gnal i ng pat hygystagédushPemployed in the disclosed methods.

Also provided are an immunoaffinity isolation device for the
isolation of modified peptides from a complex mixiure according to the
method of the invention, and antibodies to novel UFD1 and PTNG

20 phosphorylation sites discovered by the practice of the disclosed
methods.

The method of the invention enables the rapid, efficient, and direct
isolation {and subsequent characterization) of modified peptides from
complex mixtures, such as crude cell exiracts, without the need for costly

25 and timely pre-purification of desired peptides or proteins. The method
enables the single-step immunoaffinity isolation, and subsequent
characterization of muliiple different modified peptides, corresponding to a
multitude of different modified proteins and signaling pathways, with a
single antibedy. The simplicity of the disclosed method also renders it

30 readily automatable, as only a single isolation step is required. Further



single antibody. The sinplicity of the disclosed nmethod al so renders

It 30 readiglgnsmpseenat abl e, as only a single isolation stepctSsori9480
requi red. Further WO 03/000931 PCT/ U502/19480 -8 advantages and

preferred enbodi nents of the invention aBe described in detail

bel ow. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 - is a flowdiagram
representation of the nmethod of the 5 invention. Fig. 2 - depicts a
MALDI - TOF mass spectrum of an unpurified mxture of 10 different
phosphoryl at ed and nonphosphoryl ated pepti des,  using . .

al pha- cyano- 4- #RNERERE Hrhiprelertrd empedimants of thedaventionsee daseiibied in
stars are phosg&gﬂﬁg 2d peptides, and peaks |abeled with circles 10
correspond to nonphosphoryl at ed peptides. Unmarked peaks are

synt hetic peptide byproducts. Fig. 3 - depicts a MALDI - TOF nmass
spectrum of the phosphotyrosine peptide m xture described in Figure

2, after isolation of phosHEHgRaptsaasTon bl rTiEPRekeied P- Tyr - 100
anti body-resin, according to 15 the nethod of the invention. Peaks

| abel ed with stars are_ phosphory] at ed epti des, d peaks | abel ed
wth primed stars dger 4S8 aabUEo i sepRaRRBPAeT Ha MERGE Gtk o
mass of M -5 78digse artifacts are also present in the unpurified
peptide mx (Figure 2) but are obscured by the peaks from

roaR Soteer o R iAo SRt R oBrhE ot e
m x ‘descri bed pyhlre®ir® Fifereht PSosphoRAREEEMIGHHRYEH YR BeRtkiedC! d
as matrix. The top panel shows the peptide m x before purification

(as in Figure 2ing alpdarevenpct-hiepaienamisiasicsas matibe faaie lahsledmiter

purification (K ' ep

spect rum of an@ﬁgé;%@i Iogaﬁé%ﬂ)’gﬁjpgp%qéalhﬁa%g?%%&%@ﬁgﬁ?it ed and
nonphosphoty| acertespepditd @snphespihnylaied peptses dnmaked pepts areani ¢ aci d
as matrix. Peaks ) AReL et ey Broducts.

Fig. 3 — depicts a MALDL-TOF mass spectrum of the
phosphotyrosine peptide mixture described in Figure 2, after isolation of
phosphopeptides with monoclonai P-Tyr-100 antibody-resin, according fo

15 the method of the inveniion. Peaks labeled with stars are bhosphory!ated
peptides, and peaks labeled with primed stars correspond to a
phosphopeptide artifact with a mass of M - 78. These artifacts are also

) present in the unpurified peptide mix (Figure 2) but are obscured by the
peaks from nonphosphorylated peptides (M - 80).

20 Fig. 4 — depicits a MALDI-TOF mass specirum of the purified and
unpurified phosphotyrosine peptide mix described in Figure 2, using
alpha-cyano-4-hydroxycinnamic acid as matrix. The top panel shows the
peptide mix before purification (as in Figure 2), and the bottom panel
shows the pepiide mix after purification (Figure 3).

25 Fig. 5 — depicts a MALDI-TOF mass specirum of an unpurified
mixture of 4 different phosphorylated and nonphosphorylated peptides,
using alpha-cyano-4-hydroxycinnamic acid as matrix. Peaks labeled with



WO 03/ 000931 PCT/ Us502/19480 -9 stars are phosphoryl ated pepti des,

and peaks Lapglegshsyi th circles correspond to nonphosphor y&ate819480
peptides. Unmarked peaks are synthetic geptide byproducts. Fig. 6 -

depicts a MALDI - TOF mass spectrum of theJbound and 5 unbound pepti de
fractions after immnoaffinity isolation/purification of the
phosphot hr eoni ne peptide m x described in Figure 5, using

al pha-cyano- 4-hydroxycinnam c acid as matrix. The top panel shows
the fraction of the peptide nix that did not_bind to a poncIonaI

P- Thr - ant i bodyStRES?T, Pf‘@ﬁﬁh@fhf@te%ﬁ?ﬁ’ﬂﬁﬂspﬁﬂ@Peéh%{ﬁ@ef%}e“”ﬂ? §E¢!8Hn of the

pept de m X Lngln b0y apAoRB BBl il ecpelic! ona

P- Thr - ant i body-rT esi stars are phosp oryI at ed
pepti des, and pevietid pEpdidedypiaducts.rcl es correspond to
nonphosphoryl ated peptides. Fig. 7 - depicts a MALDI - TOF nass

spect rum of the unpitigi 6i-edbpiciad MALDITEF mhes phetijurnsr te heytd arel mi x

d i bed i 5 al - - L NAa.: '
et x. Thi's 1 SgedprEe Belend ot iR AR TR BFLE
2-4, except th@ﬁoéph@tfﬂtg@mlﬁé pebtide e fbsdrioeddi F&;u@eﬁt udﬁgmiphmno-
reduced to alowlevel. In all panels, eaks Iaz ﬁéferg Iar
phosphor y| at eddP¥pEYesnNamicadd ?ﬁ@@tﬁlﬁw eE PR @%ﬁ’ﬁ‘d)
nonphosphor ! %@ﬂﬁiéerﬁfx'tﬁéﬁdld %ﬁ'b%%% é@@@b@ﬂ Mﬁﬁaﬁﬁbd@%—r@@ﬁ; §h@ﬂ$e
cor‘r)espond to tE) e artifact Wwth a mass

osphopept |
t op ‘panel showsoiidia Paﬁpfﬁ"lowsetbe Tiestpn ektheripidetyikdaatid Péﬁﬁo@é'd m X.
The second ang c‘fjcﬁﬁa _ n
nonocl onal 1(2 rlas %ﬂg%@gﬁﬁﬁgegﬁyr esl J]‘Dhg’é]rdéjdtﬁ)oﬂgtreg Id%éh% talsﬂﬁ[gaswﬂhhe
pepti des that shaDB m::epuomajeepe;omss Bedmtakmawl witih cirglg® bot t om

panel 25 Shomgérgegsg%ﬁﬁgg,@99?549:1"5?}&8@98% éractlon after treatnent

with a phosph Rt e groups from
phosshopepCIOes, oghe s, i PR RSO O, Uil
bet ween phosphep@ptanﬂb&ﬁpmsﬂ)hdwpmw bepijdeamddedmibed dp Ejgure @s using
15  alpha-cyano-4-hydroxycinnamic acid as matrix. This isolation is similar to
the one described in Figures 2-4, except that the amount of
phosphotyrosine peptide mix was reduced to a low level. in all panels,
peaks labeled with stars are phosphorylated peptides, peaks labeled with
circles cotrespond to nonphosphorylated peptides, and peaks labeled with
! 20 primed stars correspond to a phosphopeptide artifact with a mass of M -
78. The top panel shows the unpurified, complex phosphotyrosine peptide
mix. The second panel shows the peptides that did not bind to the
monoclonal P-Tyr-100 antibody-resin, and the third panel shows the
peptides that did bind and elute from the antibody-resin. The bottom panel
25 shows the bound and eluted peptide fraction after treatment with a
phosphatase enzyme, to remove phosphate groups from
phosphopeptides, reducing the observed mass by 80. Lings drawn
between the third panel and the bottom panel show the relationships
between phosphopeptides and dephosphorylated phosphopeptides.



WD 03/000931 PCT/ US02/19480 -10 Fig. 8 - depicts a MALDI - TOF mass

spectrum ofyotlddgogeppuri fied and purified phospho- Akt subsgcat®r/i9480
peptide m x, using al pha-cyano-4- hydroxycinnam c acid as matri X.
Peaks | abeled with stars are phosphoryl ated pepti des, peaks | abel ed
with circles correspond to 5 nonphosphoryl ated pepti des, and peaks

| abel ed with squares are netastabl e-deconposition phosphopeptide
products. The top panel shows the peptide m x before purification

a7 e Do RSBt e s Pl e bR bl
puri {1 ed 14- 3- ZhbbiCoiiTRbhb-AeBLUPatEDEDiS b BIrRN BBy RanG-4-

hydr oxyci nnam ¢ aci d ri x. Peaks b stars are

phosphoryl at e&l{%@t&lcﬂ'é@m@@l@s&ﬁ wleli%e Foriks fﬂb@i%\ﬁ’@ss’&@& f&@spond to
nonphosphoryl

met ast abl e- de orrp ity Méc}gaéﬁ@%‘%%g’%%@ﬁﬁ%ﬂo‘gﬂé?ﬁé'%egﬁ%ﬁ@f’ed Wit h
15 fill ed st arsorghesphoryizbappepticbss ant peaks Ebaled vditpsgutases @ bi nd to
the 14-3- 3 bind tif an e guen not fit
the ant | body” SHElRRE LpeePPhuloy braRaRtsR At Rido RO R IAE P RR T e

m x before pursﬁw&améqrepﬂa@mxlbefd?etpmmazm@lndsthe\bsﬁbhﬁpmfshdws fhex
after purificatio depi cts a MALDI - TOF mass spectrum of

t he pepti des ’gﬁr”f’%a&?rﬁynf Bilized P-Tyr-100 anti body froma
m xtyjur e cont ai ni ng » gl gest ed extract
d

[ ]
phosphot yr osi ne pe %P*Gtﬁﬁ‘ﬁ\“ggé %9% C%ﬁ%%@&”%ﬁ%ﬁé&f@“&@ﬁ% de
m x, usingegl pé}ﬂrgdmﬁ Bmﬁaaamglmme@m@m:ﬁ L?s%d@l’bhé)ér\]/éﬁ@-ﬁ-pana ).

Peaks Iabel ed with stars ar emfhos hor% at ed Cg e bottom
panel shows tﬁy%mmc@p Gaks fe&@fq Wit stass ee& t r eat nent

with a phosph
phosphopept i d e f}ﬁéﬁ@ﬁ’pe Rdé rvegﬁmass ‘%I?c%&fé’é’%@rre&d?@‘r awn
bet ween the t ammneph@wwtemeemasoan@aﬁaks @belndt\mb $@iaKes ershi ps
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15 filled stars are phosphopeptides that are not expected to bind to the 14-3-
3 binding motif antibody because their sequences do not it the antibody’s
known specificity. The top panel shows the peptide mix before purification
and the bottom panel shows the peptide mix after purification.

Fig. 10 — depicts a MALDI-TOF mass spectrum of the peptides

P 20  purified by immobilized P-Tyr-100 antibody from a mixiure containing a
digested crude 373 cell extract, the phosphotyrosine peptide mix, and the
phospho-Akt subsirate peptide mix, using alpha-cyano-4-hydroxycinnamic
acid as matrix (top panel). Peaks labeled with stars are phosphorylated
neptides. The bottom panel shows the bound and eluted peptide fraction

25  after treatment with a phosphatase enzyme, to remove phosphate groups

from phosphopeptides, reducing the observed mass by 80. Arrows drawn
between the top panel and the bottom panel show the relationships
between phosphopeptides and dephosphoryiated phosphopeptides.

Fig. 11 —~ depicts a MALDI-TOF mass spectrum of the peptides
30  purified by immobilized phospho-Akt substrate antibody from a mixture



30 purified by inmobilized phospho- Akt substrate antibody froma

m xt ure WOw@Bé@o@881 PCT/ US02/ 19480 -11 containing a di gest/eshzavisde
3T3 cell extract, the phosphotyrosine P! 'P ide mx, and the

phospho- Akt substrat e peptide m x, using' al pha-cyano-4-

hydr oxyci nnam ¢ acid as matri x (top panel ). Peaks | abeled with stars
are phosphoryl ated peptides, and peaks | abeled with squares are
netastable 5 decorrposition phosphopeptide products The bott om panel
shows the bound .and eI ed tid tion ter ment wi th a
Shosphat ase _etoyaBns s tERsREs Srn spl efiuaterinsrbBRv e b ens
reducing the phsahverk Eﬁé@ﬂ@Aﬁ%ubéfré@’)@epﬂf@é\lfﬁlxb@ézﬂgglbhfah@ah@m-pane|
and the bottohﬂﬁanel the rel ati onshi ps_ bet ween phosp hoPeptldes

and 10 dephosp 91‘3&%@@“%%%%@6@%@%0 p#ig]). Pegks lahglpd wgh giars are
MALDI - TOF MBS Spifeh ga picche Ogﬁ&?ﬁghb ;E% Rs 1dBdidd WhH s gMai‘e@EPQ'nJ]détéﬁgblen

14- 3- 3 bi ndi ng m xture containing a di
crude 3T3 ckl |d@cwmmtlcarwﬂqspéopmt@leaarbdu@Sn&erboﬁ’c@m n@eptw:twaﬂhg

usi ng al pha- CYR T panel
ahovs the pept POTATY SRy EeRRRRAcA 8T i Fe B b byl

shows L he pept e®me, xo edmheve pbosm*lawgmnnps fﬂ%@mbho@ﬂtm@bpﬁdaﬁ tré\dwﬁ@ s
are phosphory ept i des aks | abeled with c es co ond
F6° nonphospnoli el eapesa: 805 AraBite i Ay eer i Pns a0 fen

met ast abl e- decpspng| bh@mmh@mmrﬁps PEReptshosphepéstideamnganel 20
shows the bound and eI ut ed ptide fraction after treatnent with a

phosphat asH eng§RhesPhery; %%QEOWWSHB@%‘-‘ groups from phosphopepti des,
reduci ng the observed nass Eﬂ 13 - depicts a Western bl ot of
A431 cells over expr%‘gm %g‘qe?’fécfséﬂ‘ﬂﬁ hhPFgrask FPQ%M"@JPW”@O‘@M‘Q?S

(EGFR) and pro@ﬁ@h %}1@5&&&%@% !ﬁﬂ&(hg%idlttf SnREYS) fr8ﬁ‘1 DhnkR

expressmn IS pears after treatin ?

The. cel | 5 wi t homAning! ydigeated aue 37 cal Rra Anckhad s3-S hiinaim
ggf"r ;l:tEdwi ltoﬁp;@%@&@_e(rﬂﬂf’EQHB%&@&%#&%%&F&%&R@édh 883 bibe 1 The
15 fop panel shows the peptide mix before purification, and the middle panel
shows the peptide mix after purification. Peaks labeled with stars are
phosphorylated peptides, peaks labeled with circles correspond to
nonphosphorylated peptides, and peaks labeled with squares are
metastable-decomposition phosphopeptide products. The bottom panel

20  shows the bound and eluted pepfide fraction after freatment with a

i .
E—

phosphatase enzyme, to remove phosphaie groups from
phoesphopeptides, reducing the cbserved mass by 80.

Fig. 13 — depicts a Western blot of A431 cells overexpressing the
epidermal growth factor receptor (EGFR) and probed with P-Tyr-100
25  antibody. Induction of EGFR expression is shown by the major band that
appears after treating the cells with EGF.

Fig. 14 — depicts a MALDI-TOF mass spectrum of modified
peptides (phosphotyrosine) isolated from an A431 cell extract with P-Tyr-
100 antibody-resin, using alpha-cyano-4-hydroxycinnamic acid as matrix.
30  This cell line overexpresses the EGF recepior and was treated with EGF



100 anti body-resin, using al pha-cyano-4-hydroxycinnam c acid as
matri x. 30wihizmoeal ! |ine overexpresses the EGF receptor aofusesiesss
treated with EGF WD 03/000931 PCT/ US02/ 19480 -12 to induce
phosphoryl ation at specific sites in the 4eF receptor, as shown in
Figure 13. Peaks | abeled with stars are phosphopepti des, and peaks
| abel ed with circles correspond to nonphosphoryl ated peptides. .
Phosphopeptides purified fromthe digested |ysate with P-Tyr-100 5

anti body-resin corres ond o.two kno | ati on sites
e Eae clointuse DS pRiat e ST B s 1 RSP Teedstan adgown
treated with iﬁ@ﬁ@r@@%&%@%ﬁa@é’d‘@hﬁé@s é@bﬁé&ﬁrﬁ%@ ldeé %n@?%fagot om

| sol ati on of égosphOEeptl es. Lines drawn between'the top a

panel s i ndi caBbelelavitetiried aaresrongde neaphesrbeptaigdmepides.and 10
deph h | at bl ot of
ST Cer s, ot abfoRIRREPAGGELLARR 1 the dRosHR-gL i FEFSLS0F, 10 ©

constituitivel gntmmdyﬂeamem}rmsphndbdny)rtwom\nmhajmo phosBmrplations sied in
unt r ansf ect ed sho the ef f Src |on on.t nber
o Tever Cof oTBESESE0el BE SSREEEH R mab%), THETERRERag Terie Lt
Fig. 16 - depi pﬁ&p@a{d@e@ndﬁ@énaﬁaédwmpﬁm@f towdtifitindsbiatispéf des

isolated froman extract of 3T3 cells transfected th Src protein
ki nase (as shoRRPSPROPREUHES. Hes\Hrawn dsHRRN thedap PﬂyﬁoﬁQﬁbiﬁ’%{)ﬁlﬁ body,

usi'ng al pha- cympRats INdeRMASRP BLvadl shaaphapé Jitldés(atr@ip panel ). Peaks
20 1-abel ed with stars are phosphoryl ated pepti and peaks | abel ed

with circlles ‘é@ﬁhﬂ@ﬁb@i’v@tﬁé Pﬁ@?ﬁi’lﬂ@ﬁﬁ@@%‘l ated peptides. This

bound- and-eluted peptide fraction was treated with phosphatase and

reanal yzed (bottom F:@a"isl—)dépﬁctﬁ, %ﬁf\lb&t@rrﬁ §I%|t 8t 5Py c@ﬁs ﬁ@@@&l‘ﬁ?ﬂ%&écﬂﬁs
Fig. 17 - depicts an LC- M5/ M5 spectrum of one of ed

pepti des puri f $¥UE$T @ﬁﬁ%ﬁmfﬂm kipasagensiigpifively ﬁﬁﬁ@f’ @lﬁtﬁb‘ﬂitWtTWSr c
protein ki nasgod AghsaRyeo hﬂad:?sQHrtc?uﬂ@néféétQ? CBHOG U b Ehroby br 30

anti body. Portions of ectrumwere a
| ow-i ntensity gxprdssion on the number and level of protems recognized by the P-Tyr-

15 100 antibody.

Fig. 16 — depicts a MALDI-TOF mass spectrum of modified
peptides isolated from an extract of 3T3 cells fransfected with Src protein
kinase (as shown in Figure 15) with immobilized P-Tyr-100 antibody,
using alpha-cyano-4-hydroxycinnamic acid as matrix (fop panel). Peaks

20 labeled with stars are phosphorylated peptides, and peaks labeled with
circles correspond fo nonphosphorylated peptides. This bound-and-eiuted
peptide fraction was treated with phosphatase and reanalyzed (bottom
panel} to confirm isalation of phosphopeptides.

Fig. 17 — depicts an LC-MS8/MS spectrum of one of the modified
25 peptides purified from an extract of 3T3 cells {ransfected with Src protein
kinase (as shown in Figure 15) with immobilized P-Tyr-100 antibody.
Portions of the specirum were amplified to show low-intensity product
ions. Sequest assigned this particular spectrum to a phosphotyrosine-
peptide from enoclase A. The peptide sequence and pertinent Sequest



i ons. Sequest assigned this particular spectrumto a phosphotyrosi ne-
peptide fremenedape A The peptide sequence and perti nenpcﬁggjégggggwo
03/ 000931 PCT/ US02/19480 -13 scores are shown. Peaks | abeled "

i ndi cate product ions that contain the -Hhmno-term nus of the
peptide, and "y" indicates product ions that contain the

carboxyl -term nus. The nunber follow ng the "b" or "y" |abel

i ndi cates the nunber of peptide residues in that ion.

Doubl y-protonated ions, i.e., 5ions with a charge (z) of 2, are

| abel ed " ++". $tages a8 shalepiRdaksdabed &y'rindibate pbdudtridra thaébordain the
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cell extracq (@ﬁsghmvg\ché}ge@w@ 28 )Jabdtdd¥mobi | i zed phospho- PKC
substrate notif anti bod y, usi’ng al pha-cyano-4-hydr oxyci nnam c acid

as matrix (top paneﬂ-‘lpe eod létélée\hf%gterﬁ"bb@o%@%&é’é%t@é‘?@@ﬁﬂﬁﬁ@ ed

pepti des, peaks | ab circles correspond

nonphosphor vyl a@lwp@ﬁﬂl\mﬁsph@mop@@ﬂsmiﬁ@@@bé’ma’m ﬁrﬁlbodmﬁfpféQam io

net ast abl e- decg 91&9&{) QPSR

bound- and- el ut egl e%(? bgﬁk rac ‘?)OI’I m&ggﬁigé\?%%%é%ﬂ‘ﬂ% mﬁa 8e'arsaendand
reanal yzed (bobtfeimfpmuteir)s rfecogninéd byrthespheaphor 6T qubeﬂ:@ﬂecqmpbdytes
Fig. 20 - depicts various chronatograns obtained by LCGMS/ M5 20

anal ysi s oi0the nodfipi 48 —dgyictd esVALDI-TOEdMBss spectitedof mealified Jur kat

cell extract (a ho Fi gur t ha- PKC
substrate é? chsﬁ? %ﬂvgf t-ﬁjd& %ﬁgd Q—H%%D%ﬂﬁﬁfgg&#\f@% scans
wer e ﬁol I egt eﬂtg(xfefl%)y\ﬂlﬂ%(irﬁmwaihn@ﬂ pl?%etmm Ehlacgnibstrétet:hemﬁtlbesy B
in eac i ndi vi dual spectru e secon er
Spectra 25 wer BPHSIHBREAGIA Y ERTIE 55 B AR ALD: GRP BE b EHE ARGt <
of all peaks i®ith g%@ﬁlarélgwspmwia@a@‘etphu@a é)éﬁh@ !éﬁélécﬂwntﬁ@%ﬁe@ and
fifth panels show where neutral |oss of

respectively, SRIEesPOndde aghpherphprsied pepttdes s peaks fatoled with
squares are metasiable-decomposition phosphopeptide products. This

bound-and-eluted peptide fraction was treated with phosphatase and
reanalyzed {bottom panel) fo confirm isolation of phosphopeptides.

Fig. 20 — depicts various chromatograms obtained by LC-MS/MS
20 analysis of the modified peptides purified from a TPA-ireated Jurkat cell
extract (as shown in Figure 18) with immobilized phospho-PKC substrate
motif antibody. The top panel shows where survey MS scans were
collected (the y-axis value is the height of the tallest peak in each
individual spectrum), and the second panel shows where MS/MS spectira
25  were coliected (the y-axis value is the sum of the heights of all peaks in
each individual specirum). The third, fourth, and fifth panels show where
neutral loss of 49, 32.7, and 24.5, respectively, was detecied (the y-axis
value is the height of the neutral-loss fon). The peaks in each
chromatogram are labeled with their corresponding spectrum numbers,



value is the height of the neutral-loss ion). The peaks in each

chr omat ogr 3/8 @fofossabel ed with their correspondi ng spectr upgfys§RAbRHo
WO 03/000931 PCT/ US02/ 19480 -14- Fig. 21 - depicts properties of the
peptides that were observed to undergo Heutral-1oss during the

LC- M5/ M5 anal ysis shown in Figure 20, such as nass, phosphate
content, and correspondence to peaks in the MALDI -TCF mass spectrum
shown in Figure 19. 5 Fig. 22 - depicts sone of the M5/ MS spectra
(left panels) and MS3 _spectra (right panels) acquired during LC-MS3
anal ysis of the nodfigh &l — qripiets geapasties ¢f tba Peptidesthpbaere ebssved i kat
cell extract ( C
substrate rmti?ﬁdaér?] ?boag.al lgg%‘.:ﬁﬂﬁ %‘QSL%N @’Mﬁ?@gﬁ'gﬁﬁgﬁﬁ\?ﬁ Eﬂ?? 356'
correspondi ng MM\ spest phosphate @ﬁnt&;ﬂ sadiseresponddncatapesisde e MS3
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pancl ) thal  cont | 1ga R as s C aane B S ol West o

spectra in Fi gw@traqngﬁhpam amneb@ dahﬂgvl_chasé aaeityea cﬁ@thé sRufiddf or a

bi ol ogi cal peptide an ned g:y st t E r esi, dues
333-343 with pheise éwlfﬁ f&fn pd&iAfie 5)”" &b 8¥¥g E%ﬁ P¥Nd} e the
spectra col | eCF@QF&% ﬁitwmbgmzé@ahom ﬁKO@‘u%tréi%%wsﬁéhth&ﬁ [Each_

sequlence and sp orylation site. The close correspondence of

bi ol ogi cal @pecfd@ns@@tqwdawﬂl iﬁ@ﬂrﬁﬁfﬁpﬁémgd\ﬂﬁﬂ\@ isgectEyacwhigh
confirns tﬂ? egncﬂgg!ta @én% oir r?irtB'b% re& h§eci@ &/ﬁlas
spectra were anplifie ow weak-intensity I on 24

- depicts a Wesblertmabsigh p@ferﬁmo’r@msl‘slth;gmﬂ wnﬂd@nseé@ﬂ@othr@ M&xpr ess
active Akt pro EICEI_ g\&e constituitively and treated with PDGF. 25
The extract wa gli}'@’ by SDS- PAGE, bl otted, and probed, using

untransfect edy it AL o9 <y e st BB e R e
anti body {right panels) that confirm an assignment made by Sequest o one of the
15  spectra in Figure 22. The fop panels show the spectra collected for a
biological peptide and assigned by Sequest to UFD1_HUMAN residues
333-343 with phosphoserine at residue 335. The bottom panels are the
spectra collected for a peptide that was synthesized with this sequence
and phosphorylation site. The close correspondence of the biological

s

20 peptide spectra and the synthetic peptide specira confirms the
assignment made by Sequest. Portions of the MS/MS specira were
amplified to show weak-intensity product ions.

Fig. 24 — depicts a Western biot of 3T3 cells stably transfected 1o

express active Akt protein kinase constituitively and treated with PDGF.
25 The extract was analyzed by SDS-PAGE, blotted, and probed, using

untransfected, untreated cells as a negative control. The top panel is

probed with a general Aki antibody, the second panel with an antibody

specific for phosphorylation at Akt residue Thir308, and the third panel

with an antibody specific for phosphorylation at Akt residue Ser 473, The
30  bottom panel is probed with phospho-(Ser/Thr) Akt subsirate motif



specific for phosphorylation at Akt residue Thr308, and the third

panel W t{@@apti body specific for phosphorylation at Akgrfesidise
Ser 473. The 30 bottom panel is probed wth phospho-(Ser/Thr) Akt

substrate notif WO 03/000931 PC | US02/ 294B0 - 15 anti body. This shows
that activation of Akt protein kinase is acconpanied by an increase
in the nunber and | evel of proteins recognized by the phospho- Akt
substrate antibody. Qther bilotting experinents showed the ngjor
protein recogni zed by the phospho- Akt substrate antibody is the 5

ri bosomal pr ot entibc8§. Thisgho@s thatdepivation of AlklpbbieT(kinass & agsenpaaiadof

nodi fied peptides.purified, froman extract .of 3T3 cells tr fected
Wi Akt profephat iftiaess Brine FRRREARIHAT pidiersing réaniret ARGy e
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used to purifymaEdireiedtresegnirae sy fheoRneREo Gég{%éHa@@ﬁ’f y 15988k s

| abel ed wi th SFil%sg)n?éi‘?)rot% ghoryl ated peptides, peaks |abeled with
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W th squares are abl.es Ky ' duct s.
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dephosphoryl at g@dmizasiEpagepfrodeibe dydbtedbxiracicPésiissiapaledaith stars are
chromat ograns obt ai ned by LC- NVSI N5 atp I sCLs. of . t he nodi faimehd pepti des
purified from ahmrxlﬁfgaltr@@f@q% Reaks a% with &EFleﬁggr@ﬁB 1i°n. Fi gure
24) with i mobpbiaRipRbAsREe peSeddsTBhd pAkks bR Riie sHArek st | body.
The top panel shows where survey M5 scans .
metastable-decomposition phosphopeptide products. All four
15 phosphopeptides in the fop panel are accompanied by metastable-
decompasition products arising from neutral loss of phosphate. Two of
these fit the expected masses for phosphopeptides from the ribosomal
protein $6 (2,254.5 and 2,334.4). This fraction was treated with
phosphatase and reanalyzed (bottom panel) to confirm isolation of
) 20 phosphopeptides. Lines drawn between the fop and botiom panels
indicate the refationships between phosphopeptides and

dephosphoryiated phosphopeptides.

Fig. 26 — depicts various chromatograms obtained by LC-MS/MS
analysis of the modified peptides purified from a PDGF-treated 3T3 cell
25  extract (as shown in Figure 24) with immobilized phospho-(Ser/Thr) Akt
substrate motif antibody. The top panel shows where survey MS scans
were collected (the y-axis value is the height of the tallest peak in each
individual spectrum), and the second panel shows where MS/MS specira
were collected (the y-axis value is the sum of the heights of all peaks in
30 each individual spectrum). The third, fourth, and fifth panels show where



were collected (the y-axis value is the height of the tallest peak in

each i ndi walsaleepectrum, and the second panel shows wheegubfibso
spectra were collected (the y-axis value is the sum of the heights

of all peaks in 30 each individual spectt@m. The third, fourth, and
fifth panel s show where WO 031000931 PCTI US02/ 19480 -16 neutral |oss
of 49, 32.7, and 24.5, respectively, was -detected (the y-axis value
Is the height of the neutral-loss ion). The peaks in each

chromat ogram are | abeled with their correspondi ng spectrum nunbers.

Fig. 27 - depi eeyrgllassertied24t ant @4 pesnastveinavasdelectsc@hapaxiso 5
undergo neutral,: A = VP : [ L Figure 26,
such as nass, a\ﬁ%gé’ﬁtgtgg{e'ggﬁtozﬁﬁ 'l'éar’% ééﬁriggggﬁgé%g?%@%%maks in the
MALDI - TOF nassclapretogramsiredsbeled Rithdheir 2orredpandirBspecttepi otsbets: ee
M5/ M5 spectra acquired during the LC MS/ M5 anal ysis shown in Figure
26. These three spefigt a7 hadepidie propetiles dighe peplidds/thas segnebsdreed e

I tipl h | at ed tide.f t ' | tei.n _S6 wi.th
one. (panel ) URdares paer 55 ding R RSB 3855 RE8HRAR Eire aps.
Neutral |oss ofudng mta@@,,pf@sph@@%nmﬂsmb@rrw(%aénwm pe&@ithYhe
apparent. Fig. 29 - Cﬁ'—plCts a Western bl ot_ of -1 cells treated

n

with insulin N&LETQmmassiseaciomSROWNIRFIGHeBed wit h phospho- ( Ser)
14-3-3 binding notif antibody. Conmparison to untreated cel|ls shows
themeffect of  tredtiBed? —oiPRHE IHaRDER/ M apediarcHln epryiagige LC-

recogni zed b M?’/W : 3 Hdrer tad) @?p‘e' ' Fi g.
30 -gdepi ct sya %@%&iﬁ%e%é?%&?“&ggﬁﬁee 2%“%2’%%’??%5“ °
i sol at ed flom fentativalysassignedio & mubiply pleesphasylaisdwepiide Foguihe 29)
with i mobiliz - 4= 3- Lndi ' ' g
al pha- cyano- 4-'&%%%; |%ﬁ@$§:%géfbg%a@aﬁ%]?ﬁi %{B%bb{)%?ﬁgf §|’h‘8%£%a?(d$? 13,51

| abel ed with shephate grophssiidudralliesesf qnep twales thipealtesphitel grdupd ish

circles corresporag to nonghosphoryl ated peptides, and peaks | abel ed
with 25 squar'&&ChY BPREFREt abl e- deconposi ti on phosphopepti de

products. Fig. 29 — depicts a Western blot of COS-1 cells treated with Insulin
15  and an analog of cAMP and probed with phospho-(Ser) 14-3-3 binding
motif antibody. Comparison o untreated cells shows the effect of
freatment on the humber and level of profeins recognized by the phospho-
(Ser) 14-3-3 binding motif antibody.

y Fig. 30 — depicis a MALDI-TOF mass spectrum of modified
20 pepiides isolated from a freated COS-1 cell extract (as shown in Figure
29) with immobilized phospho-(Ser} 14-3-3 binding motif antibody, using
alpha-cyano-4-hydroxycinnamic acid as matrix (top panel). Peaks labeled
with stars are phosphorylated peptides, peaks labeled with circles
correspond fo nonphosphoryiated peptides, and peaks labeled with
25 squares are metastable-decomposition phosphopeptide products.

Fig. 31 — depicts various chromatograms obtained by LC-MS/MS
analysis of the modified peptides purified from a treated COS-1 cell
extract (as shown in Figure 29) with immobilized phospho-(Ser) 14-3-3
binding motif antibody. The top panel shows where survey MS scans



Fig. 31 - depicts various chromatograns obtained by LC M5/ M

anal ysi s okyd soemagi fied peptides purified froma treatedpEeasik/eel
extract (as shown in Figure 29) with i bilized phospho-(Ser) 14-3-3
bi nding notif anti body. The top panel sh & wher e survey Ms scans WO
03/ 000931 PCT/ US02/ 19480 -17 were collected (the y-axis value is the
hei ght of the tallest peak in each individual spectrum, and the
second panel shows where MS/ M5 spectra vvere collected (the y-axis

value is the sum of h hts, of all ks in i ndi vi.dual
et um Tho et Faleores R - eisalg (R TIett S HEe R Reak Ihgath o
| oss of 49, 321nﬁw:@:fé§‘ sﬁéctﬁlm)' %E‘%ﬁé ‘sé@éryd pHRsl sHEWS Gk M@MS’S@@E‘N@

val ue is the height of neutral -1 oss 1on). The peaks in each

chr omat ogr am awere a@l@lc&tﬁ Wﬂ@ ¥reedseratue i he syionel the Wﬁs plal pesitsdns.

Fi 32 - depi [ t

unger go neut Iroa%@oﬁd%) o ngé?tﬁjmigﬂl@gﬁ% fgﬁ’;? gs}?ltsf s ‘5518%?3 @Mgﬁlretégﬂ
10 such as jrasseutpddegshait4®, Gart, end Zmdesmctmstwwde needead (ibaksaxis

e VY VB spoctAlS s B R A el Ga i T i B0f D 1

di fferent sanpbg@maograpl seAabdiediviith Pabsphespdriving Ihsdtruihusibesad.r at e
motif antibody (Figure 26) (left panels of this 15 figure), the other

prepared w th phosphiy. 62erdeplids Prépditiag onthemiptities &1 Wepd vhé&ived e
31)™(right panels of this fi ureég I n add%iM nto érﬁ%m nent

neuttal - | oss |BH@VQPH@U§'B|§'€FQ§UH ey bty %@Bﬁh’ﬁ OMWNGR FdFUBH i n
common. Inﬁ‘ge SNt hS ﬁaa%éepﬁcﬁ‘ﬁﬁﬂf@cérﬁeﬁt%ﬁ&%@ﬁ@ﬁbér@eﬁé@% geskd mahear e

pr esent oth sanmp to simlar induction conditions and to 3
20 overl appi ng[\%@[ﬁs@?@lﬁﬁgrﬁn@@iﬂﬁww aftgwediles used for

purification. Fig. 34 - depicts an LC M5/ MS spectrumof one of the
modi fi ed peptides PigkBBiederielsdva MPdA? speetmsaaquiied dusingribe LCt as

shown in Fi gurﬁ/ls@ r?rMi#S?s laﬁﬁ?zﬁ itrb A sQn‘i‘:%?é\%g?né gﬁéﬁar%&w@ﬁp%bﬁﬁb g

notif antibody spectru to's
| ow-i ntensity {Bafiie} ARsubstrate metqﬁ@mmatys(ane%jZ@mes‘t panals olithis

spectrumtosa ﬁ&f’r@ﬁ'}ﬁé %{ﬂe@%}epared with phospho-{Ser) 14-3-3 binding motif
antibody (Figure 31) (right panels of this figure). In addition to prominent
neutral-loss ions, the spectra have another prominent product ion in
common. These specitra are thought 1o correspond to peptides that are
present in both samples, due to similar induction conditions and to
] 20  overlapping motifs recognized by the antibodies used for purification.

Fig. 34 — depicts an LC-MS/MS specirum of one of the modified

peptides purified from a treated COS-1 cell extract (as shown in Figure
29) with immobilized phospho-(Ser} 14-3-3 binding motif antibody.
Portions of the specirum were amplified to show low-intensity product

25 ions. Sequest assigned this particular spectrum to a phosphoserine-
peptide from heat shock 27 kDa protein. The peptide sequence and
pertinent Sequest scores are shown. Peaks labeled “b” indicate product
ions that contain the amino-terminus of the peptide, and “y" indicates
product ions that contain the carboxyl-terminus. The number following the



pepti de from heat shock 27 kDa protein. The peptide sequence and
perti nent spequeabzScores are shown. Peaks | abel ed "b" | ndpcat®2/19480
product ions that contain the am no-terjinus of the peptide, and "y"
i ndicates product ions that contain tHhe'tarboxyl-term nus. The
nunber follow ng the WO 03/000931 PCT/US02/19480 -18 "b" or "y"

| abel indicates the nunber of peptide residues in that ion.

Doubl y- protonated |ons l.e., ions with acharge (z) of 2, are
| abel ed ' T/ DESCRI PTI ON THE | ccordance
with the pr eseﬁ’t of i@%@lmﬁilcafﬁ%#@ PEnpe o‘%ﬁlﬁ’é’g’g resg %Pe%‘@rt #LIRBt hod f or

i sol ating a moghisigPrit8RhledfofsIeR! V6iSE Wt BIchaRRS{z) of Raae! ;abéteaa«LJ-y
nodi fi ed protein) om a conpl ex mxture of peptides, such as a

digested cell lysate. In general, the nethod conprises the steps of.
(a) obtaining a protei naceous preparation froman organism the

protein preparation conprDefAgerDEsERietioneFtiHEdRvENTION t WO Or nDre
different 10 proteins; (b) contacting the protei naceous preparation

with at |east one Ih@é@&*dahé@dwmﬁefpréwnt mveﬁtmltm:e @ptmbwlm and

c) isolating at | east one nodified tide spe bound b
§h)e i mobi 15 geepr@ﬁ@hraewdfﬂr epeang@wg&f’%ﬂ REpY éﬂeﬂ& ﬁ%‘b@iﬂﬂ%tm Yt he

met hod further %ﬁ;&grdn%ﬁ?n{d&?é&;%temffrdrﬁ)a cdmsiag hikilird egoéﬂaaeélﬁeh

pept i de(s) iso I n st etp nass spectronetry 5( . tandem
spect r omed¥ § digestavsyel !smt;eom %@fﬁfaﬁ'@l rvgﬁhed compsisks thesers afent

metfod. In an @psptaﬂgﬁ & rsglrgaﬁégﬂg BRaratdimdd SH\ahish, 4 BRReiR

met hod for romacrrp X mXxture
pepti des, the prep&ﬂaﬁdncnnp:msmgmoﬁiﬁed pepiidesiom(tep armeererdiifreat

pr ot ei nacegus N..2Q. from I i i
pr ot ei nace ‘%P g?f"‘@%}%‘iﬂ? é’g&eﬁ}?gggﬁig}gﬂ?y?%{é’g‘ @F%ﬁf‘? &R A® nor e
di fL er en]t pr otmm@blhz(é@i) m?diﬁiba@ciri Qgemﬁmntﬂuodymma(ne)mﬂmtmgeﬂéemt iooB
with at 'l east one._i i ze t ext ent
antibody that BPEEd Rembes oeambonBa Ry he et RUSHOR A o
am no acid; (cp)iiae p*eférgecﬁémb@amemaemﬁ@@ﬂnﬂwﬂcdmp%eetmuépcal ly
bound bythelmmblllzed anti body in s&p % (Hg
of {d) characterizing moditied peptide(s)is !ated in step (c) by mass
15 spectrometry (MS), tandem mass specirometry (MS-MS), and/or ms®

analysis, or other equivalent method.

In another preferred embodiment, the invention provides a method
for isolating a phosphopeptide from a complex mixture of peptides, the
method comprising the steps of: (&) obtaining a proteinaceous preparation

20 from an organism, wherein the proteinacsous preparation comprises
phosphopeptides from two or more different proteins; (b) contacting the
proteinaceous preparation with at least one immobilized motif-specific,
context-independent antibody that binds a motif comprising at least one
phosphorylated amino acid; {c) isolating at least one phosphopeptide

25  specifically bound by the immobilized antibody in step (b); and (d}
charactetizing said modified peplide isolated in siep (c) by mass
spectrometry (MS), tandem mass spectrometry (MS-MS), and/or MS®
analysis. In a preferred embodiment, step (a) further comprises digesting
said proteinaceous preparation to produce a complex mixture of peptides.



characterizing said nodified peptide isolated in step (c) by mass
spect r omet kYo (A)e31t andem mass spectronetry (Ms-MS), and/ ectiiS/19480
analysis. In a preferred enbodi nent, steﬁ (a) further conprises
digesting said proteinaceous preparati© %fo produce a conpl ex

m xture of peptides. WD O 3/0 0 093 1 PCT/US02119480 -19 In anot her
preferred enbodi nent, the notif of step (b) conprises all or part of
a ki nase consensus substrate notif or a protein-protein binding

notif, or consists of a sing|le phosphoryl at jno,acid. .In sone
preferred embo ﬁ’%‘?ﬁ’@fp r%e‘?rﬁgﬂ@”&r&’ttﬁﬁrm@gﬁgg%e?e(b? ﬁ%mpﬁs%%%'g%f
(e) utilizing aaReABUNMAYADHRENSWS SUBRRLENHIOH! bya BRItE-jroRirs biRginga
obtained for the isolated, nodified peptide during t

! i g the
charact eri zat i 8wlibfor C@ﬂé'ﬁfs(@c)a $ingls RheePRpate& amFIo a8Cilnown pept i de
sequence, thereby identifying the parent protei n%s) of said nodified
pepti de. The net hodirbsornaprefaedenthrdinamscbernatheds firthes capprise the

modi 1 ed pept iS58 0P AREHERS SEAERBEGEEH cRta R Riaigr bl okt ent
T Tothod 15, herotor o ok bl bt oo e (o oeel | wi de
or organi sm vm 8{9}3 @?@ﬁﬁh%gg‘%&%&%ﬁ ?J@Pf’vgﬁ)ébgggts\gggg%é?d ﬂ?esreﬁgadi |y

aut omat abl e. Thaentilintptheaddrenigrofein(spafsaid enodiffedl deptilapi d, cel | - wi de

profyling of nodification states, such as phosphorylation, of many
di fferent proteins Theadthsd otiklinmntbhwndb(es. the simglt-sepdedaiiat {gndas

dt f || f1 Qi .g. | fluid f
heal thy  onganPaRyedept prerepearatar ot omiude chistepanerttied reidsiar os
may be 20 advagbaegmiding REPhRyRGdd bf differei feddrreiChroRifogdsd sifhemry

anti bodies bind short, nodified notifs, conpri si_n% one or nore fam' no
aci ds i ncl udi ngatharavsewih agiglegaiibodyy Thednethediis TeRERReS BRI TOf s

1 e desl it £ s TSRS o

notif occurs i iple’srg g
Mot i f - speci fi c slatemtasstis rem@lps@utmmtagm Thednetbod alowsdpr exrmplige thicon,
and their appl i.g85T QhSyRESIEARG JrRfchifidhabR htes, such as phosphorylation,
of many different proteins in a tesf cell or fiuid {(e.g. a diseased cell) as
-compared to a reference cell ot fluid {e.g. a normal fluid from a healthy

organism).

Motif-specific, context-independent antibodies may be
J 20 advantageously employed in the disclosed methods. These antibodies
bind short, modified motifs comprising one or more amino acids including
at least one modified residue in a manner that is highly independent of the
differing protein context in which the motif occurs in multiple signaling
proteins within a genome, Motif-specific, context-independent antibodies,
25  their production, and their applications are described in USSN
09/148,712, Comb et al. (WO 00/14536), Genome-wide profiling of
proteins using motif-specific, context-independent antibodies is generaily
described.



09/ 148, 712, Conmb et ah (WD 00/14536). Genome-w de profiling of

prot ei ns usiowg/wmti f - speci fic, context-independent anti bodCEESI289450
generally described. WO 03/000931 PCT/ US02/ 19480 -20 The isolation
met hod of the present invention represed®-a significant advance
over conventional nethods for identifying nodification sites in
proteins, particularly with respect to the following: (i) the nethod
is useful for biological sanples that have not been, 5 or cannot be,
radi oactively | abeled; (ii) conplex m xtures of peptides can be

resol ved in a si ngl Brsseltionmeetned pkifeprasenidevertion "?PP?@BWS(%d costly

purification bﬁéfﬁ?ﬁarﬂ%ﬁﬁ%@ Pﬁer(édn'v)anﬁ&w%i H%’tﬁ&?sl t#] xq modmcatlon

af finity-chromatography us I's nore speci

met hods, such smsllMQCDtesnsnpartloullapiymﬁdilréﬁmtti@tlmimdlovim are purl f| ed,
and unrmdi fied peptides do not contam nate the purified, nodified
peptide fraction, efpthenhethadhe vesdai forbidleyied! sainpesthet have not been,

h h | hod ifi | | i |

Do tyne of hﬁﬁf%ﬁ%gé?ﬁésﬁaﬁt?@cw%@&éeﬁ by the Bitini t parification,
h f

Lsed 1o 1 so ate. prodbremERR TSyt RenfR 5o dseh o B B ariREeh

peptides (e.g.amhpephiyd a6ed eorepmdlpbnd ogsthepiriidation oafordangiysisf | ed
using a general protein nodification antibody for phosphotyrosine,

etcry; (v) since thgi)mms h@qd@utﬁ&&@dﬁ@ﬂy@hﬁdrﬁbﬁo@r@jﬁymﬂuhuarﬁrr@e@ 20
interaction, it does not have to be adjusted as different sanples are

anal yzed; (VI ) Skecdficthap gishiag ”ﬂﬁtﬁ%q%ﬁi-’%“ £ IMALs SiNeg Proredtiedsol at i on
met hods  ofg haﬁéﬂ@e@%%ﬁﬁé@la@]dﬁﬁmm@é ptRfeRlR st nfdhingtd e and

co-eluting wt bound ied proteins is obviated since peptides,
not proteins, B ezl5rrmsiiﬂf|efdi reptidadestien iyep whaiethereuesalt lenghdfpgotein -
elimnatesthe[l? Feﬂ ﬁwted with the non-specific
co-isolation o‘r) proteins ot r thén t he

(Iv) the method specifically isolates the type of modified residue
targeted by the affinity purification, thus, from one complex, unpurified
15  mixture, the method can be used to isolate predefined, non-overlapping
-subsets of modified peptides (e.g. phosphotyrosine-containing peptides
can be purified using a general protein modification antibody for
phosphotyrosine, etc.);

) {v) since the method is based on a stable antibody-antigen
20 interaction, it does not have to be adjusted as different samples are
analyzed,

(vi) the recognized problem with existing protein isolation methods
of having non-specific peptides or proteins binding fo, and co-eluting with,
bound modified proteins is obviated since peptides, not proteins, ate

25 purified; accordingly, the present method eliminates the background
associated with the non-specific co-isolation of proteins other than the
desired modified protein; and



desired nodified protein; and WO 03/ 000931 PCT/ US02/19480 -21 (vii)

t he met hodwbassewpl er and easier to use than existing netiumssoz/1zasd
is, therefore, particularly well-suited to high-throughput automation
and reproduction. As used herein, the fé&¥fowing terns have the

meani ngs indicated: 5 "peptide" neans a fragnment of a whole protein,
e.g. a protease cI eavage fragnent, having a sequence two or nore

am no acids long; "nodified peptide" neans a peptide having an am no
acid sequence conprising at |east one, but alternatively nore than
one, post- transl at(v@riae|r§;eth@di13$i@wlearﬁnﬁl@a§@rdo upg thaskexping msthodsot

limted to), %’gﬁ‘ ne,
phosphoseri ne pﬁhosp%ﬂ#ﬁr eon| e, g?@gelr?qgc Tat ed am E?ﬁ%ﬁf
such as acetylaﬂcy@pn:ejuctmndl fied peptides may contain nultiple
nodi fied residues of the sane type (e.g. two or nore phosphoryl ated

resi dues) or may Cch}g% 8%%;{@%1 rri i & ro1BRM t’eﬁ"ﬂiéﬁé{e ﬂ"réer?leﬁ %nggfrﬁc%étgue)

type (e.g. a phosp ési due an resi

"conpl ex mi gxture of
m xt ure of a pl ur al P€§€%‘%‘ q’ﬁ%@”ﬁﬁ?“‘%@%&%es cﬁ@%gg B (#%% Wwo or
more di f f er endlepapentagmeitichadng Bygeqaahts/twanot mdregmina dcids tinig; ed
and unnodi fied peptides; 20 "protei naceous preparation” neans a

preparation of pr Ot"ﬁ‘id?tﬁi‘leir!ﬁémtie" pmah'edme;ﬁidemaomg aT amiyreeadie! | s,

ti ssues, or biological n r urified or
purgﬁfl ed (e.g.8 CW%@C‘E)PBWH?WW%@ESWB? ﬁgfgﬁ%’a@wﬁﬁ@ etﬁéglopeew act
a proteol ytic t?ﬁzﬁ.%bnaﬂ%#ﬁﬂifﬁ'ﬁhh‘ﬁeadld kier: ex=anble gogbrot NRqAted t6), Bat ur al
or reconbi nant anti body, polyclonal or 25 npnoclonal, derivative or

fragment tier é?ﬁOSPhﬁ@iﬁéﬁ l@@"F%EC'dFSéﬁh a8 (RPN EPSITS, P 1OPPIRARERESOF
 modi T catl or- apRehbifedilhe b@daﬁ adRARHINAG AR lich BllacBlypiait

| east one nodi am no aci either alone or as pa a nodified
not i f modified pepiides may contain multlple modified resndues of the same
type (e.g. two or more phosphorylated residues) or may contain multiple
modified residues of differing fype (e.g. a phosphorylated residue and a

15 glycosylated residue);

“complex mixture of peptides” means a substantially unpurified
mixture of a plurality of different peptides corresponding to two or more
different parent proteins, typically including both moedified and unmodified

) peptides;

20 “proteinacecus preparation” means a preparation of proteins and/or
peptides from one or more cells, tissues, or biological fluids of an
organism, whether unpurified or purified (e.g. IMAC pre-purified), for
example a crude cell extract, a proteolytic digest, serum, and the fike;

*antibody” means a natural or recombinant antibody, polycional or
25  monoclonal, derivative or fragment thereof, including Fap, Fan, Fany2 and
F(v) fragments;

“modification-specific antibody” means an antibody that binds at
least one modified amino acid, either alone or as part of a modified motif



WO 03/ 000931 PCT/ US02/19480 -22 conprising nmultiple am no acids,

i ncl udi ng wogemnewal nodification-specific antibody or a pCT/US02/19480
notif-specific, context-independent antilody; "general

nodi fication-specific antibody” neans arf2ant i body that specifically
binds a single nodified am no acid, for exanple 5 phosphotyrosine or
acetyl-lysine; the termincludes, but is not limted to, a
notif-specific, context-independent antibody that binds a notif

consisting of a single ified am nqQ acid; "notif-s i fic, .
cont ext - | ndep ST DBl AiHeARta MG PP TSt rapaeify
recogni zes a siifibbd@ Bn@FspelRt! forfibhdaddnteftamcayng 10 1 to 6
i nvariant am no acids) conprising at | east one nodified amno acid in

a manner that is hi gj@niéréiW&ﬁﬁ‘dﬁ%ﬁispgﬁiﬁb%ﬁaa%yg%@&ﬁdaﬁgﬁﬁm%at

surrounding (flanking) the notif in the peptide (he. it recognizes
the nodified speclicalihbindsp single mndiiaskamingeqnid.desexammgi ch it

occurs), b Lia, L)l | ty r

the unhodi B ed aPHESFoHES, &t Rysite: RIS ERURES, bitTs npEpRTd S
anti bodi es, whiofif-spenifigncardest-iplepaideny apfibodydpei bivds amepifapasiating
within a geno& thatl con&.w the target notif, has been previously
described i n (Siagleodiigy EIN8SE supra.): the antibody may bind
a notif consisting pf

singl e dif.ied amn id er a tjf.
cqnﬁri sing nultiple rﬁ?ﬁ?ﬁ?eﬁgpdgg'ﬁﬁ’étl”ﬁ Q@rggpg?%gﬁdyoﬂ@aﬁﬁ%%f%@gg%
am-no ?ci d ge;tﬁgt s”déciﬂ@ﬁ%{ ﬁidogﬂ{ze_@ dfmf@nmm FoSif amsair@a?mfgmmg) ;
parent protein” neans, the protein(s) fromwhich a giv eptide .ls
(or potentital 1M @)”V@E?PWH,”U'%‘@EHE}P_@EH 'e??ggﬁ?qﬁocﬁg%‘f? o acid
conpri sing at ih%hnﬁé}%aﬁathigrﬁ%we@ahayﬁldftlﬁ@é@;ﬁdﬁ@@d @BQuence
phosphoryl ated am no_aci d; and 25 "protein-protein binding notif'
nmeans a short ,sufswintinadaeling) hrdpotifiie diepadidg; (adl racegnz8e g on

Dt e Po Jekfed A FFeRS Rifinokebeo Bt fododeheainas
domai ns, and timd subkiantiaky 1©8000I2e PepitsE wedaining4le unmodified form of the
15 motif; (the production of such antibodies, which recognize a plurality of
peptides or proteins within a genome that contain the target motif, has
been previcusly described in Comb ef al., WO 00/14536, supra.), the
antibody may bind a motif consisting of a single modified amino acid or a
mofiif comprising multiple amino acids including at least one modified
) 20 amino acid {(e.g. all or part of a kinase consensus substrate mofif) ;

“parent protein” means the protein(s) from which a given peptide is
(or potentially is) derived;

“phosphopeptide” means a peptide comprising at least one, but
alternatively more than one, phosphorylated amino acid; and

25 “protein-protein binding motif’ means a short, modified motif that
mediates signal transduction protein binding 1o a target protein, for
example, 14-3-3 binding motifs, PDK1 docking motifs, SH2 domains,
phosphotyrosine binding domains, and the like.



-23 The teachings of all references cited in this specification are
her eby i ncerpmreatosd herein by reference. Further aspects, pauvsmiiages
and uses of the invention are described i nore detail bel ow

Pr ot ei naceous preparations 5 Protei nhacecus™ preparati ons cont ai ni ng
conpl ex m xtures of peptides for isolation of nodified peptides
according to the nethod of the invention nmay be obtained from any
desired organism For exanple, the preparation may be obtained from

o o< T b SPBP AR BBl Db SRR et
I n anot her pr efgebgthaibadidemireint fieref@an®d. AuftheR aBpE&ES; adptdrihod

can be applied to a proteinaceous preparation from one or nore cell
types or fl ui dceRARPES! ieirasgoRr aentiassiibsd damasmdetal levnaceous
preparations may be obtai ned, for exanple, by growing cells in
tissue culture_according to standard nethods, harvesting the cells 15
from cul ture nBERISNAFEOUSIEPFEA SN, and | ysing the cells by

soni cation or other standard nmeans of disrupting cells.

Pr ot ei nacecus pr epa? RIFBREMEPIAPABlRE SHIAPRSLUNRIEE MFLFDPh tissue
sanmples. In a ;Eérglfol%é g&dissia‘ﬁ&ﬁi bf‘ﬁﬁHiﬁeﬁfbi%gEfaéég&ogé@QHé ;hé rr?eﬂl?ch@ﬁfﬁe

sanpl e. These s | pieces of living tissue, typic wel ghi ng | ess
than 20 500 mi inveRjican®ay deobizinesd fram et dgsifedmrganisor. Fancsanaledthesed

dirgctly wt ' | ture . T S S L VE
tissue allows h@?é%)g%{tﬁwarﬂ%* 9%%%1?@]”&%8 cg[gai‘ Q%?é{sflgﬁés'o%pwgaf ?lé"gue
wi t hout i nt r odplenisg parasités dbsecld, atmarayaky: irse pesfered @nsieafimeoie thd
growth in lture.. Any desire ell . type.fraoma gi.ven ni sm ay
be uti1izel) FPARTHE SMAPR) MaqterSErresefhalimgtdby Madel & o
etc.) may be cahtmiaadThe nidthad ol bbyapbliepiya brotshadsouppripai=tdnvidit
roles in cancer. Neural cg{yl S liﬁﬂ@@ are available to characterize

protei ns i nvol Y&IPT MORRGILYPERE iSgPlgsEervad Lo ZNYHEgaRIEMY: ur ed or

obt ai ned by bi PRAMnECIUSHEpMEAbRS Ry HevaliRed] mrbhgnfm,rﬁf}@bwing
mechani snms of fat deposition. Proteinaceous preparations fromtissue

VWO 03/ 000931 Peetielstiosuagiyre according to standard methods, harvesting the cells
15 from culture media by centrifugation, and lysing the cells by sonication or

other standard means of disrupfing cells.

Proteinaceous preparations may also be obtained directly from
fissue samples. In a preferred embodiment, the tissue sample is a biopsy
3 sample. These small pieces of living tissue, typically weighing less than
20 500 milligrams, are taken directly from an organism and used directly
without growth in tissue culture. The use of such living tissue allows direct
analysis of the biclogical siate of the tissue without infroducing artifacts
that may arise as a consequence of growth in cuiture. Any desired cell
fype from a given organism may be utilized. For example, tumor cells (e.g.
25 from breast, prosiate, efc.) may be cultured or obtained by biopsy to study
proteins with roles in cancer. Neural cells lines are available {o
characterize proteins involved In neurotransmission. Fat cells can be
cultured or obtained by biopsy fo study profeins involved in the hormonal
mechanisms of fat deposition. Proteinaceous preparations from tissue



-24 sanples may contain peptides or proteins fromnultiple cell lines

or types. wWoosdehsti on, cell lines with specific, desirabPeTfiged19459s
coul d be engi neered genetically, e.g éz? overexpress a protein
t hought to have an inportant regul ator‘y ole in a specific pathway,

e.g. cell lines overexpressing Akt 5 protein. In other preferred
enbodi nents, proteinaceous preparations are obtained from bodily
fluids, such as serum wurine, spinal fluid, or synovial fluid.

Preparations from Iood sa al so be whet her cel | s,
e o eryt hr ocyFEEPIeSTaaY FoBl Rargaes Coprotes BTG PNt BBLInSs or b

preparations affa@itich, 2ed ikys fAtpREaEIH: NRidtalk foalPef cluld W erfihdetednd
ti ssues, by sonication, hom)genl zation, abrasion, enzymatjc

di gestion, or geesticely, sgs thPyarewpiess a reaielt ought ieeavistamtnpaitasd t o

(e Col L L EAREACR RSOy S5eh e etotpEsii A

and soni cafi oprdiein. bthet prefdriest emhodxmehnés MQ’@lnwdou@pmnMam dre

suitably 15 enp ed. . Pr I, n ou ns_for n_the
rethod of ¢ he BPRYER T SRaLGAFES P S, e RinatFEid.br oy
the i mnoafflﬂu'ﬂyPrep%%t&inlsCfmrﬁbmd egm’asd dis0 be ichtpisw) Weitar
serum sanpl es direct]y ana%%mel This allows | ess sanple

processi ng, P%Ji% ?fﬂzﬁéﬁg’&;ﬁe{sh@@ MRY&Y FMatdent i f i ng | ow | evel

nodivf i cati ons and kes, it less lik 20 that fractionat,ion t hods
wi [1 bias or skew rTﬁ@"?ﬂF‘B?@QL@ RFPay >@§9¥$ AEshelpined bysstpdrid methads,

modi fi cati ggs. eE‘?orrE‘eﬂé ﬁh& 1630 By Bohlcatsn q%rhoééfﬁfét@n éWasWW' e,
fromtissue culture, bi opsy, of serum), a partiall fracti onat ed

| ysate (for exéﬁa{f@a“(‘adlgﬁtm 9f wﬁmwbﬁpwmtmeweaﬂgéh@meébod or a
known and well lﬁge gﬁ(tﬁﬁ%%é'o?\% thb & co?ﬁ?ﬂ??l&%eé@m‘ Hal's éd?r‘ ic cell

modi fi cation reactlo rotein rfrcatron enz
al | oned to reabweneidh enzgmatic tysisefos 0Bsterlat ebraplomfet pisht oﬂw@n@r i f

o pr of ei ol SHIMEUOTLEE LA A o ofi i dSfed fishous MaPBsBurably,
st andar d n&$ hodmplmreg. Ptr;temanecnisf;ugaaxannnstﬁ:rrlmmnéh@mdﬂhnd)ofymes 30

glr E){ 2|Cﬁ2 tr IO]; ugantvgg oﬁ[ Seéc? not be g)?teil'aé‘%ver p(ljJ%Ped pngln % tﬁgtir%?nku%oaﬁlty

isolation step. For example, urine samples or serum samples may be
direclly analyzed. This allows less sample processing, which increases
the likelihood of identifying low-level modifications and makes it less likely

3 20 that fractionation methods will bias or skew the profile of experimentally
assigned madifications.

The mixture can be a crude cell lysate (for example, from tissue

culture, a biopsy, or serum), a partially fractionated lysate (for example, a
highly purified membrane or organelle), or a known and well-defined

25  composition (for example, an in vitro modification reaction, that is, a
protein modification enzyme allowed fo react with one or more substrate
proteins). However, if desired, simple purifications may be carried out to
remove non-protein elements and/or non-signaling, structural proteins by
standard methods, e.g. by centrifugation to remove erythrocytes,

30 ultracentrifugation to remove cellular debris and cytoskeletal proteins, or



WO 03/ 000931 PCT/US02/19480 -25 by treatnent with cl ass-specific
enzynes su®i® B&HBL| eases to renove DNA and RNA. I n a prBEEUSRE80
enbodi nent, the proteinaceous preparatio Is"a crude cell extract or
fluid, which has not been extensively purified. Preferably,

pr ot ei naceous preparations are obtained so as to 5 reflect the
baseline, in vivo activation state, e.g. phosphorylation state, of
proteins in a given cell, e.g. a breast cancer cell: However,

pr ot ei naceous ?p{e ratlo S g%¥ be .obt ai ned fr%n1cells or_.,organ

pre-treated w HRPeymas FeNENHEIe#Resi tad ove'

culture can beDWRI\W lsh a%?@ﬁéh@ﬁ'énlﬁwﬁheﬁﬁ fispitathbfediis p?&péi@ta@n
acid, which broadly elevate 10 cellul ar phosphoprotein |evels

i nhi bi ting cel @ @ldgHeY eripgkardluid, Rf"t'@?h%ﬁﬂ‘?@%ﬁn extenvve! M@Pﬁfﬁ@f
narrower and nore specific set of phosphoproteins in_pathways can be
i nduced by treat mentreigteRly, ﬁfﬁtﬁlﬁﬁ@%OUW%Q@OE%ﬁ%@hﬁlﬂ@r%ﬁ/@iﬁtﬁ actor,

that activaje CHBRAN Bl A% oRRMRY SR, 837 IohEEpGIAbS Qi

treated with drugs or i ous agents, cts o ‘?hese
treat nents canpivéeiey &l a@l\am dofl, egobdreany cancbr cellaHpwiengr, ppefeinticeous

bept | des.  the BebpiReain B BPBIATLIOR Al BreBeRiEb Revd g

variety of difiheuess. Ebpémmpie, talls gtowndt Hsbusl ¢:.htuae eaxh betdxposed to
pr.otieol ytic e e rea ent. Any

n n.or chem.cal. 20 cl :
SUitabl & enzyngtaisalsyitiehdis SNLRor PEaYS GoIdarpEet B S eous
preparatiopp (i c@}uimﬁsﬁh@m@aﬁlﬁa&re&%mnmﬁ@ dénula@rpﬂbgpmhsémy be
enpl oyed, for exanpl e endopraotei nases

chymot rypsi n %ﬁ%l’nﬁﬂ‘é@!lfnﬂ 9@nﬂderahlyw%w\éé@nédn@@bwﬁ@rﬁet ofhe enzyne
I's trypsin. ﬁ’c%zjhbﬁgbte@ éth% Wickh HeliRd Red By ﬁeﬂaﬁé WAL 25

proteol ytic enz rr|e out yi el d 'smal Ier peptldes

suitable for lmrg'sameaucpfbﬂ%epgdeanallgrgw& feetay, thap aplivaie seddin signalingo
am no_acids i ”path%?éfbgjanlnﬁécaﬁ Bfsobe rtF Ld Whrﬁ?@&’g% Jﬂbﬂ?%@éﬁ’t@ of
carried ou

proteins may be n an enzy |c solu
pref erabl el o akdjthet effduis obﬂm’serkmatm@ﬁs can@saa‘\muam@ bwiigdtatingrastsd | | zed

proteolytic en§|¥ar]§zsmé espg(':iﬁc fissues or fluids from the organism.

To obtain a complex mixiure of peptides, the proteinaceous
preparation, which contains a great variety of different proteins, is
digested with a suitable proteolytic enzyme, e.g. trypsin or chemical

z 20 cleavage reagent. Any suitable enzyme that yields a significantly
digested proteinaceous preparation (i.e. mostly peptides as opposed {o
proteins) may be employed, for exampie endoproteinases Lys-C, Glu-C,
Asp-N, chymotrypsin, and thermolysin. In a preferred embodiment, the
enzyme is trypsin. If desired, digestion with two or more different

25  profeolytic enzymes may be carried out fo yield smaller peptides suitable
for mass specirometry analysis (e.g., peptides of about 30 amino acids in
length or less, for current MS methods). Digestion of proteins may be
carried out in an enzymatic solution, but it is preferable to digest the
proteinaceous preparations with immobilized proteolyiic enzymes (e.g.
30 trypsin~-POROS resin, available from Applied Biosystems, Inc.,



30 trypsin-PORCS resin, available from Applied Biosystens, Inc,, WO
03/ 000931 PTN308D21 19480 -26 Fram ngham MA.; trypsi n- VaPETHSERAS0
avai l abl e from MoBi Tec, Marco |Island, g because they can easily
be renoved fromthe digest by centrlfug ®Ton or filtration before
the preparation is contacted with the imuobilized antibody. If
soluble proteolytic enzynes are used, the digests 5 are preferably
treated with inhibitors such as PMSF or al pha-2- macroglobulin before

t he protei nacequs prepargiion is nta edW| the oaffinity
purification dg E 5’5 i YRR % F‘Ea'lﬁtfﬁ%WPg IﬁSt aHQgr ade
the i mobi | i zegap, FDC)dMed:Bﬂs%CtHé}?éan Bééify%@hérﬁmvdéf@érﬂltﬁ@@@%ﬁby
preparations for use in the method of the 10 invention contain

nodi fi ed pepti eerfrifugation QhB@FﬁH%BBﬁT@I&e prepgAtioRds pntagiadavith theer ent
proteins, and 0 @&8% Sesrof

mul tit ude of d!@pgggiﬁ&aﬁ@q%d& I?ts6 %({jdel naceous pr ep‘%’rgg]t th% digests
typically Sfonas ;nrefaablyrtmamd mthunknimth sueings AMS$E pealpheydpes of

nodi fi ed, as wel| i fi ti . [ I .

st uros my oot RGeS prREREbEaRs pl BRI KhniaBit it the
acetyl at Ih on, n’ﬁﬁﬁ’tuhmﬁ” mtprlmﬂcﬁaﬁbm dayice] % mytrg [br@thalEﬁfcR@‘ilzynmNAHasb’t on,
anong ot hers. ri shna_at,at Vv nzyno el at. Areas
Mol . Bich 67: 9@ ﬂ%‘l E'I’F%q apiibQsy mpleculgSr r . opin. Bi ot echnot

8. 718 23 (1997 | d enbodi t t
pr epar at i o§1 con% ai nBre??%EEhggé%‘BEg%W%ggg%Wfsg?fp 58 'ﬁ%'?%ce%fqde‘i’féh?

proteins. f@corrﬁleﬁww@oﬁtam%od;ﬁ@drabsﬁdég ¥t rpﬁ%s@ﬁoﬁ'@?ﬁdét Q‘ﬁbrﬁ@.@é beles

reflect the activation state, e.g. osphorylatlon state,
si gnal i ng pat hweye difierentgirotehnse AR in wbeaw& gontaily ﬁ@%fﬂﬁ%p@réwéﬁémm de

or cell-wde bﬁ?ﬁlﬁ ubiBYs affe ?é(r‘ltgri‘ré‘@xr% Tﬂ?%ré%ﬁhc@&us %‘a\’ nc’cgpﬂéé“%I es

I n that organi sm eco xture o epti1 de
prot ei naceous pomEplsa ¢<ﬁnp!e§1mxstur% of mnbalﬁéaremietyp%oi/modlﬁe@,caa well a%n

above, rof | oot CtBHrBE PABERE o BiempibrCuonitbadtB m%adf Yopthe,

t he effect15of n‘todﬂ*m:lrtgmho,qpbnryéaﬁanval:eatglat!sn,amemylat on, sulfation,
nitrosylation, or glycosylation, among others. See, e.g. Krishna et al,, Adv.
Enzymol, Relat, Areas Mol. Biol. 67: 265-98 (1993}, Parekh et al., Curr.
Cpin. Biotechnol. 8: T18-23 (11897).

in a preferred embodiment, the proteinaceous preparation contains

3 20 phosphopeptides from two or more different proteins. Accordingiy, these

complex mixtures of modified peptides reflect the activation state, e.g.

phosphorylation state, of signaling pathways in a given organism or cell

type on a genome-wide or cell-wide basis, thus providing a snap-shot of

activation states in that organism. The complex mixture of modified

25  peptides in the proteinaceous preparation reflects the baseline, in vivo
activation status in the given organism or cell line, but may, as discussed
above, reflect activation status in a treated cell, so as to reflect the effect

of tfreatment upon activation status.

In certain preferred embodiments, the proteinaceous preparation
30 comprises a digested biological samplie selected from the group



In certain preferred enbodi nents, the proteinaceous preparation 30
conpri ses ¥@i3goeBed bi ol ogi cal sanple selected fromthe §EHUPINAGHEE
03/ 000931 PCT/ US02/ 19480 -27 consistingpf a digested crude cell
extract, a digested tissue sanple, a digested serumsanple, a

di gested bl ood sanple, a digested urine sanple, a digested synovi al
fluid sanple, and a digested spinal fluid sanple. The digested
preparation may be obtained using at | east one 5 proteol ytic enzyne,

such as trypsi : 0 . ' | V.1 ynme
Rl
enzyne i s sol ubigestedrabrimesasipiiel aldigested blgrepemple; adigesied editeed Wit h

a proteolysis Lnhipitor prior to. . .CO ctjing ste o .
munoa 11 ni ¢y SR8 e deestef bV S s, REe Bied Bhinel it 1
contai ns a conph@pleritikdigestaf prpdidftioamande votantkd isidg peRiastese f rom
a plurality_of different proteins,  is cC ntacte%ﬁ%/ipth an | bilized,

modi 1 oat i oh. BEESIVIE Mo Goh 85 VPSR 1N 2 BHISHRS ERIROGATSE) oh or der
to isolate manyeotddn@obn is IRARILIIERE. RO MEsdrRe smBbdineat ited

for which the inmmobilized antibody is specific. 15 Peptides with the
appropri at e noBioteQWic emzybIeis sositie@ndine srid daasted meparation iatiraated

unnodi fi ed pept i | ] ; Lfigcations do not.
Thus, i mMmunoaf Mtﬁ%ﬁﬁﬁ% @gﬁtgﬂﬁg%r‘él%trﬂ% g%“?%%iggb (§|b§(;| osed net hod
aldo the one-step isolation of a broad range of desired peptides
(ori‘gi nati ng fhomumoFnigy{sqlalieri ns) from substantially unpurified,
20 conplex mxtures_of peptides. In a preferred enbodi nent, the

ant i bodi esl@re covafkaprafeineegais prepargiion.ndhich chpiging @ gemplex mixtira,

Bri of 'y, the oo BOANER e Bmodedontils fofh a3h AT RN bR,
oxi di zed to rewmctariscted dithyesemgnahilzed, wiodticatior-spaefic 26tiwlylean ehi-
bonded Lo e BAEHB-ANEY Ryl £FLONR AR ERUIBLOBEARMY ) = 15
car bohydr at e geontpmirgf thehaodifitationdyr whiehnied imegbilized ahi¥odynit isgedific.
15  Peptides with the appropriate modification bind to the immobilized
antibody, while unmodified peptides and/or peptides with other
modifications do not. Thus, immunoaffinity purification according to the
disclosed method allows the one-step isofation of a broad range of desired
pepiides (originating from different proteins) from substantially unpurified,
N 20  complex mixiures of peptides.

In a preferred embodiment, the antibodies are covalently-linked to
an inert chromatography resin, such as agarose, polystyrene, or silica, by
standard techniques. Briefly, the carbohydrate groups of the antibody
molecules are oxidized io reactive aldehyde groups, which are then

25 covalently bonded to the hydrazide groups of derivatized chromatography
resins. See, e.g. Hoffman et al., J. Immunol. Methods 8: 113-120 (1988).
The carbohydrate groups of the antibody are not required for antigen
recognition, so the chemical modification does not interfere with their
ability to bind peptides. Using this standard method or others, antibodies
30 are attached to chromatography supports at high concentrations, and



recognition, so the chem cal nodification does not interfere with
their abi WMQ8/00¢3bi nd peptides. Using this standard net h8ET/EF02/19480
ot hers, antibodies 30 are attached to chgomat ography supports at high
concentrations, and WO 03/000931 PCT/ U 19480 -28 because the

anti bodi es are attached covalently to the resin, they do not |each
of f the support and contam nate purified sanples. Alternatively

anti bodi es may be i mobilized by non-coval ent attachnent to protein A

auar bse 1 el n. DEAER HEARPRERs BIEHAIRH GRBERNTR S oy B et 1o

i nmobi i ze ant le@@ﬁloﬁ’sﬁhek;memhﬂd RoAtantinatermiréicd sermisy. aseridiaslyi t s
| es ,to agaro ver anti bodi es

to c | ent | I ntib
bt L1 260 1 0SBARRASTAY G IMGRGHIEEH by AT pORE triRe R B SRR g

t hat they can 8 L
ant i body wi th E‘?’é‘?iﬁ e AT oAl o p@losk eain,

condi ti ons Hiseds irargiheepisigstaciembedigiantné 1%\ﬁmn.’»%rd9 lmmméhzetarréibodies
| t ti t
Contact a w HBRIR GURAER SUBRASRATE MBI A

contacted with't -resin;-In el or’co
the antibody- aaémmﬂlwﬂoagawm WHdyrawds antilzodies inhimebilipapta predsin dven

when they are res t at | eyel e..npi e a nt s). For
exanple, in ba?é]ﬁe'f] ﬁg@p0#{%&%&%@5&%@838@9&8%@&{?%9%@ﬁeiuss)ecicoﬁx act ed
wi:t t he ﬁnL | bone, rb@saaséatheihwﬁmmsnfahé hntéwqdy wittdpl]tcdﬁ@naﬁ'ﬂbir pothin G is
resin wt ou en renpved by centrifugatio
filtration} Q'S“R:’A‘I% byﬁb‘ﬁ F @pnsi ysecde efp&pﬁa h‘f’ﬁ& & antibody.

coval ently- I I nW-ﬂénétﬂé BRI Bitivel F pepBaéainad ﬁ%fehia@éﬁ@@ kehakdtion is
chromat ography colum, and the 2Q protei naceous preparation is passed

t hrough t he copmiﬁc’resdmﬁb&be.ai%o@mﬁsm,aa@Ith@!z:iaajﬁh 9B golgyn fgEmat, the
i mobi | i zed ang 185 SR BEbIRR HmEAHLTBepfis, W0sF arRRI RS are

pepti des pass t rou e co ody resin may, in anot
preferred embopiasent at lb‘ef levsis a;m@womqiaamcwntﬁ)cr opi pette tip. 25
Colum size, flowrates, and conditions H, choice of buffer)
are select&l i n accérdgiampla, ihbaich feramat, ’t“@dﬂiﬁ&t{mW?@I’en%&‘ﬂqf‘e@el

contacted with the antibody-resin by mixing as a slurry, and the antibody-
resin with bound peptides is then removed by centrifugation, filtration, etc.
Alternatively, in column format, the covalently-linked antibody-resin is
contained within/packed in a chromatography column, and the

'f} 20  proteinaceous preparation is passed through the column, so peptides that
are recognized by the immobilized aniibody are retained on the column
and unrecognized peptides pass through the column. The antibody-resin
may, in another preferred embodiment, be contained within a micropipette
tip.

25 Column size, flow rates, and condifions (e.g. pH, choice of buffer)
are selected in accordance with standard techniques. For low-level
samples, a substance such as BSA, detergent, or polymer may be added
to the proteinaceous preparation prior to contact with the immobilized
antibody in order to prevent non-specific peptide loss through adsorption.

30 The immunoaffinity purification step may be optimized, if desired, to



sanpl es, a substance such as BSA, detergent, or polyner nay be added
to the prowsi(386WdLSs preparation prior to contact w th thBCTUS02/19480
I mmobi |l i zed antibody in order to prevent non-specific peptide | oss
t hrough adsorption. 30 The inmunoaffinit9” purification step may be
optimzed, if desired, to WO 03/000931 PCTIUS02/19480 -29 ensure
that all nodified peptides in the sanple are quantitatively bound to
and eluted fromthe anti body-resin (i e. IittIe I f any, desired

nodi fied peptide.i oun For nDIar r.ati o of

Tl body ¢ b affire el P Qe peR g saible Fi dlartBi Sy Hond e
of anti body- reéh@elu&éﬁr&ﬁtﬁ@%ﬂb@ﬁy-iesire(;témﬁ&amhF mteaqﬁ@dméte

anti body-resin (including recirculating the sa hr oug

anti body- r esi nPeRfidenaynbpued). FehpeaaRlar edmlaﬁr%tw ‘éfcﬁﬂt@éijB&E@Id@Edt he
inclusion of a es. | y@nt s,

or pol ymers) tﬁgét de\é ﬁ1e an%rg cf?%thg?%%){ ?%rtnl%l ﬁq@&égf ?ﬁﬂﬁa ge?ﬁd%? W th
t he anti body- rkea;lgm ofdtme thensgmplefcoditesits the; ardbordywesin@inolvdingi zed by

the skilled artj:s ac f n In a
preferred emogﬁnﬁ%ﬂ?{mg ﬁ}%ﬁ%hﬁlpqﬁmﬁ@ﬁl O%"g%l%gﬁ reg’ngjgkrd%@dmout by
utilizing a detdnggeratuns ebivhith cmhtamnecwrsnmeénduaoﬁmaﬂdmes@eg|, Balts,
anti bodi es i b|||zed to a rigid, non oro macr gorou resin
o6 phoKaalerdar s, orgrA sollats BF GoVSTrarne ik SaRre iergfion of
di-aneter of 15 gkl feptities 3RE the éhﬁmiyerre%m Wi @iag AP 4Ry caeh BEN'S

of this ty g‘é cont ai ni ngE rever sed- phase or_jon exchange supports are
al ready wi @l yoptigiead byrthe ekiiled ﬁﬁ@aﬂrﬁ%%ﬁﬁ“cl”ﬂ\ﬁéﬁﬁﬁho BEB'!GI’ wgnion.
colums packed with imunoaffinity supports, as disclosed herein,
have not been descrineBreferedambadiment: inmyepalinibrsaiips soareq Aut

i nvention may LRSS -

exanpl e, fused ﬁl ca %%Pﬁgadpﬁg]s%@nﬁﬁgoiyngiﬁ?@@ f?%égg':’ ng‘gfI%s are
drawn to fine anw@dlwmmeblllmcbﬁor@ngtdl AGRPOrOUSt ONtrRacToPprous rgsin

m croneters or l; e
capillaries ar ggﬁfﬁeh %‘3‘%%38 ?Lﬁ%%?ﬂﬁf%ﬂ#@hgﬁﬂﬁgb I:r?\t%ﬁnsd?\r:]ﬂén?éter "
Jor genssonliandabkeuiriédiyp QﬂOemimmreeMNhH@came Qollenmseeiﬁilmmry into
the 25 colum E:Qr'itgllﬁ%h Fe%rs%%g&a%gddr icﬁ? ch%r!g’e%u%boﬁg ar@gﬁéadﬁbﬁ%@em

263: 93-

used, prior to the instant invention, capillary columns packed with
immunoaffinity supports, as disclosed herein, have not been described.
Immunoaffinity isolation devices of the invention may be constructed of
) 20  any suitable material, for example, fused silica capillaries. The ends of the

capillaries are drawn fo fine tips, so the internal diameter at the tip is 3
micrometers or less, using an electronic microcapillary puller. The
caplliaries are then packed with chromatography resin using a
Jorgensson and Kennedy pressure bomb, fo force the resin slurry into the

25  column through the back end. See Gatlin ef al. Anal, Biochem. 263: 93-
101 (1998). Resin particles are larger than the diameter of the capillary
tip, so the resin accumuiates in the column and is packed by pressure
applied through thé bomb. When the packed column has reached the
desired length, the pressure is refieved, the empty back of the capillary is

30 trimmed away, and the columh is stored or used.
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used. WD 03/000931 PCT/ QS02/19480 -30 A preferred resin is PORCS, a
ri gid nmacroporous resin devel oped at Perseptive Biosystens for use
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I L
15 plastic (PEEK) micro-tee fitting (shaped like the letter T). A caplllary line
from the HPLC solvent delivery system is attached to the opposite side of
the micro-tee fitling, in line with the column, so different solvents or a
gradient of solvents can be delivered at low flow rates, typical less than 1
microliter/minute, through the column to elute samples bound to the

\ 20 column. A gold rod is inserted into the third stem of the micro-tee,

" perpendicular to the solvent delivery lines and column, to supply the
electrical connection from the mass spectrometer through a liquid-metal
junction. All three devices are secured in the fitting with standard PEEK
micro-fingertight fittings and tubing sleeves. The source normally used

25  with the mass spectrometer is removed and replaced by a metal platform
that holds this micro-tee assembly. The position of the capillary column tip
can be precisely controlled by making adjustments with an XYZ
micromanipulator on the platform, so the position of the spraying column
tip relative to the mass specirometer orifice is optimized for maximum ion
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adjustnments with an XYZ mcromani pulator on the platform so the
position of the spraying columm tip relative to the nass
spectroneter orifice is optim zed for maxi numion W 03/000931
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colum in an L@%ﬂﬂ@'@%@@ﬂcatlﬁn E@mmrbélz%bmdﬂwecﬁwwstw Eieipats

e B L e L
not bind and are diverted fo waste. The bound samples can then be
eluted from the reversed-phase column using solvents that are compatible
with direct analysis by electrospray mass spectrometry. Alternatively, the
immunoaffinity step can be done off-line, using a solid-phase exiraction

) 20 cartridge in a micropipetie tip, as described below, and then applied o a

reversed-phase capillary column in an LC-MS/MS system. In both cases,
the capillary columns are mounted in the mass spectrometer and samples

are ionized as they elute from the column as described in Gatlin, supra.

Immunoaffinity isolation devices comprising capillary columns as
25 described herein are useful not only for peptides that bind and elute from
the column, but also for peptides that bind fo the antibodies with lower
affinity and whose passage through the column is retarded, extending the
usefulness of the method. These columns would be reusable and have
lifetimes comparabie fo other types of capillary HPLC columns. See, e.g.
30 Gatlin, supra.
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i sol ati on accor met hod of "t he i nvention
capa<31ty, small-volume tips would be used to fractionate (i.e. isolating

desired peptide) one sample and then discarded. Immunoaifinity
separation may also be performed with other types of solid supports, such
as porous filtration membrangs or sample supports for MALDI-TOF mass

20 spectromsiry. See, e.g. Weller, Fresenius J. Anal. Chem. 366: 635-645
(2000); Liang ef al. Anal. Chem. 70: 498-503 (1988).

Immunoaffinity isolation according to the method of the invention

may be carried cut without additional chromatography steps (e.g.,
reversed-phase or jon exchange chromatography). However, in some

25 preferred embodiments, additional chromatography methods may be
employed in conjunction with, and prior to, the single-step immunoaffinity
isolation of the present method. For example, a digested cell lysate can
be applied to a reversed-phase solid-phase exiraction cariridge and
fractionated by increasing the organic solvent concentration as the

30 cartridge is washed in steps. Each fraction would thus be enriched for



may be carried out wi thout additional chromatography steps (e.g.,
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preferred enbodi nents, additional chrona%ggraphy net hods may be

enpl oyed in conjunction with, and prior . the single-step

i mmunoaffinity isolation of the present method. For exanple, a
digested cell lysate can be applied to a reversed-phase solid-phase
extraction cartridge and fractionated by increasing the organic

sol vent concentrat.i on t he, 30, car ri dge I n st . Each
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purification of phosphopepti des | .e., some 15 gﬂfg'él des do not bind

or elute from tpE PRElESIBEBES) it aﬁée]b%ié‘} imp AHRNS ©Yoh @A ch
makes it diffiguiflcation %@Bﬁ@é&ﬁpﬁtm}fhﬂﬁl'ﬁgcﬁ'@ﬂdﬂ‘ thd bar‘ﬁaﬁlﬂl't abl e

for the selective and facile iso I on of phosp ogeptl from
conpl ex mi xt ur@lsosnb@mmeéi resigue, parifisetiomsf a@dls PSP ﬁ@ﬁmabﬁee not
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met hod of the peplislestdo nohdnd Doalute from the IMAC support), and poor
reproducibility (which makes it difficuli fo compare samples)) which render
it unsuitable for the selective and facile isolation of phosphopeptides from
complex mixtures. Despite its limitations as a stand-alone technology,
however, IMAC may be desirably employed as a bulk phosphopeptide

20 enrichment/pre-purification step upstream of the method of the present
invention.

For example, IMAC may be performed at very low stringency, in
order o bind as many phosphopeptides as possible without regard for the
much larger humber of acidic non-phosphopeptides that would also bind

25 to the IMAC support under these conditions. After elution from the IMAC
column, the peptides would be fractionated further by the method of the
invention, which would separate acidic non-phosphopeptides from
phosphopeptides and which would further separate phosphopeptides into
discrete subsets based on the particular residue that is phosphorylated.

30  For example, peptides that contain phosphotyrosine and peptides that
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The use of such modification-specific antibodies (both general
andfor motif-specific, contexi-independent) thus allows the single-step
isolation of many, if not most, peptides in a complex mixiure that contain
the modification or motif, regardless of ithe peptide sequence surrounding

20 the modification or motif (i.e. these antibodies are not “site-specific” and
hence are not limited fo recognition of particular longer peptide sequences
presenting a uniquely-occurring site epitope).

In a preferred embodiment of the method, the modification (on the
peplides to be isolated) comprises phosphorylation and the medified
25 peptide(s) isolated comprise(s) a phosphopeptide. Particularly preferred
phosphorylated residues are phosphotyrosine, phosphossrine,
phosphothreonine, or phosphohistidine. Although the invention is
demonstrated in the Examples using phospho-specific antibodies, it will
be recognized by those of skill in the art that other modification-specific
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sequences WO@HM3Lng a uni quel y-occurring site epitope). PCHU&02/19480
preferred enbodi nent of the nethod, the ﬂ%dlfication (on the
peptides to be isolated) conprises phosphorylation and the nodified
25 peptide(s) isolated conprise(s) a phosphopeptide. Particularly
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ant i body t hat gni zée conprising ast o
phosphoryl p ed am ne, Al Antidi ) utitize antibodies specific for any desired motif

of interest, e.g. signaling pathway motifs, comprising one or more
modified amino acids. [n cerfain preferred embodiments of the disclosed
method, the modification-specific antibody used to isolate peptides
comprises a moti-specific, context-independent antibody that recognizes

Ry

20 a motif comprising at least one phosphorylated amino acid. none
preferred embodiment, the motif consists of a single phosphorylated
aminao acid, such as phosphotyrosing, phosphothreonine, or
phosphoserine. In another preferred embodiment, the motif comprises all
or patt of a kinase consensus substrate motif or a protein-protein binding

25  motif,

For example, in preferred embodiments, motif antibodies specific
for all or part of any of the following kinase consensus or protein-protein
binding motifs are used for immunoaffinity isolation: MAPK consensus
substrate motifs, CDK consensus substrate motifs, PKA consensus

30  subsfrate motifs, AKT consensus substrate motifs, PKC consensus
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and less than ai! of the surrounding amino acids may be varied. For

15 example, one to four X residues may be selectively biased for 1 or

2 specific amino acids, while the remaining X residues are highly

degenerate. in one preferred embodiment, the peplide library is

about 6 to 14 residues long. While one preferred embodiment

) utilizes one fixed amino acid (either modified or unmodified) in a

’ ) 20 varied surrounding context, other preferred embodiments may
utilize a motif comprising several fixed amino acids. Likewise, the

surrounding sequence of the library may be varied at more than

one position simultaneously, or, as in the preferred embodiment,

varied at only one surrounding sequernce position per degenerate

25 molecule, such that a library is produced which is completely

degenerate at every position except the fixed residue(s). The

peptide library can be synthesized by standard Fmoc solid phase

peptide synthesis using an ABI peptide synthesizer and using

mixtures of each amino acid during degenerate coupling reactions.

30 The incorporation of unmodified amino acids at fixed
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surroundi ng sequence of the library may varied at nore than one
position sinultaneously, or, as in the pteferred enbodi nent, varied
at only one surroundi ng sequence position per degenerate 25 nol ecul e,
such that a library is produced which is conpletely degenerate at
every position except the fixed residue(s). The peptide Iibrary can

be synthesized by standard F Iid hase eptide s S _usi ng
o B pent Ldo cynt MG mange rared Rt B e Mol R Sedipe
during degener ate Cﬂﬁ@hh srd?@ﬂ:iéeﬁﬂg argfinEhesidnegr por ati on of

unnodi fied am no acids at fixe 00931 PCT/1JS02/ 19480 -37

positions may be sel ecteg) 9 odidH ® 5%&%@@?@&'& $ep1%§ént%ﬁ@rm%ach
zinc fingers or repeating arginine residues In order to produce

as equal a represen@m@incoRcll asaprssiblipi Ab erdhd dasewﬁm Hasitian, esrveral
degenerate posi tiony, 38y %‘faahte dﬁ%&ﬂgmanacﬂ tcSHr?BglttBHesgﬁrty gﬁ’mgl And
e uct ed.

conposi tion, synthesizing, i de sequencl are’ ¢
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the peptide is cond cte rif .random amin jd.
Feprbsentati on ot ceretsael esTE Retidra Sk PhneRti i ssurivaied Jp
s %ra:c nt EI Inled thrﬁwﬁ? yita ﬁmwmmm mpfrbéematéén@éwhogmlﬁmﬂabﬁ
oneyof ski in the art, tha of rounds, na i.n or
t o-achi eve an equalt ha{j tg?rf%'li’{"%rfel?fesﬁf‘ at'&ﬁ‘] o rg@p&n%q @ﬁ.}ghou?
position. {@) The *'%ﬂl‘ﬂ’qé‘sléj'ﬁ/@ffﬁﬁe%ﬁb%;ﬂ‘@eé iRy GHey of %kmsfﬁd&hésar@'mat the
antigen, preferably by coval ent cou to a carrier.

preferred 15 enbodi4aber, dtejaisds W%é{a"]ﬁeﬁné"}?‘é?f r’iO(RE}N?V%nﬁms?W@d
in Freund's adj Uva”&s’énﬁgﬂ&?gfé’!ﬁaﬁ% &GUPL SbndgRiton. and the coupl ed

peptide library injected Intradernmally 1nto a host, such as femal e

New Zeal and whi t e rabbi t@) TRRGHIIY civak&S bt BRHDE WoWeRs b antigen,
preferably by covalent coupling fo a carrier. In a preferred
15 embodiment, keyhole limpet hemocyanin (KLH) emuisified in
Freund's adjuvant is used as the coupling agent, and the coupled
peptide library injected intradermally into & host, such as female
New Zealand white rabbifs. Booster injections may be given in
incomplete Freund's adjuvant until an immune response is
) 20 obtained. Antibody titer is measured by a suitable method, such as
ELISA against the mofif-specific peptide libraries. Aniisera raised in
this manner may be used in either crude or purified preparations,
as outlined below.

(4)  Antisera from the most promising hosts are purified,
25 for example over protein A, and adsorbed over a J (non-modified)
peptide library column. In the preferred embodiment, the
nonadsorbad fraction (flow through) is then applied to a J* column,
eluted at suijtable pH, dialyzed and tested for J* specificity by a

suitable method, such as ELISA using J* and J as antigen.

30 (6)  Antibodies affinity purified in this fashion recognize



i nconpl ete Freund's adjuvant until an inmmune response is 20 obtai ned.
Ant i body twbatosssimeasured by a suitabl e nethod, such as pd@ETSA19480
against the notif-specific peptide |ibraries. Antisera raised in ,
this manner may be used in either crude ¥~ purified preparations, as
outlined below (4) Antisera fromthe nost prom sing hosts are
purified, 25 for exanple over protein A and adsorbed over a J
(non-nodi fied) peptide library colum. In the preferred enbodi rrent
the nonadsorbed fraction (flow through) is then applied t

colum, eluted at tBayt aap%dq)hbram gt féﬁ@Ftt\'@ﬁtT@GJfWaGﬁ*and exhrbita
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recogni ze WO 03/ 0008stkd PATACISODIcE@HE agail&ttﬁh@ uumog@pd |fd!§n of thedeaygeabut

do not react with the i brary ,exhl . of ..
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of reactivigy agai ngéthblesuitrasELiSx] for mof the target nodified
am no acid, J*, or a J* honologue, utilizing a suitable 5 nethod,
E:Jch as ELISA. (6) hAntl eyl gfi\ﬂﬁi&ﬁdi@e rhaly bb@ﬂ:trtﬁ&ﬂr’tlég@dmy westeer blottlng,
otting, or another suitable usj ng ce tracts
fromcells treat e&rﬁrﬂme&rﬁi“tﬁp%ﬁﬁj é‘é'l“@c‘:te@c? ?B{éeﬁrﬁpﬁ%o#‘?‘g ‘ﬁﬁn
enzyme inhibitor, qrgky Qﬁt@éﬁ&%%dﬂﬁ%@@%&ﬁeﬂe?#dﬁlh th@l'flc@ﬁtﬁfdéhﬁyme
acig. 10 Treatnents that i1 ncrease protein nodification will increase

t he” nunber of ant iipailtijor esichi B8 prefedl mhogehaiese igbibitae qlﬁdér%uawi of
reactivityy, The J* 'ﬁ-@%ﬁﬁéﬁt§rom 0198%5&? Woldin rrﬁ@&tcéﬁo‘i'lhmﬁil ﬁﬁéréééé/%h% R

smal | nunber of proterns ontrol 'extrac react wt
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suggesting broad anosiser efambieing frotrocmtrt;l eﬂrhttsrimttwﬂudatﬁﬁ with Bavargt
cont ai ni ng

large number following treatment. The antibodies will show ho

15 reactivity with the inactive-non-modified versions of these proteins,
demonstrating a high degree of J* specificity and suggesting broad
cross-reactivity to many different modified-target containing
proteins.

(7) The degree of context-independence may be more

. -
e

20 carefully examined, for example, by ELISA analysis against
individual J* peptides that are mixed together or tested individually.
Such analysis can indicaie if poor reactivity occurs with certain
motifs, such as when J* is followed by proline, for example.

(8) The context-dependence of J* antibody recognition may

25 be further examined using an immobilized grid of modified-peptide
libraries. in addition fo a fixed target residue, J*, each different

library is synthesized fo ;:ontain an additional fixed amino acid at

differeni positions relative to J* but with all other positions

containing all 20 amino acids except cysteine. Each peptide library.

30 is coated, for example, on the bottom of an ELISA well and



proteins. (7) The degree of context-independence may be nore 20
careful |y BXui#0pe@d] for exanple, by ELISA anal ysi s agai nsPCI/US02/19480

I ndi vi dual J* peptides that are m xed together or tested

i ndividual ly. Such analysis can indicate1f poor reactivity occurs
with certain notifs, such as when J* is followed by prollne, for
exanpl e. (8) The context-dependence of J* anti body recognition may
25 be further exam ned using an imuobilized grid of nodified-peptide

libraries. In addition t X tar resi due * .each different
library is synt hesi S&psed te&ﬁ?af ot ﬁfﬁ‘&#‘e?itd%%d%rﬁoﬂée%%u‘@{%?
di fferent positionspdrge@bi ¥8ot @edlid®Woraky} bnahe Ichﬁé rrms'duﬁd Yhen the
containing all 20 am ng aci ds except cysteine, tide i brary.

30 is coated, for exd@dfied aging ACithds (RIRSI ah ‘E‘EI%@R Al Pagiorwol his
03/ 000931 PCT/ [ S04 LAAGY de’cé}i%n?%sp%%%ér%rt Htﬁaé* pathidil Qhﬁﬁo actd at a

Anti bodi es that do not” react artic r spot (pep

library) onSthe griperticulaopositiordreltiive toHéWllb@th br bl@chirbimhﬂgam dis
present at the specified position. This analysis detern nes whether
or not a particul ar am nbitespaiively, aurif&do@ntib@diearcqmsba ilioked dbatdsing

can be I nked o rcRloHed ) BRofhe dnbEREE, b o died FEyERG”

l'ibrary, unbound Sﬁm@nce@ wmh&dammyamarmd;ubdwai;mqwmemered and
rec@ver ed and subj eci tgeam no acid seguen er m_ne

e o anch 10 isitieside BRI sdEheREOGa o SR e e At aagh,

Thi's inforyggtion wmhlnolé’tﬁcﬂ@@é@n\ﬁ/@abe@ﬁma@m@ﬁn:ﬁim@rl@ratplﬁf@mmzon
each position. Antibodies suitable for use in the nethod of the

present invention niy ind Cﬂ@lwt@ﬁ%ﬂo@ﬂdﬁﬁﬁ%ml%‘wd a‘b@a%go%@rh

fragment thereof, e.g. an Fab fr agrrent or a derivative ther eof
phosphot hr eoni ne arbrBaes uFblerorusah femeneial dprert pVarian, o
two or nore ankihedi @stydTBival R ntdriveldnanep usdybe a fragment thereof, e.g. an
Fa fragment, or a derivative thereof, e.g. a humanized an'tibody. A single
15 antibody, e.g. a general phosphothreonine antibody, may be used in the
immunoaffinity step, or two or more antibodies may be simultaneously
used to isolate peptides containing different modifications, e.g. acetylated
lysine and phosphothreonine. Alternatively, isolation of peptides with one
B modification may first be carried out with cne immobilized antibody, and
20 then peptides with other modifications may subsequently be purified using
other immobilized antibodies and/or resins.

Following contact with the immobilized antibody, the antibody/resin
is thoroughly washed to remove unbound peptides and then peptides
bound to the antibody/resin {i.e. those containing the desired modification)

25 are isolafed from the resin by eluting with a small volume of an acidic
solution, e.g. 30% acetic acid, or other suitable eluting solution. The
eluted peptides are analyzed directly as described below, or concenirated
and desalted with a micropipette tip containing reversed-phase resin, and



used to isolate peptides containing different nodifications, e.g.

acet yl at edwdog®iasar and phosphot hreoni ne. Al ternatively, |B©ﬂaﬂnam$@f
peptides with one nodification may firsf be carried out wth one

i mmobi li zed anti body, and 20 then peptidés with other nodifications
may subsequently be purified using other imobilized antibodies

and/ or resins. Followi ng contact with the i mobilized anti body, the
antibody/resin is thoroughly washed to renpve unbound peptides and

t hen peptides ,bound,to the antibody/resin t hose con alnlng t he
desi red nodi fi ©&DBRYZS8- Erdésif% Geﬁ?%?’f%af}dégr RATBYTRICRT ng wi t h

a smal |l vol uneinffrmafioAdd Qbféme%ylﬁw'agﬁsp&tﬁ)sc@ﬁ% acetic acid, or other
suitable eluting solution. The ‘eluted peptides are anal yzed directly

as described bel ow inQereaD6iRAImaESsks, aﬁﬂzygtsscﬁg biticesNa T Opi pette
tip containing reversed-phase resin, 03/000931 PCT/'US02/ 19480

-40 then anal yfieﬁs;ribeﬁ belyyyredy “}%fﬁhﬁ thet seqigeinsiesiind peptides @at lagk dieei n
i t

't cunat ancbs. AR arg bolRified BESG IRF Oidcs InBdrRif e dpsired

may indicate ttasgetsood. bnslebi cr%és.rihpmud'é:@rmhatnriganky vhine Bsinavaghies
tif f | h

Target roti 7. Ry bedheRased O bR her B i ibeRER A b SulGRhE T

washes may bemsﬁnfsa@sytﬂ;etmcr@kaem na¢ardingrio $eemidues \p@lpkmcﬂm tamdlam

cnown i 1 ho. clof SXaiTBle, YRGS B aRNES T A deicha ko RC R

backgr oundipi ngd ﬂ@cer?é!ﬁ@ orgdniasoflehsy, 8epbiymeps.gani ¢ sol vents, or
pol ymers. Anal ysis of Isol ated Pepti des | sol at ed pepti des contai ni ng

the desired nodifjcation may be analyzed by standard nethods to

det erm ne pept Agelyses|ofindatealiPéptiddson state, and mass. In certain
preferred enbodi nents, nodified peptides 15 isolated according to the

met hod of the i nvenéo&m@p@tmlm@mbg eRgesirstpeotiriostdr mag 8)

net hods, since IS rese tp_@gm% ?EI’ISI tive, method for

anal yzi ng pept "f"ﬁﬁz § QA5 TW%?@H%?GQ”@“CG activation
state, and mass. ln certain preferred embodiments, modified peptides

15 isolated according to the method of the invention are analyzed by mass
spectrometry (MS) methods, since MS is presenily the most sensitive
method for analyzing peptides. MS requires less analyte material to
provide high-quality information about peptides than other current
methods. It will be recognized by the skilled artisan that equivalent or

20 subsequently improved methods of analyzing modified peptides are within
the scope of the invention. For example, at present, peptides of about 30
amino acids in length or less are most suitable for MS analysis, but future
improvemenis in methods may ailow the analysis of longer peptides.

Accordingly, in a preferred embodiment, the general method of the
25  invention further comprises the step of (d) characterizing the modified
peptide(s) isolated in step {c) by mass spectromefry (MS), tandem mass
spectrometry (MS-MS), and/or MS® analysis. In one preferred
embodiment, matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) mass spectrometry is utilized fo measure the masses of



provi de high-quality information about peptides than other current

met hods. |'wouBieboskle recogni zed by the skilled artisan thakCEGEHRA23eNt
or 20 subsequently inproved nethods of_q@qjyzing nodi fi ed peptides
are within the scope of the invention. For exanple, at present,

pepti des of about 30 amno acids in length or | ess are nost suitable
for M5 analysis, but future inprovenents in nmethods may all ow the
anal ysis of longer peptides. Accordingly, in a preferred enbodi ment,
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purified peptides. MALDI - TOF nass s?ectrorretr I S useful for rapidly
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both sensitiv princi experinments or
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modi 11 ed pept | AT B Rt T Cu Dopt i de(e) is cal culat ed

spectrum "WALDI - TCRTARLETERAMORS BndPSis o3 PRRAAS s SYopldly SSVEBTRY ng
fi e![ :jdes1]9%)03ndammmemrefeeradademﬁhmmpanrm spmtemmddsc@ldqj@ﬂdemﬂ:rf i ed
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is,and carr out. such,.ana is is |i to
e over t i oIS B PRy B3 pAhAraS S urIE I Sttty Bl
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smal | portion, 20% of the isolated é)purl i ed) nodif
pept i de- coHt ai meﬁgntrmmtlo@nFoaﬁ@rawal ipplate peimc;aSrﬂje prepared for

MALDI-TOF analysis using only a small portion, 1 to 20%, of the isolated
(purified) modified peptide-containing fraction, and analyzed by mixing
directly with a equal volume of saturated matrix solution, e.g. alpha-
cyano-4-hydroxycinnamic acid, and drying the peptide-matrix solution on

20 the MALDI-TOF sample plate. Other suitable mairix solutions may be
afternatively employed. If necessary, a larger sample aliquot can be
concentrated and desalted with a micropipette tip containing reversed-
phase matrix before mixing it with matrix solution.

To confirm that purified peptides contain the desired modification, a
25  small portion of the sample is preferably analyzed before and after
treatment with an enzyme that removes the modified group from the
peptide. For example, where the modified peptides being purified are
phosphopeptides, phosphate is removed using a suitable phosphatase,
e.g. calf intestinal phosphatase. See, e.g. Larsen ef al. Proteomics 1: 223~
30 238 (2001). This is a simple and reliable assay to confirm that peptides



directly with a equal volune of saturated matrix solution, e.g.

al pha- cyaWe-9a0MY& oxyci nnani ¢ acid, and drying the pepti%‘é'[fﬁg’iz‘rl?%ﬂ
solution on 20 the MALDI - TOF sanple platg. Qher suitable matrix
solutions may be alternatively enployed. If necessary, a |arger
sanpl e aliquot can be concentrated and desalted with a m cropipette
tip containing reversed- phase matrix before mxing it with matrix
solution. To confirmthat purified peptides contain the desired

modi fication, e Rodif ,'dndﬁeréohﬁ{‘th%fnM@erﬁﬁ%cﬁﬁécﬁgu@ﬁﬁé%F@éénﬂn each
anal yzed before and arter treatnent wth an enzyne that renoves the
nodi fi ed gr ouppdntide Forexgrepie] phosphetasedigiment wildpdusshiermigervasy
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groups presentedyn@fkdbwiPRithi @6t mapbeeitit@to Airdisnadtasmptives aomad

wi || reduce the observed peptide mass by 80 for ﬁach hos harte_group
in the pepti deaCCoprangnia hegnsthed ol fhe H@eﬂ%@l corfaipdhe siRs %H&W KRlan.

w | not changgeélégq KSsHikt s@bra® Phosphatase treatnent. Similarly,
any suitable nmbdification-specitic enzyne known in the art may be

selgcted to confi r%@@?éfgt@ﬁ@bﬁé&%k iR Rlatdd GRsiEbRGId QaddhfpiBridiod

of -the invention conta e desired nodification. See e.g.,
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jonization and the instrument is configured to focus ions that are stable
during analysis. For similar reasons, the expected mass shift for loss of
phosphate is —-88, but ~84 mass shifts are cbserved because, unlike a
stable ion, the mass of a decomposition product changes during analysis.

20  Analysis of a large number of synthetic phosphopeptides by MALDI-TOF
mass spectrometry has indicated that some peptides containing
phosphoserine or phosphothreonine — but not phosphotyrosine --
residues undergo metastable decomposition. Accordingly, metastable
decomposition is a reliable indicator of peptides that contain

25 phosphosetine or phosphothreonine. Metastable decomposition may be
observed in the MALDI-TOF spectra of some peptides that contain
phosphoserine or phosphothreonine, without additional sample treatment

steps and without consuming more sample.

in other types of applications, for example in a genome-wide
30  analysis employing the disclosed method, it may not be possible to



during analysis. For simlar reasons, the expected mass shift for

| oss of pPWOIPKes is -98, but -84 mass shifts are obser vREI/BURAASES,
unli ke a stable ion, the mass of a decopposition product changes
during analysis. 20 Analysis of a |large Tunber of synthetic
phosphopepti des by MALDI - TOF nass spectronetry has indicated that
sone peptides containing phosphoserine or phosphothreonine - but not
phosphot yrosi ne -- residues undergo netastabl e deconposition.
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neasur ed. See, ) Yat es ds .in Enzy 1: 351 377
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the peptlde can be unambiguously maiched o its parent protein without

directly interprefing a sequence from the fragment mass specirum.

A particular peptide’s measured mass and partial sequence is
sufficient o unambiguously match it to.its parent prolein. See e.g. Eng et
20 al J Am. Soc. Mass Specirom. 5: 976-989 (1994). Parent protein
sequences are increasingly becoming available as the gendmes of

-1'\.-.«"‘

common biclogical model organisms become known. MS/MS specira can
be collected rapidly (< 400 msec per peptide) and in a data-dependent
manner through instrument-control softwate, so very complex samples
25  are amenable to analysis. With nanospray infusion methods, sample
volumes of 2 microliters can be analyzed for an hour or longer. See e.g.
Wilm ef al., Anal. Chem. 68: 1-8 (1996). Accordingly, in a preferred
embodiment of the disciosed method, modified peptides isolated in step
{c) are characterized by tandem M8, for example liquid chromatography
30  (LC)-MS/MS (as described in Example V).



t he peptide can be unanbi guously matched to its parent protein

w thout directly interpreting a sequence fromthe fragnent nass
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15 loss MS/MS spectrum, the parent ion mass (m) can be calculated from

the parent ion mass-to-charge value (m/z) and the charge (z) inferred

from the neutral loss value (+2 for neuiral loss of 49, +3 for 32.7, and +4

for 24.5). Some individual peptides may be observed to undergo neufral

loss as +2, +3, and +4 ions. A comparison of datasets can confirm that
20 the same peptides are detected by both mass analysis methods.

M

Following MS/MS characterization, modified peptides may be
unambiguously identified by analyzing the product ion specira with a
search program in an attempt fo match the spectra obtained for the
modified peptide with the spectra for a known pepfide sequence, thereby

25  identifying the parent protein(s) of the modified peptide. For example,
Sequest, a program that correlates an experimental spectrum to a library
of theoretical spectra derived from protein sequence databases to find a
best-fit match, may advantageously be used for such a search. It will be
recognized that equivalent search programs may be employed in the

30  practice of disclosed method. Accordingly, in a preferred embodiment, the
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15  phosphoserine and phosphothreonine. See e.g., DeGnore ef al., J. Am.
Soc. Mass Spectrom. 9: 1175-1188 (1998). Even when phosphopeptides
lose phosphate by neutral loss, the position of the phosphorylation site
can be determined, as long as there is sufficient residual backbone
fragmentation, because neutral loss leaves an unusual residue at the

20  phosphorylation site: phosphoserine becomes dehydroalanine, and

p—

phosphothreonine becomes dehydroaminobutyric acid.

Accordingly, in a preferred embodiment of the disclosed meihod,
isolated modified peptides may be further characterized by MS® (for
example L.C-MS?, as in a preferred embodiment} analysis; that is, the

25 neutral-loss ions may be subjected fo an additional level of MS to give
sufficient backbone fragmentation for identification. This process is
simpler to implement on ion frap mass specirometers than on other types
of mass spectrometers. As peptides elute from the LC system, a survey
MS scan is performed, and MS/MS spectra are coliected for the three

30  most abundant ions, if they are above a pre-set intensity threshold and if
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2002. 15 unambiguously identified but the program is unable to distinguish between
multiple possible phosphorylation sites, the most likely phosphorylation
site may be chosen by comparing the sites o the known specificity of the
modification-specific antibody used in the isolation. For example, two
possible phosphorylation sites (encompassing Ser 585 and Ser 588 of

20  PTN&6_HUMAN) were distinguished by noting that the sequence context

._\‘/ k

of one possible site but not the other fits the known specificity of the
phospho-(Ser) PKC substrate mofif antibody used fo isolate the peptide
(see Example V).

In cases where peptides comprising multiple modification sites are
25 isolated, it may be difficult to obtain unambiguous assignments because
of the high level of neufral loss with very little residual fragmentation along
the peptide backbone. At present, for example, multiply-phosphorylated
peptides cannot be analyzed effectively by LC-MS® using the currently
available version of Sequest software. The current data-dependent
30  acqguisition software isolates and fragments the most abundant neutral-
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phosphopeptide and its spectrum. This is a simple and convincing way to
further evaluate marginal Sequest assignments, for example, or to confirm
assignments that are considered especially important.

A simple confirmation method is essential to strategies that attempt
3 20 1o assign phosphorylation sites globally, such as the method of the
invention. Neutral loss of phosphate from phosphoserine or
phosphothreonine can make it difficult fo assign a peptide sequence to an
MS/MS spectrum and occasionally assignments will be ambiguous. In
contrast to global methods, when analyzing a single phosphorylated
25 protein, e.g., isolated as a stained band by SDS-PAGE, the non-
phosphorylated peptides from the protein will be available for analysis and
will help to identify the protein, making assignment of phosphopeptides
" simpler, because the set of possibilities can be restricted to peptides that
originate from that identified protein instead of a much larger database of
30 proteins. However, in a global proteomic method, such as the method
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15 phosphopeptides the correct assignment may not have the highest rank
because of the additional complexities in the spectrum due to neutral loss
and the inability of Sequest to recognize and take into account these
neutral loss peaks. However a unique feature and advantage to antibody-
based isolation methods, such as the present invention, is that the known
7 20 specificity of the antibody can be used to screen marginal assignments,
i.e., assignments that are not fop-ranked, to find ones worth pursuing
further. That is, antibody-based isolation methods have an inherent
advantage over other isolation methods because the antibody’s specificity
can be used to partially compensate for some of the limitations associated
25  with MS/MS analysis of phosphopeptides.

As discussed above, in practicing the immunoaffinity isolation
methods of the invention, a device for isolating modified peptides from the
proteinaceous preparation may be coupled directly to a mass
spectrometer so that peptides are analyzed as they elute from the

30  immunoaffinity-isolation device, enabling the mass spectrometer to
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15 reversed-phase support and a second reversed-phase separation into the

mass spectrometer, and so forth, iteratively. See, e.g. Washburn, supra.

It is also contemplated that one dimension of multi-modal liquid
chromatography could be immunoaffinity purification, using general
modification-specific antibodies fo purify post-translationally modified

; 20 peptides, as described herein. In this sense the immunoafiinity column
would resemble a so-called enzyme reactor column, a column of
immobilized protein used upsiream of a mass spectrometer to catalyze a
reaction on the sample fo be analyzed. See e.g. Amankwa ef al. Profein
Sci, 4: 113-125 (1995). '

25  [Identification of Novel Sites; Antibodies

The immunoaffinity isolation methods of the invention allow the
efficient and rapid isolation and identification of peptides comprising
protein modification sites from complex mixtures. Modified peptides
isolated according to the method of the invention may comprise known
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phosphor yl Ht i ofe apaiisuler digepeg siadl ar protein may be identified in
accordance with the nethod of the present invention. Simlarly, the 5
met hods of the i nveFhe isisntifigation of apeelaneteinigwdificgtion sites enakies the

nodi fication : At | ' e
modi £ cat 1 on i §EteA BRI BbbRdyRbgbie AR are oy oPifie HHREE,
not known. Thuproidiheitdirsits psesphomdaieddsrmenzd example, ghe iderdifieation of a

O TR Aok o5 5, RbaEL B no- DAL Syradditing: ©
15  to the method of the invention enables the generation of phospho-specific

antibodies which bind to that protein only when phosphorylated at the
novel site. If a motif-specific, context-independent antibody is employed
for the immunoaffinity isolation, novel sites identified will match the
specificity of the motif-antibody employed. These modification-specific

3 20 antibodies against nove! sites will be highly useful reagent§ for the

‘ detection of protein modification, as well as for diagnostic or therapeutic
uses.

. Once a novel modification site is identified, modification-specific

antibodies to that site may be generated by standard techniques familiar
25 to those of skill in the art. The antibodies may be polyclonal or

monocional. Anti-peptide antibodies may be prepared by immunizing an

appropriate host with a synthetic phospho-peptide antigen comprising the

novel modification site, according to standard methods. See, e.g.,

ANTIBODIES: A LABORATORY MANUAL, Chapter 5, p. 75-76, Harlow & Lane
30 Eds., Cold Spring Harbor Laboratory (1988); Czernik, Methods In
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|VEI’“T"Ier| d, J. ng‘éénj % 85: 21- 49 (1962)). Mbonocl onal

ant 1 bodi es,qmy be pw%gn%%ﬁpepé HYBRISAITES GBhdratdd AGIRRGRAE dsl 0 the

wel | -knovvn chnl gque o Nat ure” 265: 495-97
(1975); Kohl er amddr iviokifst identjfiegiry, the immitmeadinity gnetbeds of hegpverdiosee

?|1 Sgé) CUSEFII\I]T Egg}%%gzgei%ﬁggeE%cg}m?dﬁ%ﬁ%fgEHQﬁ&@ﬁéco@dingo be

produced agai nstantinel teomsibuss.tee, eqntGAer of &l. 1 Wetiwidsdn Enzamotigyf
(égzge(ra;/egl armv\%g_l a26%.I %?{1 9&%) cf:for ex]eltn% eerla hseI g al (')fn agn&ye?bﬁbgﬁiorﬁ%m
15 site, the antibodies (whether polyclonal or monoclonal) may be screened
against a phospho and non-phospho peptide library by ELISA o ensure
specificity for both the desired antigen (i.e. that epitope including the novel
phosphorylation site/residue) and for reactivity only with the
phosphorylated form of the antigen. Peptide competition assays may be
‘ J 20 carried out to confirm Ieck of reactivity with other non-target protein
phosphoepitopes. The antibodies may also be tested by Western blotfing
against cell preparations containing the parent protein, e.g. cell lines over-
expressing that protein, to confirm reactivity with the desired
phosphorylated target. Specificity against the desired phosphorylated
25 epitopes may also be examined by construction of parent/target protte_jJn
mutants lacking phosphorylatable residues at positions outside the '
desired epitope known to be phosphorylated, or by mutating the desired
phospho-epitope and confirming lack of reactivity.

In accordance with the present invention, two novel protein
30 phosphorylation sites were identified by the practice of the disclosed



} 00/14536, supra. 10 Modification-specific antibodi es generated

agai nst novel sites and/or notifs identified by the i munoaffinity
met hods of wids/bgssenti on nmay be screened for epitope andPCT/US02/19480
nodi fication-specificity according to standard techni ques. See, e.g.
Czernik et al., Methods in Enzynol ogy, ~201: 264-283 (1991). For
exanple, in the case of a novel phosphorylation 15 site, the

anti bodi es (whet her polyclonal or nonoclonal) may be screened

agai nst a phospho and non-phospho peptide library by ELISA to ensure

f for both the d d apt| _eni tope inc| ud
the novel - pholRORAER o RORIPE FTaBPR.S) aupyel HPOHLERLTION CrotAaAlon ¢ 1
the phosphoryhakgd 1f gfpﬁdgsh@maﬁaﬁ%ne ?SQFSS@%@I%HH%?%@%MS

may be .20 carried out to confirmlack reacti vit ot her

non-target proBRSLRINGSIHewlTieddising Pwh§r(ﬁﬁb)dafﬁ@§uﬁﬁvaf@| setithe
tested by West Sﬁﬁbd%i'y%F F Iriunaaahiekokebh oPﬁEﬂﬁfe@td%gtae% fORFANLAGL he

parent protein, expr essi ng
confirmreafti ue!t @fxtmclt hertch@l) dewivelbptofghiodypbsing [phbephatasg dc (PTNG)

Specificity agains e des lat d 25 e al so
o exan ned by PROTETIRIIE S o BrS R £ sshleite KEREHKIRAstii ng
phosphor yl at abjdentifsd dsing tind saneiRfKO©sabsitHts Indﬁf shithodiefer iraduapafinie
known to be phos horyl

Phospho- ept t op BORAAN S5 A ERhEPMER fom vt 91 Py Tects See ramRieY i « h

the present inventi

! | t Q | at t
word | donti {1 d by PRESHRRTE SHopHEsdhetipl s ea o) Soeane.
PCTI US02119¢ 80respadtivdBNumdpivhbR iphiish lﬁ’ééd)eﬁt ARSI RS s(téé cén ﬂ@\We|

ubi quitin fusion de adation protein CBhosphoryl ation site
(Ser 335, conpr residiy besepaigdepewrdionds §Rﬁdﬁﬁis gcaBigues Snthslitg

ool At Lon of  nBaTSe gaseaight ol UEDY PTG (1)
a novel prot ei surgurcingang irsdystiag BBQSPDOCS@IQ‘B&I@; S%ﬁ%&ﬁﬁ@m%ﬂtl@[eh/om&*ﬂ te
(Ser 588, compr Lkl o R MIRIRRUATR Johdiioe AIRILI it tethRBubbe

same PKC subst Pate I'munoa
15 and used as immunogens o produce poly- or mono-cional antibodies.
See, e.g., ANTIBODIES: A LABORATORY MANUAL, supra, Czernik, Methods In
Enzymology, stpra. The phospho- and epitope-specificity of these

antibodies may be confirmed as described above.

) Accordingly, in a preferred embodiment, the invention also

:) 20 provides an antibody that binds ubiquitin fusicn degradation protein 1
(UFD1) only when phosphorylated at serine 335, but does not
substantially bind fo UFD1 when not phosphorylated at this residue. The
UFD1 (pSer335) antibody of the invention also does not substantially bind
fo proteins ofher than UFD1, although some limited cross-reactivity may

25  be observed with proteins containing sites highly homologous to the

UFD1 phospho-Ser335 site.

In another preferred embodiment, the invention provides an
antibody that binds protein-tyrosine phosphatase 1c (PTNG) only when
phosphorylated at serine 588, but does not substantially bind to PTNG

30  when not phosphorylated at this residue. The PTNG (pSer588) antibody of



i sol ation of nodified peptides fromJurkat cell extracts (see Exanple
V). Phospho-specific antibodies that bind either UFDL or PTNG6, 10
respecti veiyn esmndoyr when phosphoryl ated at these novel sitesr/osm/inegw
readily be prepared, according to st-andard techni ques. Synthetic
phospho- pepti de antigens conprising the ®Dl or PTN6 sequence
surroundi ng and i ncl udi ng phospho-Ser 335 or Ser588, respectively, my
be selected and constructed in accordance with well known techni ques,
15 and used as i mrunogens to produce poly- or nono-clonal antibodies.
See, e.g., ANTIBQODIES; A LABORATORY MANUAL, supra, Czernik, Methods
I'n  Enzynol ogyihesinyeniionmaieo daes paicsubstantiafy blﬂﬁéoﬁ@f@lrﬁ herhan TGS e

anti bodi es may je. I

preferred enbo |ne@rgdtnﬁléerﬁ'?'ﬁ\égﬁﬁﬁgﬁégmymg%eﬁgﬁégr@rﬁhfb r%y t hat
bi nds ubi qui t i cofftaipingsitedrigilghooolqgoasdo thel PTNERDDEpboiSeridtesite.
phosphoryl ated at serine 335, but does not substantially bind to
UFDL when not phosphorylated at this residue. The UFDL (pSer335)
anti body of therofifiechandDiagsosiieodppiicetiendstantially bind to
proteins other than UFD1, although some |imted cross-reactivity may
25 be obser§ed vvithA@noteeli mveoﬁleaihmm*@nﬁnabﬁﬁﬂlghagidheﬁﬁcmb@UQ to

the UFDLl phos d

i nvention provﬁ@%cg%or@%gln@ rﬁ@%‘l‘}@ﬁgﬁﬁ“‘o S pghﬁ%é)ﬁg'f)gg%gi% SGthe
ghgg phat asebl tcaéitFE'ﬁlt‘a)cl | t@gﬂ Mgmméﬁmﬂsm%m ke aéetaforsaeﬁﬂylarlfl&tﬁt&e- but
G€% not substantia ind.to en .n orylate

Chig resi due. - GHEUEYIEP(HBAFE St BTeRsss fhe it

PCT/ 13802/ 1948fhaked oééisieltﬁé@mgn@gteplnmlﬂmﬁ;mns@@mﬁi@mhumblby bi nd
to proteins other than PTNG6, althou sone limted cross-reactivity

may be obsé? vedifigren madied PRPLCEENEY ?ﬁpﬁﬁd@gt@@ RHERIYR ‘Pfd?ﬁffﬁrﬁﬁfous to
the PTN6 phosphpu#RtT3stetid £hd sﬁﬁélfrig% fiaﬂﬁwéﬁg viftreg) @P@ié &ntﬁs%?' cat ' ons

5 As noted above, the I nvention enab rapi d, ficien

direct isol ati 8acasHingheing mﬂmﬁtd%@sa@hﬁrﬁ@oﬁfglwahlmnﬂr@wy slaeﬂn!! as

crude for genome-wide {e.g. cell-wide) profiling of aclivation states, for example.
The simplicity of the disclosed method also makes it readily automatable,
15 as only a single immunoaffinity isolation step is required.

Facile isolation of modified peptides aids in the identification and
assignment of modification sites in a great variely of different proteins.
These protein modifications ocour in response to significant events in the

’ _j life of a cell, and in some cases the modifications provide a potential

20 target for diagnosing or preventing the event. As the genome sequences
of various organisms continue to become known, the need to find and
assign these modifications in a given organism will become even more
pronounced. In a broad context, the invention is useful not only fo assign
modification sites in well-defined in vifro complexes, but also to generate

25 gehome-wide or cell-wide activation/modification profiles, that s, to
determine how global protein modification changes within a given cell or
tissue in response to environmental changes, such as stress,

_ inflammation, disease, drug freatment, etc.



cell extracts or biological fluids, without the need for costly and
time- consumng pre-purification of desired peptides or proteins. The
nmet hod meakessspo®si bl e the single-step i munoaffinity i sopetuser/ie4s
multiple 10 different nodified peptides, corresponding to a nmultitude
of different nodified proteins and sigrffing pathways, with a single
anti body. Accordingly, the methods disclosed herein are suitable and
hi ghly useful for genone-wi de (e.g. cell-wide) profiling of
activation states, for exanple. The sinplicity of the disclosed

met hod al so nmakes it readily automatable, 15 as only a single

i munoaffinity isol @toqmﬁragtéppqnyem&fml p@&eom@@m@hp@%lwpl@%ws on

nodi fied pepti | '

nodi fication sﬁ@ﬁs&l5 %’?5@?@2 %}ggﬁéq%‘é qé%&ﬂ}%ﬁgn pr o gf‘ﬁgétn@m the
protein nodifi pwsénhiavemimnrfocvsampwiwrtahasggmsm protait nedfidadionn t he

Jlife of a cell I N _SQne. cas e dflcattlons Bf;ﬁyi{jea
potential 20 t%ﬁsaémfam&gé\ﬁb%‘{ 3 %‘?‘ﬁsien‘a feﬁ‘gmg FORS t he
genomne SeqU53ncﬁﬁdtﬂ@fathﬁirsju@ti%sméﬁ}hmmﬁ Bt Riephbspigglatien kieoves ad he
need to find and ass:‘;g‘{-lI Egese ngl ficatigns in %%l ven o(rgganl smw |
become even nof@legylassiies s mpdulgting Biagy dHRPERT PIPIRGICELRIOREFHS i s
useful not onl Mcﬂ,@ éc.?lﬂi[hrtr%@fofrﬂn‘éﬁéh 8Rd Shhésr, bfbg‘f&hhé@ﬁiéll"t%tﬁ (bell

vitro corrpl exes SO toq?enerate 25 genone-w de or cell-w de
activation/ nDdGYQE%éﬂﬂfmi, andmetabplismn dhus.one Aivagiags eifered yihg | obal

prggel n modifi L%tsbﬂﬂn?r?ﬁq}ﬂlelﬁ tl‘f‘étt@r@wﬁeﬁbvrﬁ@a@yfoeﬁsmépﬁsﬂ'!@sé fl

response to en i T oniren such as stress anmat i on,
di sease, dtlug modsstuierswiiching. BMSOMMOWMEOWama&@JmpMMm

contrast to conven oy

gl obal protei nan]%'{ﬂtﬁ q@%ﬁﬁ'ﬁ)@hfﬁﬁ %@%@ﬁé@‘g’%ﬁ“é’%ﬁﬁrl &l cfellﬁ[éég%]sfp;ﬁﬁ@e
t hg f present i maqrﬁel taggémim;e@ clamgeeihltheé modmﬂmtig&s’tatg opaapetific

nodi fication resu n r i,ven_event ch as, disease.ar.

[T eat mont - pr ob AT ROIR A Y R eianean S steany PLARERRisln in the
dephosphoryl at ggin, serves as a nolecular switch for nodul ati ng many
| nportant biological processes, including cellular transformation

and cancer s progr anmmgsl ife@luhogathisclREbh methods of the invention will be useful
for the diagnosis of a condition known fo be associated with the activation
(or de-activation) of a given modification site on a prbtein. For example, a
phosphorylation site on a certain cell signaling protein which is a known
marker of a given disease may be isclated (from a clinical tissue or fluid

) 20  sample) in accordance with the invention to identify the phosphorylation
status (j.e. activation status) of the marker in a patient. This marker
activation information will assist in the diagnosis of disease and/or identify
subjects at risk of disease. Accordingly, in a preferred embodiment of the
disclosed method, the modified peptide isolated in step (¢) corrésponds to
25  aknown marker of disease.

The methods of the invention will be useful for profiling protein
activation {i.e. modification) states in a target cell or fluid, on a genome-
wide, or pathway-wide basis, in response to environmental changes such
as disease or drug treatment. For example, biopsy samples may be

30 obtained from cancer patients and analyzed against normal, reference



cycle control, and netabolism Thus, one advantage offered, by the
present invention is that it provides a neans of focusing on these 10
nol ecul ar gwigoong events, which can occur w thout an aceonpswy4sgQ
change in the amount of a speC|f|c protein in a cell, i.e. a cellular
response may be triggered by a change % 1he nndlflcatlon state of a
specific signaling protein, and not by a change in the anmount of
that protein in the cell. 15 The inmunoaffinity isolation nethods of
the invention will be useful for the diagnosis of a condition known
to be associated with the activation (or de-activation) of a given

nodi fi cati on shisstesn callpfroveing. sams p@m&pﬂ\i&emaﬂvq&hé&%mﬁm%wm site

on a certain c | !aépéﬂ}

gi ven di sease ﬁgaé;u@e‘)%gé{ld}%o&éfgégom ac n| ca EJtfl Ssu%ré}?édﬁ?tp/@é%

sanpl e) in acceantanendas b didgnostivessdydor those dancéersy peteips helping to
hosphoryl ati on at u activati rker in a
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ccordin , In a ereyred enpodl nent_ O I SCI O0se

ot ea bt | (8 CoRaraeisy anynoun (It iagtip o6 Al RATON G Tk i |

mar ker of di seggpnpd, htﬁerfﬁéﬂh@esnév bé aavémagéﬁuwewmldyeaqcmw for

proflllng proteln activation |cat|on states in a tar get

cel | or fluid, pmpaogféaimmslteﬁnQﬂ@amul@ra@aik/%gnauna@ra@m%that ﬁrer@gm‘:\@e
a?gv' ronrrent&] gﬁg%}gﬁsca?}é% eus?%sg%téfﬁ@aéﬁ%d%%rhémnha Eﬂ’illar

bi opsy s S may rom cancer patlients and
anal yzed atfai nmannen, the metrefdewilihecusalil 06 epsloeElthecHlvlesefiedie4da - 55

tissue or cellg fro , t.hod wil |
be useful bottﬁeﬁgp"h%g&i@%? ﬁ@%“%qb p@%ﬁ%? gﬁbgﬁe{?/} to:ggﬁg%rff '§§e0| fic
types of cancieavingihe MJr@ddamn@sto demsmmﬁ wioen H@dsmgmnmgnmjuce
per haps hel ping t rk th r.es ccor
one preferred i% 'é’ﬁ%dgﬂrrﬁ%ﬁfn e Cﬁﬁ ?rﬁ? &Peé%%‘é %“ISEQ P@I"glgfjé?
characterized fedusé 8RosEHDryleRoMbf & phficuki prstksMoldWIDt ﬁ;e asddoitedi t e
of a parent_ protein. For
15 with a certain disease state may be monitored to determine the
phosphorylation state of that protein and/or others. The method could also
be used to monitor the stages and severity of an infectious disease by
monitoring changes in cell-wide modification state during the course of the

disease.

B 20 Accordingly, in a preferred embodiment, the isolation method of the
invention further comprises the step of (e) comparing the modification
state of the modified peptide characterized in step (d) with the
modification state of a corresponding peptide in a reference sample,
thereby ta compare profein activation in the proteinaceous preparation

25  with protein activation in the reference sample. In one preferred
embodiment, the proteinaceous preparation corresponds to a diseased
organism and the reference sample corresponds to a normal organism,
whereby comparison of protein activation provides information on
activation changes resulting from the disease. In a second preferred

30 embodiment, the proteinaceous preparation is obtained from a tissue



exanpl e, the nethod may be advantageously enployed to identify
phosphoryl ation sites on particular cell signaling proteins that are
el evated wo@@dused in cancerous tissue, as opposed to necmakoz/19480
tissue. In a simlar 10 manner, the nethod w+l | be useful to evaluate
the cellular effects of a therapeutic W8y (i.e. changes in protein
nodi fication) to gauge if it is having the desired effect, or to
determ ne when its dosage may induce toxicity. For exanple, cells or
tissue treated with a test drug intended to reduce phosphoryl ation
of a particular protein known to be associated 15 with a certain

di sease state Rigpspechhichnical fud aameiemnkiherelerps BRI ati on
state of that phoLeidqan 'aocfisé’ééé%rc?%?ﬂfgﬁ, %% .tﬁ@%ﬂ}p‘?réen oE@rdi'éiﬁd

to nonitor the stades and severi ty e'c I OUS segse
moni t ori ng chaagiwtion peetidesindermadionfisedl fadiagrases dithenipasihe. naur se

"sol ation met oty SRbdTeh b pRiE HbRERREE SO s ¥y o o
conparing the orginidngat pmparsio tecatéd Witk attelist bad testpohgmund and the

characterized in ste d) with the, nmmdificatiqn state of a .
cor r espondi ng %‘ﬁ“&g %gﬂqpée FRFesRands vd R reaﬁﬁg,oéqulﬁra OF HhgRaration,

protein acti vapharehytht ReniY=AE6h BRERAMIA ARHRRRINGIrboded hdirhdtider &1 ei n
activation in the réference sanple. in one preferred enbodinent, the
pr ot el naceous Bﬁ@@&ﬁﬁ@éﬂg%ﬁﬁg&ﬂéﬁw freatineniyelisiug teghepmpAMdand t he
reference sanple corresponds to a nor nal orrg‘ani sm whereby

conpari son of prot elnrerEtherprefasredrmbedeent. Are caEpRERC AT PR&INvat i on

changes T egyl t bglchibAMeEDindl SEARAdohtEE RS FRRM S8dSthatltiorized in

enbodi nent, the proteinaceous preparation is d froma tissue
WD 031000931 PgiEpUshas corsspdding® dpaieny pedein ret peeviously melortetasd

sanpl e and theﬁ%ﬁqedifﬁéy@ tﬁg@gé[egse_corresponds to a di seased organi sm
n r

wher eby the co _ fo'proteirn activation provides information
e o 0 o8 el b s G P B s s
outlined above may be carried out for virtually any disease in which
15  aberrant signal fransduction (i.e. protein activation/modification) is
involved or suspected of being involved. In a preferred embodiment of the
method, the disease is cancer. Similarly, the modified peptide isolation
may be employed to monitor the effects of virtually any test compound or
] drug on protein modification. in a preferred embodiment, the test
H) 20 compound comprises a cancer therapeutic. In a particularly preferred
embodiment, the test compound comprises a kinase inhibitor, such as
3TI-571 (Gleevac®), an inhibiior of Abl kinase for the treatment of
leukemia,

In the profiling and diagnostic applications described here, the
25 proteinaceous preparation from which modified peptides will be isolated
may correspond, for example, to a diseased cel! or fluid, tissue biopsy cell
or clinical fluid sample, or test cell ireated with a test drug or fluid from an
organism treated with a test drug, and the reference sample may
correspond to a normal cell or fluid, diseased call or fluid, or unireated cell
30  orfluid from an untreated organism, whereby the profiling provides



5 organismor preparation treated with at | east one test conpound and
the reference sanple corresponds with an untreated organi sm or

pr epar at i om0 ¢avheseby t he conpari son of protein activati ORCDPUBMZIIHES
information on activation changes resulting*fromtreatnment with the
test conpound. In another preferred enbodh nent, the conpari son of
protein 10 activation descri bed above identifies the nodified peptide
characterized in step (d) as corresponding to a parent protein not
previously reported as so nodified in the disease. The isolation of
nodi fied peptides rel evant to a given disease as outlined above may
be carried out fFMafopseiulin eigndgsdee MAIGAREIN aigtepasyiing ramgnal
transduction (His@asé’bpéiﬁﬂgrtr@é%ﬁbﬁﬂfo'rQlyfg'ﬁBQn‘sfdfﬁ?sfe'aQQ)Aitérnay\Flé{ﬁ'tN@d or
suspected of being 1nvolved. In a preferred enbodi ment of the

met hod, the di riareace sagwiceay coreppend ip a sisée aoabérant signalingf.e. a

i solation may i ; f : |

test conpound 8@83%Haééé}§ﬁgb%gg éﬁ?é]nb}r?gédp%%gg ip{%’%ﬁél’%ﬁfﬁ’éﬂ\éﬁp&%ﬁé@béﬂ@?&'a
enbodi ment , 5 t hpomed tor@éhisranfoo erdmplenprpsiieat being hested fdrehapesdance ofa a
particularly prefer i npound conprises a

red. enbodi nent .@m test co
ki nase i nhi bitH\aFk%rLPEﬁ"s&ES‘?@*rFU%GPP*'P Yet&}ﬁ%?ﬁsﬁ, an inhibitor of Abl
Ki for the t t. of leukemia. Ip th il
il agnost ¢ appl | cat TR EokonAgdiomcanetngt S5 Bl ienfthete.
preparation frpgamwhiag usBE in t8e HREPHreshpit idenBiBcatRpl GFrRsdIficERYN

carrespond, for exanple, to a diseased cell or fluid, tissue biopsy
celt or cli ni&i@fesonkeownppeknayn prodsing ar @ ggemewidg besia soas todr ug

or fluld T1Om Bfbvick A BERIECARABI bid BrotEsiciitimafiff shictual
reference sanple may correspond to a normal cell or uid, diseased
cel | orfluid, discasr slatasedheensthgd ivieagily patomaiablananmihusaiasexample,

. wh I ) 20
0 9757 nf or niey i AR Hdcol o SR r By Miiibceiiitboie S peff
resul ting fronio effisieatyeand rapidly iderdifit mariers of dideagming idiagrfostic eease.

Alternatively, thtepgpeutic applications.

15 The following Examples are provided only to further illustrate the
invention, and are not intended {o limit its scope, except as provided in the
claims appended hereto. The present invention encompasses
modifications and variations of the methods taught herein which would be
obvious to one of ordinary skill in the art.

. ;

20
EXAMPLE |
A. Isolation of Phosphotyrosine-Containing Peptides from a
Peptide Mixture
25 To establish that phosphopeptides can specifically be purified from

complex mixtures without contamination from nonphosphorylated
peptides, the method of the invention was used to isolate phosphotyrosine
{(p-Tyr)-containing peptides from a mixture of phosphorylated and
nonphosphorylated synthetic peptides. A phosphotyrosine peptide mix

30 comprising 5 phosphotyrosine-containing peptides and their 5



reference sanple may correspond to a state of aberrant signaling
(i.e. a diseased sanple) and the protei naceous preparati on may

cor r espondywigsmodesnor mal organi sm for exanple, a patientpdRu&id/10480
tested for the presence of a narker of disease or susceptibility to
di sease. The isolation and profiling netd¥bds of the invention will be
particularly useful in the high-throughput identification of

nodi fication states on known or unknown proteins on a genone-w de
basis, so as to 10 provide a |ink between genom c and proteomc
information and actual disease states. The nethod is readily

aut onat abl e, anenphosphontated parperyeptiday W m@p&fﬁddﬁables'l)yn@ﬁﬁh@yed

by pharmaceuti i idly
identify mar keﬁ@%@ggﬁéﬁaggd }ﬁ%éﬁﬁ(ﬁ@%gar\{tggpl crag% %@eeﬁg%%g Eﬁaeo

alolol icati onsh ﬂlﬁos‘ﬂmr}ﬂ@tbti@abtigeﬂmbmt phesm‘ragylatbﬁd_ﬂmﬂa;_they ¢antainer
illustrate the_ invent a not ed to limt .its scope,
except as pr ovYERENS B Q?@Ofcnrh&?ﬁé&é{ Hg %W&fe&‘rﬂgh%?%%iw%"%c
i nvention encogmanRay on@ﬂhfnirgﬁfdt@iﬁSre%ﬂdo!%gféségyrﬁ;ﬁl‘ior@fp @Fﬁfﬂ\‘é@ﬁ
taught herein which would be ious to one of ordinary ski in the

art. 20 ExAwPListrument geg aslnarﬁmc-ﬁ*r&%(@l@wablmﬂ %%%PW%OM%M%
froma Peptid h

specifically b@ E{hﬁe f??ﬁ%’ q‘?gﬁpb}e‘gilsﬁl @3?529% ﬁgﬁﬁbkgﬁgﬁaﬁﬁl on
f r om nonphos phmxgelraaémeaqba}assda@ge derigmasd leogsemblena proteiardigest. was
us€d to isol ate phosphotyrosine (p-Tyr)-containing peptides froma

m xt'ure of phosphory| ated and nonphosphoryl ated synthetic peptides.
A phosphot yr osi ne pepablelPamponeisgf itei Rigpsphotyrosine Peptide
phosphot yr osi ne- cont Mi ng peptides and their 5 WD 03/ 000931

PCT/ 11802/ 19480 58 nonphosphoryl ated partner peptides was prepared

(Table 1); note the nonphosphoryl ated peptbﬁﬁ:ﬁ!aﬁ@ﬁﬁr&gﬁa@am
sequences as the

Seguence Peptide Mass

KIEKIGEGTY*GVVYKGRHK
(SEQ ID NO: 1) 2,242 174
KIEKIGEGTYGVVYKGRHK
{SEQ ID NO: 2) 2,162.208
RLIEDNEY*TARQGAKC
(SEQ ID NO: 3) 1,946,879
RLIEDNEYTARQGAKC
(SEQ ID NO: 4} 1,866.912
LQERRKY*LKHRC

. , (SEQ ID NO: 5) 1,709.878

) LOERRKYLKHRC
(SEQ ID NO: 8) 1,629.911
RQGKDY*VGAIPVDC
(SEQ ID NO: 7) 1,600.719
RQGKDYVGAIPVDG
(SEQ ID NO: 8) 1,520.752
GKDGRGY*VPATC
SEQ ID NO: 9) 1,303.550

GKDGRGYVPATC
(SEQ ID NO: 10) 1,223.583

Y*=phosphotyrosine, Y=tyrosine

The MALDI-TOF mass spectrum of the mixture before immunoaffinity
10 purification is shown in Figure 2. Peaks labeled with a star correspond to



phosphoryl at ed peptides but are not phosphorylated, that is, they
contain tyrosine instead of phosphotyrosine. Peptides were

synt hesi zegolygedw®c 5 chem stry on a Rai nin/ Protei n Technatmogsoeso4so
Synphony peptide synthesis i-nstrunent and .using

Fnoc- Tyr (PQ( OBzl ) OH) - OH as t he phosphoty#%si ne nononer. See Peri ch,
Lett. Pept. Sci. 6: 91 (1999). The peptide m xture covers a broad
mass range designed to resenble a protein digest. Table 1: Conponents
of the Phosphotyrosine Peptide M x Cal cul ated Protonated Sequence
Peptide Mass KI EKI CGEGTY*GWYKGRH K (SEQ ID NO. 1) 2,242.174

KI EKI GEGTYGWYNEREROVisehpeptides, anyl peaks Ehetesl with ppenEiveieaRorAReond

Lcersacr Liore PR S IgE R ey o (520 15 v0 )
(520 1D No. 8) 1530 P emmeRastoin e spelftip e oip e e o e

GKDGRGYVPATC (Btdsk Petiie trytuts B 8omastingriheiiosphotyyosiss peptide mtx (46

Y=tyrosine 5  nmol total) with a phosphotyrosine monoclonal antibody P-Tyr-100

immobilized to agarose resin (Cell Signaling Technology, Inc., product
number 9419) (100 pi). The antibody was incubated with the peptides as a

- slurry, in a batch purification format. The slurry was left at room

temperature for 10 minutes and on ice for 1 hour. The unbound peptides

10 were removed by centrifugation through a plastic rit, and the retained
antibody-resin was washed extensively (twice with 1 ml of ice-cold
phosphate buffered saline containing 0.5% NP-40, twice with 1 m! of ice-
cold phosphate buffered saline, and once with water). To elute bound
phosphopeptides, the antibody-resin was resuspended in 400 pi 30%

15 acetic acid, left at room temperafure for 10 minutes, and centrifuged. The
eluted peptide fraction was dried and resuspended in 80 nl water (the
volurme of the phosphotyrosine peptide mix before treatment with
antibody-resin), and a 1 pl aliquot was diluted and analyzed by MALDI-
TOF mass spectrometry, as described above (Figure 3). Figure 4 shows

20 the mass spectrum of the phosphotyrosine peptide mix before (top panel)
and after (bottom panel) immunoaffinity purification. Note that the fraction

N

eluted from the antibody-resin contains all 5 phosphopeptides but none of
the nonphosphorylated peptide partners. Accordingly, the method of the
invention specifically isolates all desired phosphopeptides containing a

25 phosphotyrosine, regardless of the different sequences in which the
phosphotyrosine occurs, from a complex mixture of phosphorylated and
nonphosphorylated peptides.



The MALDI - TOF mass spectrum of the m xture before i munoaffinity 10
purification is shown in Figure 2. Peaks |abeled with a star

cor r espondwigogz)ifde®3/ 000931 PCTI US02/ 19480 59 phosphor yl adedsoz/194s0
pepti des, and peaks | abeled with open circles correspond to the
nonphosphoryl ated partner peptides. P-Ty®3containing peptides were
specifically isolated fromthe diverse peptide m xture by contacting
t he phosphotyrosine peptide mx (46 5 nnol total) with a
phosphotyrosi ne nonocl onal antibody P-Tyr-1 00 i nmobilized to agarose
resin (Cell nal i ng Technol ogy, Inc., product nunber 9419) (100
3> The ant i bobly vielsoiaiamel BRopheihaenegepataintng Beptides frhm an a
batch purification Pepfide Mixtwresl urry was |eft at room tenperature
for 10 mnutes and on ice for 1 hour. The unbound peptides 10 were
renoved by centrif ubae methathefdhighnenipa sasdurther derapastiated paingisned

bod | d
phosphat o but {2 SR AREL RO BhRD b rpooladiE 1 o

i ce- cold phosptigtien&idritibndy Ps'ﬁfhn-;miyclami topuefmemldmnenﬁamlﬁ'g) elute

bound phosphopeptides, the antibody-re S IeSUuS ded in 400
21300 15 acet | HeRArGtTpaRe 1M At AEPERIT B SRR it es, “and
centrifuged. Th@pfﬁisph@@léi@@bgﬂﬁefdj pepidys. wae n@lfcﬂue@l camisteeﬁuwaﬂﬁﬁd

in 80 }d water (the volune of the phos hot i ne m X before
t r eat ment wthpeﬂfﬁeﬁbg@ﬁ‘pﬁ%@t 590“%"%{"‘5“!” felSis e\%gg;‘%ff uted and
anaWz ed by NAHQ'\pho-E &d pRARES PipideY (S%Tgﬁécﬂ)' s M Y ET A F neasse

3) =“Figure 4 shows t e mass spectrum of the phosphotyrosine

peptide nmi k0 beﬂ@ﬁférum sptgand ey degpibast alkavey @tﬁheotrﬁ%@h@ihfeomﬁe peptide
| munoaf fi ni ty,up %P&ﬁﬁhﬁﬁo@?ﬁ;ﬁ Hﬁ&%m&ﬁs oldraflel ©'the Fivhfich fo/ o

anti body-resin con alns a opept| none o
nonphosphor yl ainelcigpep®.i de partners. Accordingly, the method of the
invention specifically isolates all desired phosphopepti des
cont ai ning a 25 phosphot yrosi ne, ardl ess of the different
sequences i n which th@abéﬁs%ﬁpw%'gis pétheckRiipsphothreaniaeconpl ex

m xture of phosphoryl Reptidelhix nonphosphoryl at ed pepti des.

Calculated Protonated

Sequence Pepiide Mass
DTQIKRNT*FVYGTPFC
(SEQ ID NO: 11) 1,806.825
DTQIKRNTFVGTPFC
) (SEQ ID NQ: 12) 1,726.858
- ) CKEGLGPGDTTST*F
(SEQ ID NO: 13) 1,491.620
CKEGLGPGDTTSTF
(SEQ ID NC: 14) 1,411.653

T*=phosphothteonine, T=threonine

A P-Thr-polyclonal antibody (Celi Signaling Technology, Inc., product

15 number 9381) was linked to agarose resin using a hydrazide chemisiry
(the same chemisiry used to produce the P-Tyr-100 agarose resin used in
Example 1A above), using a commercially available crosslinking kit
(BioRad Affi-Gel HZ [mmunoaffinity Kit, product number 153-6060) and
following the manufacturer's instructions. Each milfiliter of resin was

20 reacted with 1 milligram of antibody. P-Thr-containing phosphdpepﬁdes



WO 03/ 000931 PCTTUSO2/ 19450 -60 B. Isolation of
Phosphot hr eoni ne- Cont ai ni ng Peptides froma Peptide Mxture The

nmet hod of wesiooeenti on was further denonstrated using a PEEUIAI480
general protein nodification antibody, a‘ﬁhosphothreonine 5

pol ycl onal anti body P-Thr-pol ycl onal to Tify peptides containing
phosphot hr eoni ne froma m xture of -phosphoryl ated and
nonphosphoryl ated synthetic peptides. The m xture consists of 4
synthetic peptides: 2 phosphot hreoni ne-containing peptides and their

2 nonphosphor Iat ed ne i d bl e T MALDI - TOF
mass 18 s;s)gctr e %I?ﬁgfa‘-‘r?ﬁﬂﬂ 'Sé’iﬁﬁ@%@me%\%mﬁg‘ﬁf\?} 5 %Cﬁ qge
phosphot hr eoni Rﬁo%ﬂr@ﬁmn@‘ﬁép?@é ﬁrf(zmﬁﬁapt@faﬁ) With yh@aﬁt;tﬁdcﬁ@:tesm'loo

according to the invention is shown gure 5. Tab onents
of the Phosphonl),rm‘mhmnebaﬂ?@rihed@S!MaﬂdwpﬁdeSaa% °®msm1@h’ceaihe &&qum@e

Peptide Ma P
DO (NTYGLPREE %%ré BEE @gﬁ&%%@@ p%@éﬁ%&%ﬁ’ﬁci’% ID
_'I\_lo %3) %4?1 ﬁﬁ@anﬁlﬁﬂﬁﬁ’@ﬁ?ﬁﬁa Af(}ﬁE@P Fi@u}‘&?ﬁslﬂ:é\)vslihémi.gﬁﬁml: mals]s
* 0S ot hr eonl ne thr Onl e - a nti bo

S gnal | hg TechmRREor hanbod e pourdPaBifsFedBRe, Pk utbotnd Eaten
agarose resin é'@r\taﬁsaaﬁhnvgé[ﬁ?de@etnéiﬂl@fﬁg&hé)phoééﬁtﬂae‘bﬁﬂﬁs alirrk e y used

to produce the P-T agargse resin used in rrpl e 1A above),
usi ing a comrer aalalpw@r §9’é¢ltl%mﬁ eiligedswhich pyarg nrt eptimized, some of each

. isolated phosphopeptide has passed through the column. The bound

10  fraction contains both phosphopeptides bui does not confain the
nonphosphorylated peptide partners. Accordingly, the method of the
invention selectively isolates all desired phosphopeptides containing a
phosphothreonine, regardless of the different sequences in which the
phosphothreonine oceurs, from a mixture of phosphorylated and

15  nonphosphorylated peplides.

C. Isolation of Phosphotyrosine-Containing Peptides from Low-
Level Samples

The isolation of modified peptides from low-level samples (/.e.
where the amount of each modified peptide is about 1 pmol or less)

20  according to the method of the invention was demonstrated using low-
picomole amounts of phosphotyrosine peptides from the 10-peptide mix
and the immobilized phosphotyrosine antibody P-Tyr-100, as described
above in Part |A. P-Tyr-containing phosphopeptides were isolated from
this complex mixture, by contacting the 10-peptide mix (24 pmol total) with

25  the P-Tyr~100 antibody-resin (CST product number 9419} (10 ul). The
peptide mixture contained 100 ng BSA to reduce non-specific peplide loss
through adsorption. The resin was recovered and washed extensively
(twice with 0.5 mi PBS containing 0.5% NP40, twice with 0.5 m| PBS, and
five times with 0.5 ml water). Phosphopeptides bound {o the antibody-

30 resin were eluted by washing the resin three times with 5 pl 0.1 M glycine,



(BioRad Ph-Gel HZ Immunoaffinity Kit, product nunmber 153-6060) and
follow ng the manufacturer's instructions. Each mlliliter of resin
was 20 reawioadowdesh 1 milligram of antibody. P-Thr-cont ai pamgso2/19480
phosphopepti des WD 03/ 000931 PCTNS02/ 19480 -61 were specifically

i solated fromthis nixture by contacti mf4he phosphot hreoni ne
peptide mx (20 pnol total) with this antibody-resin (100 pl), and
I ncubating the resin and peptides at 4 C overnight. The resin was
recovered and washed, and-the bound peptides were el uted, processed,
5 and anal yzed, as descri bed above. gure 6 shows the MALDI - TOE énass

spectra of t hePd@bbuh tare detions W@Eﬁ ‘PQIBW?Q&‘?%%@ aligyd

fraction cont t | u —m@%z
under the par\ﬁﬂgélz'jléhgo gﬁgl(gﬂgﬁrﬁ?&?e?aﬁgﬂﬁe were not Optim zed
some of each g!gmnaur&drfmesfpw&ﬂiﬂé)mwsp@ﬁgb@a hrough the col um.

The bound 10 fraction contains both phosphopepti des but does not
contai n the nonphdsptier % shavesitheepassispeeirrn frdhe kyetavel hoipgptidedmix

Dhosphonept] acR s tan AfREFETE el A FitnthoafiihpGlicetion | e
di f I 5; gngf seﬂl&ﬁﬁgﬁin? o gddﬁ rgﬁtmﬁmftmmhmmrmmmi@ﬁﬁgea étenc):m a
Ims)(;l ation o1|‘O yﬂ@&%&hﬂ%&@éﬁﬁ%‘:‘rﬁ%@%g% 'ﬁj rlglﬁé‘ﬁ‘aw%ifér\?’ﬁs

Sanpl es The i sglfddpeRd tH@rﬁbl‘fﬁk@@ ﬁ@?ﬁdﬁ&ﬁ@aﬁﬁ@?épﬁu’eé ENIES sarrpl es

(iz"& where the anount of each | ed I s_about |

I ess}) 20 accopinswiopertides. ﬁ’é‘iw RipseHat ICPW&P\‘F@"BH W%W%Ppﬁﬁ%d

10- papt | derom xR e Ao ™ the

P- Tyr-100, as mesonlm"ewer@@eieetednn the unbwnwel aqtnondae@mdrﬂa@){) and

B op et ooy A g ke e B o gedtony s

anti body-resi nneét(ﬁszd deeated withivalf igtiédit)al @l@ling phisrhatass tandmzyinet ur e

contained 100 ¢ BS{SA‘ retrgogeegﬁjé:s%hgf)enﬁ&%%ﬂo%bﬁ0ige?ﬂ?lldieg,eaAoo ?esianaiyzed to

15  confirm the phosphopeptide assignments (Figure 7, bottom panel). As
expected, the phosphopeptides were completely dephosphorylated to
produce ions with masses 80 lower than the phosphopeptides. This was
particularly helpful in assigning the peaks ai 1,869 and 1,623 to
phosphopeptide synthesis arfifacts and the peaks at 1,867 and 1,521 to
h 20 non-phosphopeptides. Accordingly, the method of the invention selectively

isolates all desired phosphopeptides, even at low levels, that contain a
phosphotyrosine, regardless of the different sequences in which the
phosphotyrosine occurs, from a low-level mixture of phosphorylated and
nonphosphorylated peptides.

25 D. Isolation of Akt Substrate Phosphopeptides from a Peptide
Mixture

The method of the invention was further demonstrated using a
motif-specific, context-independent polyclonal antibody, phospho-
(Ser/Thr) Akt substrate antibody, to purify phosphopeptides containing the

30 phospho-Akt substrate motif from a mixture of phosphorylated and



t hrough adsorption. The resin was recovered and washed extensively
(twice with 0.5 m PBS containing 0.5% NP40, twice with 0.5 nl PBS,

and five womBgomst h 0.5 nl water). Phosphopepti des boundedmusobeosso
anti body 30 resin were eluted by washing the resin three times with 5
0 0.1 Mglycine, WO 03/000931 PCT/ US02/-18#480 -62 pH 2.3. The three
el utions were conbined, and an aliquot was desalted wth a ZipTip
device (MIlipore Corp., part nunber ZTC18S096), since glycine
interferes with MALDI - TOF nmass anal ysis. Figure 7 shows the nass
spectrum for the | owlevel 10-peptide mx 5 before (top panel) and

after (third paorghpspherylabed synihetc mptlder:;cﬁfneahtpmaﬂwasg Haystahe
thod of th d
r;;ﬁﬁos([;ho(r)yl at Zdéegﬁ%t\ dé%gh ‘%ﬁ%‘%@ﬁ@@@%&ﬁ? V\ﬁ’%ﬁg?—fec ;élsgfgé?ﬁe‘%%ond
tlotth he Ronphosmelassmwr)),raﬂFiqgepl e*sidleéﬁan@\bl‘ aﬁbpmboslpuo@m I.Shtef |
r :
fromthe ant: 089 Fedrier s Epiherst FefooriBose HRRrER SR T R4

mx, only 3 V‘E‘N?)oﬂééi@@@ﬁ Bjo/. tioeRYDRO1EA RODORCThE MKkE gm@mcklmeeé)
and they were all nonphosphoryl ated peptides. The bound %tﬂq!,@s

fraction was @date ghoshwrylaiegio@in W-“PSHTEE‘% at ‘ihfﬁ%‘ﬁﬁ? REPETHIS

phosphat ase, é Wi Gné nce motif
phosphopeptldg‘g éﬁl égééﬁg%lgfz}e {;o 15 (l:on |rmt S upe hopept | de

assi gnment s ( FRgEib@( ‘V/S)bwhemﬁapaa@r)meﬁé is @%p@lmr@dacld,md T/8 indicates

phﬁ phopepti d hosphoryl ated to produce ions

ﬁ nmasses SO%F\?&@'{ ﬁﬁgﬁ'“!ﬁ%%lréﬁg@%hopept I des. This was particularly
heIpfuI in assigning the peaks at 1,869 and 1,523 to phos hopeptlde
synthesis Hitifact sé’lma;bhblf(éep/é'ak)s"-\létsumm nehslonat antivedy

h h .
Cel et tvely” T Slghgia PG, HRGuGRIE A Ho1n) Feg Bt ﬁ%‘”m“"y
level s, that codiférentphdptepfiatedwsicis, thabgamtaihdhs cohs@ﬂws@eﬁﬂemc&mt
wh f. I I
T ture of phodBHOrhPaPREHRI St B ASIG efas i e arsattosd o
I sol ation of AgiphsbRbryaited R, m@gﬁdlﬂiﬁ? of tienpleospapt (SdeThr) Akt

15  subsirate antibody is that it binds preferentially to proteins and peptides

that contain phosphothreonine or phosphoserine preceded by lysine or
arginine at positions ~5 and =3, L.e., (KWR)X({K/R)XX(T*S*} (SEQ 1D NO:
15), in a manner substantially independent of the surrounding amino acid
i sequence {i.e. the context of the motif). [t is now demonstrated here that
) 20 this antibody can be used fo purify peptides that contain the
phosphorylated Akt consensus substrate motif.

Akt motif-containing phosphopeptides were selectively isolated
from a mixture of phosphorylated and nonphosphorylated synthetic
peptides according fo the method of the invention. The mixture consisted

25  of 8 synthetic peptides: 3 phosphothreonine-containing peptides, 1
phosphoserine-containing peptide, and their 4 nonphosphorylated partner
peptides (Table 3). The phospho-Akt substrate consensus sequence is
present in all 4 phosphopeptides in this mixiure, and it is known from
ELISA that these phosphopeptides are recognized by and can bind fo the

30 phospho-Akt substrate antibody.



M xture The nethod of the invention was further denonstrated using a
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SRPRSEBYPLPRE]

(SEQ ID NO: 22) 1,696.908
CRSLTGKPKLFIIQA
(SEQ ID NO: 23) 1,674.972

Phosphopeptides were isolated from this peptide mixiure by
contacting the phospho-Akt substrate peptide mix (5 pmol each peptide)

|
e

with phospho-(Ser/Thr) Akt substrate antibody immobilized to agarose
resin (Cell Signaling Technology, Inc., part number 8618) (20 ul, 2 pg/).

The antibody was incubated with the peptides as a slurry at 4 °C for 2

hours. Unbound peptides were removed by centrifugation, and the

antibody-resin was washed extensively {two times with 0.5 ml ice-cold

10

PBS containing 0.5% NP-40, two times with 0.5 ml ice-cold PBS, and

three times with 0.5 ml ice~cold water). Bound pepfides were eluted with
three 10pl aliquots of 0.1 M glycine, pH 2.3. A 5 pl portion of the fraction
containing bound and eluted peptides was desalted and concentrated with

a reversed-phase ZipTip microcolumn before analysis by MALDI-TOF

15

mass spectrometry, as described above.



25 of 8 synthetic peptides: 3 phosphot hreoni ne-contai ni ng peptides, |
phosphoseri ne-cont ai ni ng peptide, and their 4 nonphosphoryl at ed
partner peptosdessi Tabl e 3). The phospho- Akt substrate coRSBUSIZE92450
sequence is present in all 4 phosphopeptides in this mxture, and it
is known from ELISA that these phosphog¥pti des are recogni zed by and
can bind to the 30 phospho-Akt substrate anti body. WO 03/ 000931

PCT/ US02/ 19480 64- Table 3: Conponents of the Phospho- Akt Substrate
Peptide M x Calculated Protonated Sequence Peptide Mss

CSPRRRAAS* MDNNSKFA (SEQ I D NO. 16) 1, 989.889 CSPRRRAASNVDNNSKFA
(SEQ ID NO 17) 1, StiguieoB shouiraussHrpRiia ofjthe Shospiv-Ne sulwrate

205, 872 | STSSTRUBTER (SEID A i Boldh BB pmaRt ey | o
NO 21) 1, 725. QficaBitPARCRAPLIFREY with SEDat f:brl;fspom tapﬁggpim&pttdes,
CRSLTGKPKLFI | 972 P

ool ated f rom%“ﬁﬁ@%%%?? R e Ofe et e SRR RbOS R
substrate peptpsigidesXxarndpeaes labalel witpd bGiere dre phbsptipepiiies (Heehkvéer)

Akt substrate anti body i mmbjlized to agar ose
undergone metastable decomposition and neutral-loss of phosphate

(discussed in Example V below). The fraction of peptides that bound fo
and eluted from the immobilized antibody (bottom panel) contains all 4

\) phosphopeptides but does not contaln the nonphosphorylated pariner

10  peptides. Accordingly, the method of the invention selectively isolates all

peptides in this synthetic peptide mixture that contain the phospho-Akt
subsirate mofif, whether they contain phosphothreonine or phosphoserine
residues. As desired, peptides that contain the nonphosphorylated
consensus motif are not isolated.

15 E. Isolation of 14-3-3 Binding Motif #1 Phosphopeptides from a
Peptide Mixture

The method of the invention was further exemplified using a

second motif-specific, context-independent monoclonal antibody,

| ) phospho-(Ser) 14-3-3 binding motif antibody, to purify phosphopeptides

B 20  containing the 14-3-3 binding motif from a mixture of phosphorylated and
nonphosphorylated synthetic peptides. The 14-3-3 proteins regulate
several biological processes through phosphorylation-dependent protein-
protein interactions (Muslin ef al.,, Cell 84, 889-897 (1896)). Nearly all
binding partners of 14-3-3 proteins contain at least one of two different
25 phosphoserine-containing consensus sequences (Yaife et al. Cell 91,

961971 (1897)). One consensus sequence, motif #1, is (R/K)SXS*XP,
where R/K indicates arginine or lysine, S is serine, X is any amino acid, 5*
is phosphoserine, and P is proline.



resin (Cell Signaling Technol ogy, Inc., part nunber 9619) (20 i, 2
g/0). The antibody was incubated with the peptides as a slurry at 4

C for 2 hgHhsnebfibound peptides were renoved by centrif ugaiipissend
the antibody-resin was washed extensively (two tines with 0.5 ni
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14-3-3 binding motif antibody may be employed to immunoaffinity purify
15  phosphopeptides from a proteinaceous preparation in accordance with
the method of the invention. To demonstrate the feasibility of this, this
antibody was first employed to selectively isolate phosphopeptides from a
mixture of phosphorylated and nonphosphorylated synthetic peptides
when the phosphopeptides contain motif sequences that match the
) 20 antibody’s known specificity. The mixture consisted of 13 synthetic
peptides (Table 4). Four peptides in the mixture contained sequences that
match the antibody’s known specificity, 3 with phosphoserine (SEQ ID
NOs: 26, 28, 29) and 1 with phosphothreonine (SEQ 1D NO: 27). ltis
known by ELISA that these three phosphoserine-containing peptides are
25  recognized by and can bind o the 14-3-3 binding motif #1 antibody. The
peptide mixture contained 9 other peptides that should not bind to 14-3~
3 binding motfif antibody: 2 phosphotyrosine-containing peptides, 2
phospho-Akt substrate motif peptides, and 5 nonphaosphorylated partner
peptides.

30 Table 4: Components of the 14-3-3 Binding Motif Peptide Mix



20 containing the 14-3-3 binding nmotif froma m xture of

phosphoryl ated and nonphosphoryl ated synthetic peptides. The 14-3-3
prot ei ns reagusab®si several biol ogical processes through pCT/Us02/19480
phosphoryl ati on- dependent pr ot ei n- proteln interactions (Mislin et
al ., Cell 84, 889-897 (1996)). Nearly al%7-binding partners of 14-3-3
proteins contain at |east one of two different 25

phosphoseri ne-cont ai ni ng consensus sequences (Yaffe of at Cell 91,
961-971 (1997)). One consensus sequence, motif #1, is (R K)SXS*XP,
where R/K indicates arginine or lysine, Sis serine, X is any am no
acid, S* is phosphoserine, and P is proline. \&nlogptgno31

PCT/ US02/ 19480 -66 Phospho-(Ser) 14-3-3 bi ndi fyotyeied nonocl ona
anti body (4E2) (Cell Signali8ggil&udenol ogy, | reeptidedgsect nunber

9606) is a nDtif-specif@gpgﬁﬁAAgﬂMDNhﬁﬁqf cogni zes phosphopepti des
that contain this conse nmot i f |#1. 3-3 binding
notif antibody is highlﬁégéipﬁhﬂ* gﬁ 5 “""tideigggiégﬁe%e-ns t hat
contain this notif (phcé§§3§§?$$%W$h|Y%Kﬁ§ d by proline at the +2
position and-argini ne ofSERIPMNO26} he -3 positi.8R9.928. K/ R) XXS* XP
(SEQ ID NO 24). Recognition is specific for the phosphorylated form
of the notif and is substantially independent of the surrounding

am no acid sequence (i.e. the context of the notif). This 10 anti body
weakly cross-reacts wi th anal ogous sequences cont ai ni ng
ph63phot hr eoni ne i nstead of phosphoserine in this notif. To identify
other proteins that bind to 14-3-3 proteins or to profile known

bi ndi ng partners on a genonme-wi de (cell-w de) basis, immbilized
14-3-3 binding notif anti body may be enployed to i nmunoaffinity
purify 15 phosphopeptides from a protei naceous preparation in
accordance wwth the nethod of the invention. To denonstrate the
feasibility of this, this antibody was first enployed to selectively
i sol at e phosphopeptides froma mxture of phosphorylated and
nonphosphoryl ated synthetic peptides when the phosphopepti des
contain notif sequences that match the 20 anti body's known
specificity. The m xture consisted of 13 synthetic




pepti des (Table 4). Four peptides in the m xture contai ned sequences
that match the antibody's known specificity, 3 with phosphoserine
(SEQ I D Ng&s 038609328, 29) and | with phosphot hreoni ne (SE@j@;d};@mso
27). It is known by ELISA that these.three phosphoserine-containi ng
peptides are 25 recogni zed by and can bi®®-to the 14-3-3 binding
notif #1 antibody. The peptide m xture contained 9 other peptides
that should not bind to 14-3- 3 binding notif antibody: 2
phosphot yr osi ne- cont ai ni ng peptides, 2 phospho- Akt substrate notif
pepti des, and 5 nonphosphoryl ated partner peptides. 30 Table 4:
Conmponents of the 14-3-3 Binding Motif Peptide M x WO 031000931

PCT/ US02/ 19480 -67 Cal prizEssS*ARrglonaed Sequence Pepti gde Mass
CSPRRRAAS* NDNNSKFA ( SEQ 5)7iL, 989. 889  CIPRRAUASMINNSKFA  ( SE
ID NO 26 1,909. 923(\/\0" SE%%E%&%@?E@W ?S*APPN(LV\Ag
(SEQ ID NO 27) 1,797.¢ (SEQ|| 28)| 1, 777. 856
TRSRHSS* YPAGTEEC ( SEQ I[f5KG IDNO1 2980 705 CAEV Rc’ﬂl (.BR®\| (SEQ I D
NO 30) 1,738.896 LCQERFRSRHSFNPAGIEED NO 31)| 1, 709. 878
(SEQ ID NO: 29) 1,760.705
CAEYLRSIS*LPVPVYL
(SEQ ID NO: 30) 1,738.896
LQERRKY*LKHRC
M (SEQ ID NO: 31) 1,709.878
SRPRSCTWPLPREI
(SEQ ID NO: 32) 1,696.906
TRSRHSSYPAGTEEC
(SEQ ID NO: 33) 1,680.739
CAEYLRSISLPVPVL
(SEQ ID NO: 34) 1,658.929
MSGRPRTTS*FAESC
(SEQ ID NO: 35) 1,609.649
RQGKDY*VGAIPYDC
(SEQ ID NO: 36) 1,600.719
RQGKDYVGAIPVDC ‘
(SEQ ID NO: 37) 1,520.752

A 14-3-3 binding motif #1 antibody (Cell Signaling Technology,
Inc., product number 3606) was linked to agarose resin using a hydrazide
chemistry (the same chemistry used to produce the P-Tyr-100 agarose
5  resin used in Example 1A above), using a commercially available

crosslinking kit (BioRad Affi-Gel HZ Immunoaffinity Kit, product number
153-6060) and following the manufacturer’'s instructions. Each milliliter of
resin was reacted with 1 milligram of antibody. Phosphopeptides were
selectively isolated from the 14-3-3 binding motif peptide mixture by

10  contacting the peptide mix (10 pmol each peptide) with this antibody-resin
(10 ul, 1 pg/pl). The antibody was incubated with the peplides as a slurry
at room temperature for 1 hour and 4 °C for 1 hour. Unbound peplides
were removed by centrifugation, and the antibody-resin was washed
extensively (twice with 1 mi ice-cold PBS and once with 1 ml ice-cold



SRPRSCTWPLPREI (SEQ I D NO 32) 1,696.906 TRSRHSSYPAGITEEC (SEQ I D NO
33) 1,680.739 CAEYLRSISLPVPVL (SEQ ID NO 34) 1,658.929

MSGRPRTTS* GAESGofsSEQ | D NO 35 1, 609. 649 RQGKDY* VGA| PVDCp&EEQaByshio
36 1,600.719 RQGKDYVGAI PVDC (SEQ ID NO 37) 1,520.752 A 14-3-3

bi ndi ng notif #1 antibody (Cell Signaling Technol ogy, Inc., product
nunber 9606) was |inked to agarose resin using a hydrazide chemstry
(the sane chem stry used to produce the P-Tyr-100 agarose 5 resin
used in Exanple I A above), using a commercially avail abl e
crosslinking kit (BioRad Affi-Gel HZ | mmunoaf,nity Kit, product

nunber 153- 60@@)erhrﬁbundlp&mdag\lx{ememmw&bmewtdallqétptmfdﬂ dhs. Each

illilit f d f
Phosphopept | deBlVaBRePHaad <k Bk epPyicadtae Blitad Brise waF S andng
notif peptide ghpddt@idywiid aGenb@es! gsé !Z@)Wﬁﬁcbr‘é@olmﬁh tfBrepamdlygach

peptide) with this antibody-resin pl al/l). eantlbody was
i ncubat ed wi t hby W@pT@E%a%S%CHPU@W a%’e"%%Wﬁi}%@r ature for 1
hour and 4 C for 1 hour. Unbound Peptldes wer e rem)ved ){
centrifugatdon, andTh&eassspeeds of ¥isi peniide M deiae (Op wcwf(ﬁtrvm ce

\ISMCEI'P uéorzn/ 1[9220&%@5{:)&@ rgjmﬂgoun@ﬁlyﬂpdm tslé'ﬁgrreg%%q/ﬂdﬁ%bt h “one §0 I
al i quot of 0. lldbelayl with astarpdr2spondicphospbopepidesf antipeakuiabdled
P M e e Tt e
descri bed abovibeled with filled stars are phosphopeptides that are not expected to bind
10  to the 14-3-3 binding motif antibody because their sequences do nof fit
the antibody’s known specificity. Of the four phosphopeptides in the
mixture that contain the 14-3-3 binding mofif, three were isolated by the
14-3-3 binding motif antibody, and they correspond to the major peaks in
the fraction of peptides that bound fo and eluted from the immobilized
15  antibody (Figure 9, bottom panel). One 14-3-3 binding mofif
phosphopeptide was not isolated (SEQ ID NO: 29, calculated protonated
peptide mass of 1,738.9), but it also could not be detected in the
untreated peptide mix, /.e. it may be a poorly ionizing peptide. The
phosphothreonine-containing peptide, which contains a slightly variant
) 20  mofif (phosphothrecnine in place of phosphoserine), was also isolated
(SEQ ID NO: 27, celeulated protonated peptide mass of 1,777.8); it was,
in fact, expected to cross-react weakly with the antibody. Two peptides
that do not contain sequences that match the antibody’s specificity were
isolated, one was a phosphopeptide containing the phospho-Akt substrate
25  motif (SEQ ID NO: 35, caiculated protonated peptide mass of 1,608.6)
and the other was unphosphorylated (SEQ ID NO: 25, calcuiated
protonated peptide mass of 1,910.9). Several peaks in the bound and
eluted fraction (1,941, 1,770, 1,642, 1,526) are also present in the bound
and eluted fraction of a negative control, antibody-resin treated with buffer
30 instead of peptide mixtures. These artifactual peaks appear o originate



5 The mass spectra of the peptide m x before (top panel) and after
(bottom panel) inmmunoaffinity purification are shown in Figure 9.
Peaks | abelegdomssh a star correspond to phosphopepti des, peivdspaaks

| abeled wth an open circle correspond to nenphosphoryl at ed

pepti des. Peaks labeled with filled st-al)s- are phosphopepti des t hat
are not expected to bind 10 to the 14-3-3 binding notif anti body
because their sequences do not fit the antibody's known specificity.
O the four phosphopeptides in the mxture that contain the 14-3-3
binding notif, three were isolated by the 14-3-3 binding notif

ant i body, and ftamejhesniibesiyeradintpeparationpod ceagksbably be lwoideddtyi on of

(Froure o,  portahitaeiiling B haildh 5F s0tiiviaiin PR e st Sbndy ot
was not i sol atigdhreSEQingIhd@NtiR8dy-eedin befre dpplydigpeptidd mirkpsd. de nass

of 1,738.9), but it also could not be detected in the untreated
peptide mXx, he. iThieeshi fatiroesstablished dlengeredlity 6ftheThethod of the

phosphot hr eoni_ne-cont ai ni n tide, ich contains a slightly
variant 20 5n1)t"|“fe”3‘8ﬁ6§/p‘¥i@f‘ﬁf? tﬁ@‘f%%ﬁ@“@@%%ﬁ‘&%r! ne), was
al so_isol at Edvivsacgé:t%@i/ér@#:h@ b% ImnRMoeHinfy SUrifRcAbANSS 88 RRRI HiffRAg Of

1,777.8); it ) fact, expected to'cross-react weakly wth the
anti body. Two ppeyieusly discupzad, docerain coreaias avgurnme seplidas at ch t he
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preparation and can cgro ably be ayoi ded by _manufacturing a new | ot
of anti body-r éﬁﬁdﬁs‘ﬁ’ REPHASS l?"*ﬁ'!!ﬁl Fira tapo el KEotE 685 consolEpd RNk i ng
the antibqdy- rRsirBd pehHHHI&, FRPIINGS nkHld SRid Kby Hefeasing the number or

stringency of the resin washes fo remove non-specifically bound peptides.

ExAmMPLE HI

A. Isolation of Phosphotyrosine-Containing and Phospho-Akt
Substrate Peptide Subsets from a Digested Crude Celi Extract

b ;
SNt

20 Example | demonstrates that several phosphorylation-specific
antibodies can be employed in the method of the invention to selectively
separate desired phosphopeptides from non-phosphopeptides. The
antibodies may be general medification-specific antibodies or motif-
specific, context-independent antibodies that recognize a short non-unigue

' 25 motif comprising several invariant residues, which motif is present on a
plurality of different peptides or proteins within a genome. As shown in
Example |, the antibodies can distinguish phosphopeptides from non-
phosphopeptides even when the only difference between the peptides is
the presence or absence of a phosphate group. In the present Example, it



This result further establishes the generality of the nmethod of the
5 invention by show ng that desired phosphopepti des can be

I sol at ed/ epg ghe@spy | nmunoaffinity purification, as descpeleshi94s0
herein. As previously discussed, in certain cases, as here, sone
peptides that contain the target sequenf&e-notif nmay not be isol ated,
and/or other --/ peptides that do not contain the target notif may be
I nadvertently or 10 artifactually purified, for reasons that are
uncl ear. Neverthel ess, the conpleteness and specificity of the

di scl osed nethod represents a substantial advance over alternative
phosphopept i deismimoiv that desiredritdsptiepeptisiepmasy beiselpctiealy isolated by the s

farget moti 1 apenas viafe ERAREh Byt BRI HBERE R Bdes” e
former may be phespegebidessidifaenpiypbs Thennethoar of the invegéon isoldtes he
o "l solation oleGSBRERSHSE eseh TRk RS RlRd R S1oRESS GG r at o
Peptide Subset §ntiﬂdél§?‘sasdacﬂi%ﬁ9 elti:sfélwl@h@% thabfid Asuits %@t@f@m} Qpﬂ)lylnge

denonstrates that seéveral sphoryl ati on-specific antibodi es can

enpl oyed in t hthereethed t@ﬁrqdeeceﬂrﬁ)@fﬂctwowy segesghle joe 988@@;98?%@%1 by
desired phosphapanhhdes nidifdl RON:RIBRARARRRLRSSDtTRSARb O €5 may

be general nodi i on-speci ant i bodi‘es or - specific,

cont ext - i ndependentrag *Qﬂﬂfayfj}éﬁgpaﬂoﬁ B0l ué,ﬂaéécrmé'a HEPEA W2

mot™f conpri sing severa res ues, i's” present
on-a pluralitgoraposkd bl élgesteeipzrud@selbﬁxtrﬁ%t@wwwemmsahﬁémm. As

shown in ampl e. |, [ L.es. l.St.i i '
Frou o BiooBhir b S AR B8 iR pRsEadse
peptides is t ke priekassicexmchiyas neeieotora Ji3avptiss ﬁb:@btaspcellsdhahbad
pr esent Exarrpl I t 03/ 00Q9 PCT/ USOZ(}J
desi red phosph fl%\g ) Cg gi%?’é’?f???/@ %@1 Rrpiglp Bg?a%gor\{%'f'ﬁ\[)%y of
the invention éﬁ@tﬁa@ h@@fﬁéeﬂﬁrd‘ﬁtéd Witk 5001/mi pla@et—@élw@rwfmfed&ﬁ of
different types. The net Lrhe I nvention Sé)|
(PDGF) for 15 mmutes he cells were washe harvested and lysed by
15 sonication, proteins in the lysate were denatured, and the lysate was
cleared by centrifugation. The exiract was then digested to peptides with
endoproteinase Glu-C immobilized to F7m, a polyvinyl matrix bead
(MoBiTec, part number P5101), and the immobilized Glu-C was removed
by centrifugation. The digested extract was treated with phospho-~(Ser/Thr)
‘. ) 20 Akt consensus subsirate motif antibody {Cell Signaling Technology, inc.,
product number 9611) to remove endogenous peptides recognized by this

antibody.

This depleted digested extract was mixed with the phosphotyrosine

peptide mix (Table 1) and the phospho-Akt substrate peptide mix (Table
25  3), so that each peptide was present at a concentration of 10 pmol/ml and

the background of peptides from the digested extract was 250 pg/ml. This

peptide-extract mixture (1 ml) was treated with either immobilized P-Tyr-

100 antibody (Cell Signaling Technology, Inc., part number 8419) or

immobilized phospho-Akt substrate antibody (20 ul, 2 ug/pl). After 2 hours
30 at4°C, each antibody-resin was collected by centrifugation and



t he phosphopepti de subset that would be expected on the basis of the
5 antibody's specificity. It is also showmn that the results obtained
by appl yi ngyo dslagpeset hod to crude cell extracts closely repgefokenbie
results obtained by applying the nmethod to well-defined synthetic
peptide m xtures. The exenplary preparatidn for the isolation
described herein was conposed of a digested crude cell extract to
whi ch the phosphotyrosine 10 peptide m x and the phospho- Akt
substrate peptide m x have been added. The crude cell extract was
made from 3T3 nouse fibroblast cells that had been stably

transf ect ed t oexepsigsly veasheddthike ﬁpreet\rdthﬂ kil iceseold GBS anditwo tindep withnd

that had b ted wt 0 / | et wt h fact
et e oD it e LB s BB BTN, oy
25 soni catlon aRIURASHPS. 11 dijisnd, p5RL 8. BBfcfe aﬁﬂ@éxurt@dwmmmﬁnbwate

was cleared by centrifugation. I he extract waS then digested to

peptides with Spediomeneiasaisscibed Boversis nthrt ef ﬂhﬁrﬁao@owpmﬁlmw
t bead T d Qu-C
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was rermved5 by RIUEES 1 e3t ed with
phospho- ( Ser / Trgversel-phdsecoipTansaicsosliratr at e ot |f anti body (Cell

Si gnal i ng Technol ogy, Inc. product nunber 9611) to renove
endogenous pept i desFmelé—d‘gmi']f)Gdanhboﬂi}hiasgemnﬁlirbmﬁiﬁcat‘ﬁnd—spaiﬁ‘pﬂ mibddy,

e

that each pept b@;ﬁid@;@%tﬁh@ﬁ@@ﬁﬂﬁdlﬁhé ktrsijbs@ﬁt@ﬁ»hd@hbb@bﬁdés, amz:h
t he background of peptides fromthe gested extract was 250

This pept 1@e- de npheentainghasehetyrogine, \,%IQ noneat e RinoR- @W@ppgpﬂ@es,
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part nunber 941 or 1 mmobilized phds trate antib
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col Lected by S e e aabaBI AT ROTLRIEIED T2

with 1 m i ceCompdmmmm: FlguBmémhowepMne dehosphetyrdsine-edniainingpapiideso

15 | 15 that were not identified from the peptide-extract mixture gave low sighals -
from a relatively simple mixture of synthetic peptides. These peptides may
ionize poorly when other peptides are present because they poorly
compete for protons.

For the phospho-Akt substrate antibody, a motif-specific, context-

A

J 20  independent antibody, the specirum shows the aniibody isclated 3 of the 4
phosphopeptides from the phospho-Aki subsirate peptide mix but none of
the 5 phosphotyrosine peptides (Figure 11, top panel). Comparison to
Figure 8 shows that the single phospho-Akt substrate peptide that was not
identified from the peptide-extract mixture gave low signals from a

25  synthetic peptide mix.

The phosphopeptide assignments shown in Figures 10 and 11
were confirmed by treating a portion of the bound peptide fraction with
calf-intestinal phosphatase, which can remove phosphate from
phosphopeptides. As expected, most assigned phosphopeptides were

30 dephosphorylated fo produce ions with masses 80 lower than the



aliquots of 0.1 Mglycine, pH 2.3. Before analysis by MALDI - TOF nass
spectronetry, as described above, a 9 | portion of the fraction

cont ai ni Ngwly RRYRG; and el uted peptides was desal ted and cpappEfi9isgd
with a reversed-phase Zi pTip mcrocolum. For P-Tyr-1 00 anti body, a

general nodification-specific antibody,-73he spectrum shows that the
anti body isolated 3 of the 5 phosphotyrosine peptides but none of
the 4 phospho- Akt substrate phosphopeptides, which 10 do not contain
phosphot yrosi ne, and none of the 9 non-phosphopepti des, as expected
due to the antibody's specificity (Figure 10, top panel). Peaks

| abel ed with apmmopepﬁmj((ﬁfngﬂremﬁmﬁpiﬁobemmqﬁmelsjn@cqmdmgm abel ed

with an open circle gorr t 0_no d tides
Conparison to ﬁ? [ﬁdeo ?ﬁB&gq{dﬁg rﬁa%ﬁ% %%P e%ﬁﬁ ?ﬁpwlex

pepti des 15 thﬁﬁnw@;m;ngdﬁm@memdfﬁm mlvgnmptlde extract m xture
gave low signals froma relatively sinple m xture of synthetic

pepti des. These peptides nay ionize poorly when other peptides are

present becausB.t helgopatiur gf PhospledpeptidespContainingHitie 14:8-Bsrihig- Akt
substrate asti body, Matiféidnh adligesfddcCriadmnCel Exteieti ndependent
anti body, the spectrum shows the antibody isolated 3 of the 4

p][los fEOpgpt ihdes f [ ofg thetheh esmhpla‘kldn;animgtthait r@s?l@blbtd'me:m' wit%bco(:)maa eBi
Co Foure 8 <ROms RapeBsaTbigite prudsibned b fiietisa SRR hat

was~ynot i dent Eépt@é rfxfx@ﬁ?e& h@ e pedthbd of B ihdoN Wad empaRee th Wulakgaal s
frama 25 synthetic peptide m x.. The phosphopepti de assignnments shown

in Figures 10 amdbinding\apti- C@BFW”*F%BOWWQW%E{O@ HEPMPEX Biktiae
bound pept jgle Eélﬁ?ﬁétﬁ%’j‘a et”rb lﬁéﬁéﬁd Qhﬁ%k@@*ﬁm g8s, Whi ch can
pect e

renove phosphate opeptldes nDst assi gned

phosphopept i des wer osﬁ%‘ﬁ@%@’iaﬂé@? ﬁg rfh%n@é!@%ﬁ@eiom%d‘ﬁe?éin%%ses

80 | ower than the { 19480 -73 sphopeptid
(Fi gures 10 ancomposdsbel adigeaied asyde pelbexttiaiyp whicht e 14-3-3 binding

motif #1 peptide mix (Table 4) has been added. An endoproteinase Glu-C-
digested crude cell exiract was prepared from 3T3 mouse fibroblast cells
15  stably fransfected to express active Akt protein kinase constitutively, as
described in Example lI(A) above, This digesied exiract was mixed with
the 14-3-3 binding moiif peptide mix (Table 4), so that each peptide was
present at a concentration of 10 pmol/mi and the background of peptides
b from the digested extract was 0.5 mg/ml.

20 Immobilized 14-3-3 hinding motif antibody was prepared by mixing
1 myg of 14-3-3 binding motif antibody and 0.1 mi of protein A-agarose
resin (Roche, product number 1 134 515) avernight at 4 °C, Unbound
antibody was removed by washing the resin three times with cold PBS.
The amount of antibody bound to protein A-agarose was shown o be

25 4 mg antibody/ml resin by measuring the absorbance at 280 nm of the
antibody solution hefore and after immobilization.

The peptide-extract mixture {1 ml) was treated with immobilized 14~
3-3 binding motif #1 antibody (20 pl, 1 ug/ul). After 2 hours at 4 °C, the



desi red phosphopepti des may be selectively isolated froma conpl ex
m xture according to the nethod of the invention. B. Isolation of

Phosphopepfigdgmedeent ai ning the 14-3-3 Binding 5 Mtif frad/asozio4se
Di gested Crude Cell Extract As another exanple confirmng that

results obtained with crude cell extracths-closely resenble the
results obtained with well-defined synthetic 9 peptide m xtures, the
nmet hod of the invention was enployed to isolate 14 3-3 binding

not i f - cont ai ni ng phosphopeptides froma conplex m xture 10
conprising a cell extract and a mixture of synthetic peptides. The
exenpl ary pr epantiiodyiesio wasieollesied & ecamtiifugalidroant axessivelyagashed

ot T #1 pept i MEREE THNE s RS Bh 8oy i Letti hapd) ™ "
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(Table 4), resent a concentr at

pnol / m and thaa@dek@te]ﬂmtﬂ mjnqmep‘ata;ﬂaslth arevarsde-plage £ifdp ext ract was
0.5 mg/m . 20 I mmbl |ized 14-3-3 binding notif antibody was prepared
by m xi ng n'ﬁ“%?cclﬁmﬁ 3 binding notif antibody and 0.1 . m of
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I ce-cold PBS and once | ce-cold Boun
large background of potentially interfering, noh-binding peptides from a
15 digested cell exiract. Accordingly, desired phosphopeptides may be
selectively isolated from a complex mixture according to the method of the

invention.

ExamMpLE [l

20 Isolation of Phosphotyrosine-Containing Peptides from An Extract of
Cells Overexpressing Epidermal Growth Factor Receptor
The selective Isolation of modified peplides from a complex mixture
according to the method of the invention was further demonstrated using a
25 digested whole cell extract and a general phosphotyrosine antibody to
isolate known phosphopeptides. A model system, the A431 epidermoid
carcinoma cell line overexpressing the human epidermal growth factor
receptor (EGFR), was selected since the modification (phosphorylation) of
sites on this protein is well-studied. Activation of EGFR family members is
30 associated with many tumors. Five sites of in vivo autophosphorylation
have been identified in EGFR: three major sites (Tyr-1068, Tyr-1148, and



pepti des were then eluted with one 30 | aliquot of 0.1 %
trifluoroacetic acid. Before analysis by MALDI - TOF nmass

spectrorretmgm@ggglpscri bed 5 above, a 9 pl portion of thepfrrasiziodso
cont ai ni ng bound and el uted peptides was desalted and concentrated
with a reversed-phase ZipTip microcoluf.- Figure 12 shows the

pepti des that were bound and eluted fromthe 14-3-3 antibody-resin.
Peaks | abeled with a star correspond to 10 phosphopepti des, and peaks
| abel ed with an open circle correspond to nonphosphoryl at ed

peptides. Conparison of Figure 12 and ure 9 shows the nethod
i sol ated t he Jamd17duand wvansnorcifes (’éw B pyI-Hed6) (Povmvend et al., J.

synt het i c peptg,%ecgg bﬁﬁﬁ%@ﬁ ProdB) i ¥as, ?xééh‘eﬁ? J. 958: §19.27

| ar ge backgr oun nt i ring, non-binding peptides
froma 15 di g€$9&3); WrgohsmtraicEMBmdoﬂma*@ &80 d%%éﬂlahbtmspalqpé@mdes
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Phosphot yr gsi r&g&@t@ﬂ% Bengphsddickde it comidfe Extract of Cells
Over expressing Epi dermal G owm h Factor Receptor The selective

i solation of nodif ik bamnfwmmam@aws%udwsﬂm ceﬂ!@WréltlﬁgtetCD
the net hod of the |nvent|on was further denonstrated usin

di gest ed whol &vitet( ”@/mir%%f Terpiminyes apd thesnwashas ?‘F%E?W@g@at Tﬁ%dy to
i sol ate known g P. AR @B'bg%%mc%nsﬁokﬁbte%ﬁn% I)Fé&%e MR demitdeidahg

carz,l noma cel | erexpressin human epi dermal growth fact or
recept or ( EGFRhe lymats wes stereet by ﬂeé’iﬂfm’ﬁﬁbdﬁ& @%ﬂ exgract was analyzed by

(phosphor I ati t

hot 1 vat 1 ontUot SReAAGR Y WeBRn) Dol s ) of ShekthBeted |
Five sites of E@FRl(Fgumjﬂﬁplﬁuﬁmeyﬁaurfmeateda:eﬁs tdgurel thiand 1 ptha n
EGFR three majaor sites (Tyr-1068 r-.J ALl .
PCT/ US0211948 amegroﬁw.r%a@’ﬂwzaﬁw F’x‘%’ r?ﬁqoﬁoaﬁ’g?f’?gg” i\é%%%ggg% I
Tyr-1086) (DovrmeER{lzpl B! Proleins B the ex@metsuRfifatatthat: Sigested385) ;
Fsuan et at, %Ie%%ges wrtﬂ try%gl% im?‘n%%il%z?ezd to POROS resin (Applied Biosystems,
15 part number 2-3127-00), and the immobilized trypsin was removed by

cenirifugation.

To selectively isolate phosphotyrosine-containing peptides from the
complex mixture of peptides contained in the proteinaceous preparation,
the trypsin-digested crude exiract (about 2.5 mg protein/mL) was

) 20 contacted with an immobilized general tyrosine modification antibody, P-
Tyr-100 antibody-resin (Cell Signaling Technology, Inc., product number
9419} (20 pl). The slurry was incubated and processed as described
above, except that the first wash was with 0.5 ml PBS contaihing 0.1%
Tween 20. Figure 14 {top panel) shows the mass spectrum for the bound

25 peptide fraction from this complex mixture (digest). Peaks labeled with a

star correspond to two known phosphotyrosine sites in EGF receptor: the
protonated tryplic peptide containing pTyr-1148 has an expected mass of
2,316.0, and the peptide containing pTyr-1086 has an expected mass of
2,479.2. Note that these EGF receptor peptides were expected o be the



(1989); Margolis et al., EMBOJ. 9: 4375-380 (1990); Walton eta!., J.
Biol. Chem 265:1760-54 (1990)). EGFR is the maj or phosphoryl ated

protein 5 exppehedito be expressed in this cell line. A cgttuseziosse
preparation was obtained as follows: A431 cells were treated wth 20

ng/M EGF for 5 nminutes and then washed- &ed harvested. The cells
were |ysed by sonication, proteins in the |ysate were denatured, and
the lysate was cleared by centrifugation. The cell extract was

anal yzed by 10 SDS- PAGE and Western blotting to show the |evel of
phosphorylated EGFR (Figure 13). Conpared to untreated cells (Fi.gure
13, lane 1), tmejormipephplymsiienpepicegin fedbamyndrragiionibe@musatheod) in

EGF-treated cells i R i inth tract
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nunber 9419) phaspiopeptidas wetercamplately derhnepbaryigied fr psyse aewdons
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031000931 PCT/ MaHelS48Ed oufffor BRY despi sitheihicasisngepaption esings t he

bound fraction, hecause the cell 1ine overexpresses the EGF
recept or. desired, immobilized modification-specific antibody.
15 ExampPLE IV

isolation of Phosphotyrosine-Containing Peptides from an Extract of
Cells Expressing Activated Src Protein Kinase

- To demonstrate that the set of phosphopeptides isolated by the
" ) general phosphofyrosine antibody is a property of the cell exiract, the

20 method of the invention was applied 1o a digested whole cell exfract
different from the one used in Example lll. Here, the exemplary system is
373 mouse fibroblast cells stably transfected to express active Src protein
kinase constituitively. The Src family of protein kinases is important in the
regulation of cell growth and differentiation (Thomas and Brugge, Annu.

25  Rev. Cell. Dev. Biol. 13, 513-609 (1997)). Src protein kinase participates
in many different signaling pathways and can affect diverse biological
processes. Src is known to phosphorylate its target proteins on Tyr
residues, i.e., it is a tyrosine-specific kinase.



To confirmthese assignnents, the isolated (i.e. bound) peptide
fraction was treated with a phosphatase enzyne, as described above,
and 5 thewbrggedeest fracti on re-anal yzed by MALDI - TOF nmasseCT/US02/19480
spectronmetry, as descri bed above (Figure 14, bottom panel). As
expected, these two phosphopeptides wer’d conpl et el y dephosphoryl at ed
to produce newions wth masses 80 | ower than the phosphopepti des,
corresponding to the renoval of one phosphate group from each
peptide. Accordingly, the 10 nethod of the invention selectively

i solates nodified peptides, e.g. those containing phosphotyrosine,
from a conpl ex m xtAdigesiedtcallexpreluas prapaged py 6@@4&5&@@8@3 celis

preparation (dlgesldith efdiiRidifknaBX I TRE LdIs Werll V&L bPSOAELRRE  MBY be
eparation Using a

. B8k
carried out fof any daesited protel haceous pr
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fibrobl ast cel tran cted to express active Src protein

ki nase const i tteansfeatey (lame d) 8F 8 celigeng pebing tedhiat wWith Bsbg-109
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t yr osi ne- speciddilg. ki nase. WO 03/ 000931 PCT/ 13S02/ 19430 -77 A

di gested cell extract was prepared by harvesting 3T3 cells

expressing Src protRoteikd incthe exiFast werel digentee td pegitiesywitoimmabilized

Proteins 1N the s hd e amBEREY t5Pein st et ¥ ortiigBlss” o0 oY

15  Immobilized P-Tyr-100 antibody was prepared by mixing 1 mg of P-Tyr-

100 and 0.1 ml of protein G-agarose resin (Roche, product number 1 243
233) overnight at 4 °C. Unbound antibody was removed by washing the
resin three times with cold PBS. The amount of antibody bound to protein
G-agarose was shown 1o be 5 mg antibody/ml resin by measuring the

Y 20 absorbance at 280 nm of the antibody solution before and after

immobilization.

Phosphotyrosine-containing peptides were isolated from the
complex mixture of peptides contained in the proteinaceous preparation
by contacting the trypsin-digested extract (about 12 mg, 1 mg/mi) with

25  phosphotyrosine antibody P-Tyr-100 that was bound io protein G resin
(20 pl, 5 mg antibody/ml resin) in batch format at 4 °C for 16 hours.
Unbound peptides were removed by centrifugation, and the antibody-resin
was extensively washed (three times with 1 ml ice~cold PBS and twice
with 1 ml ice-cold water). Bound peptides and antibody were then eluted
30 with 100 pl of 0.1% friflucroacetic acid, and the eluted peptides were



centrifugation. To show that activated Src protein kinase had 5
phosphoryl ated many target proteins, the cell extract was anal yzed by

SDS- PAGE a@@ oé¥bsdogr n bl otting (Figure 15). Activation of &Eusrabsdn
ki nase was shown by blotting extracts of untransfected (lane 1) and

Src- transfected (lane 2) 3T3 cells andf8obing the blot with P-Tyr-1
00 antibody (Cell Signaling Technol ogy, Inc., product nunber 9411).
The 10 level and extent of tyrosine phosphorylation was nuch greater
in cells that had been stably transfected with Src protein kinase
than in untransfected cells. Proteins in the extract were digested
to peptides wi sépdrateddidrn ebded anijirsivhy eandrifupatiominodigh a ddictocpp il

b apar o by m A9 A 0AHS GuiBrg bR Rk ey . Sfrigh By EOBEUPEC
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anti body so ut| efore an ter 1 mmobillzation
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nmol ecul es
phosphotyrosine antibody-resin gave new ions with masses 80 lower than
15  the phosphopeptides after treatment with phosphatase, indicating they are

phosphopeptides.

The peptides that bound to and eluted from the phosphotyrosine
antibody were further analyzed by LC-MS/MS. A 25 ul portion of the
peptiide fraction was desalted and concentrated with a reversed-phase

20  ZipTip microcolumn and eluted with 2 pl 0.1% trifluoroacetic acid, 40%
acetonitrile. An 0.4 pl aliquot of the eluted fraction was mixed with an
ACHA matrix solution and analyzed by MALDI-TOF mass spectrometry,
and it gave a spectrum similar to the one shown in Figure 16. The
remainder of the eluted fraction was analyzed by LC-MS/MS.

25 LC-MS/MS analysis was performed with a ThermoFinnigan
Surveyor HPLC system coupled to a ThermoFinnigan LCQ Deca ion trap
mass specirometer. To reduce its acetonitrile concentration to a level that
would allow peptides to bind fo a reversed-phase support, the sample was
diluted 10-fold with 0.5% acetic acid, 0.005% HFBA (heptaflucrobutyric



wi th nol ecul ar wei ghts above 10, 000. Before anal ysis by MALDI - TOF
mass spectronetry, a 9 d portion of the YM1 O flowthrough fraction
was 5 desaMteeabioardi concentrated wth a reversed- phase Zi pRCpUS02/19480
m crocol um. The nmasses of the peptides_that bound to and el uted
fromthe phosphotyrosine anti body wer e~ ABasur ed by MALDI - TOF nmass
spectronmetry before (Figure 16, top panel) and after (bottom panel)
treating the peptide fraction with shrinp al kaline phosphat ase, which
can 10 renove phosphate groups from phosphopepti des and produce ions
with nasses 80 | ower than phosphopeptides for each phasphate grou
in the peptid@acid 81%%Enfiwerhé>aéﬁ RHBReRN0BY e afa@folaﬁa@wﬁwaséap
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sol ution and anal yzed by MALDI - TOF nass spectrometry, and it gave a

spect rum si i | ﬁpmfbemwméywmﬁﬁr gradieny o nciepsingheCetp@iffie nder of t he
-.gi)ed fracti 080 t@ﬂ@ﬁé%ﬁ%oﬁﬁnéi%feﬁﬁa%@ofﬁ&ihﬁhmy M5 anal ysi s was
urveyor HP

ormed with erm) I nni gan C systemcoupled to a
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acetonitrile concentration to a OW peptl esto
bind to a reveBB@@Qﬁh@s@@@Wl@ﬂ uphigeanmbthe M@mncatmreas used t9l d

perausoa! 16aso e RENEAPLE it SR o rBol Bl e
acetonitril e cemprai MhewndPinnigan Xealiaw shitwase m@sasspdéersmstsumem gonttod
difuted sanpl Cang %la{aogcgq%?& onnt %\sapeptldes eluted from the LC column, MS/MS
15 specira were collected in a “fop-three” data-dependent manner: the
methed performed a survey MS scan and then collected MS/MS spectra
for the three most abundant ions, if they were above a pre-set intensity
threshold and if they were not recently analyzed by MS/MS already
(recognized by using the dynamic exclusion feature of Xcalibur software).

E
f—g

20 - Peptides were identified by analyzing all the MS/MS product ion
spectra with Sequest, a program that correlates an experimental spectrum
to a library of theoretical spectra derived from protein sequence
databases to find a best-fit maich. One unambiguously identified
phosphopeptide is a phosphotyrosine-containing peptide from enclase A

25 (Figure 17), an abundant enzyme. The residue identified as a
phosphorylation site by this method is known to be phosphorylated in cells
transfected with Src (see, e.g. Tanaka et al. J. Biochem (Tokyo) 117: 554~
559 (1995) and Cooper ef al. J. Biol. Chem. 259: 7835-7841 (1984)). This
phosphopeptide corresponds to a prominent peak detected during

30 MALDI-TOF mass spectrometry, labeled *1,885.2" in Figure 16,



capillary colum (75 pminternal dianeter, 15 pmtip, fused silica
PicoTip, New Objective, part nunber FS360-75-15-N) that had been
packed wi tWwobishb@src CL8AQ reversed- phase resin (5 pm partpctesnz/14430
Angstrom pores, M chrom Bi oresources, part nunmber 9996610000) and
equilibrated with 0.5% acetic acid, 0.0¥59% HFBA, 5% acetonitrile.
Peptides were eluted fromthe columm by a linear gradient of

i ncreasing acetonitrile ) concentration at a nomnal flowrate of 250
ni/mn. 10 To induce electrospray at the tip of the colum, 2,000 V
was applied tg a liquid junction ugéstream of the colum at a cross

used to rnodul de@opsiEatindolhe saree phesrhianRerlifedsigried dUINgMALPEMP by
Gatlin et al., caﬁ'd@rﬂ?ﬂh Tg\%yiﬁafbgi@wﬂca' i bur software was used for
(f ata acq

i nstrument contro an isition. As peptides eluted fromthe
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a.;;'ggst-fit mat ch. One unanbi guousI}{l identified, _phosghope tide is a
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Src (see, e.g. tMeainnanesfiiaty puriiRieben efphoibppprtides issimosEEpPopgidiFs)
and Cooper at al. J. Biol. Chem 259: 7835-7841 (1984)). This
phosphopepti de corresponds to a prom nent peak detected during 30
MALDI - TOF mass spectronetry, | abel ed "1,885\5" in Figure 16, WO
031000931 PCT/ US02/ 19450 -80 deronst®dMPhEY he same phosphopept i des

detected during, Mihbn U Peptides Containing the Phospho-(Ser) PKC Substrate

Motif from an Extract of Jurkat Cells Treated with Tetradecanoy!
15 Phorbol Acetate

The method of the invention was further demonstrated using a
motif-specific, context-independent polyclonal antibody, phospho-(Ser)
PKC substrate motif antibody, to purify phosphopeptides containing the
) phospho-(Ser) PKC substrate motif from a digested whole cell extract.

20 Protein kinase C (PKC) family members are involved in a humber of
cellular processes such as secretion, gene expression, proliferation and
muscle contraction (see e.g. Nishikawa ef al. J. Biol. Chem. 272: 952-960
(1997) and Pearson and Kemp Methods Enzymaol. 200: 62-81 (1991)).
Conventional PKC isozymes phosphorylate protein subsirates at serine or

25  threonine residues when the target residue occurs within the consensus
sequence motif (RIK}R/KX(S/T)(hyb{R/K) (SEQ D NO: 38), where R/K
indicates arginine or lysine, X is any amino acid, 8/T indicates the target
serine or threonine, and hyb is a hydrophobic amino acid.



can be further analyzed by LC-Ms. Accordingly, imunoaffinity
I solation of nodified peptides by the disclosed nethod detected a

si te knownwibasbesphosphoryl ated under 5 these cell cultursCusdiip4sons
and, as expected, the assigned site fits the antibody's known
specificity. This result, isolation of Bknown enol ase

phosphopepti de from a digested extract of nouse cells, is in stark
contrast to the results reported in Marcus et. al.,supra., where,
following the failure to isolate a phosphotyrosine cont ai ni ng
pepti de fromgel 10 purlfled hunman enol ase

expressly concl uded”N3spio-Serncastippiraly "BQI f.w1995y"§?§b$lgnah
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nunber 2261) r ﬁ@ﬁﬂﬂ?lom@' rofing et aydfe phdsbaoeitted by conventlonal PKC
15 isozymes on a genome-wide (cell-wide) basis.

it was

For this example, the model system was Jurkat cells, a human cell
line derived from an acute T cell leukemia, that had been treated jor 10
minutes with a potent activator of protein kinase C, tetradecanoyl phorbol
acetate (TPA). The cells were washed, harvested, and lysed by
- ) 20  sonication, proteins in the lysate were denaiured, and the lysate was
cleared by centrifugation.

To show that TPA had activated protein kinase C and caused an
increased level of PKC-specific protein phosphorylation, the cell extract
was analyzed by SDS-PAGE and Western blotting (Figure 18). Induction

25 of PKC substrate phosphorylation was shown by probing a blot of TPA-
treated cell extract (lane 2) and unireated cell extract (lane 1) with
phospho-{(Ser} PKC substrate antibody (Cell Signaling Technology, inc.,
product number 2261). This showed that TPA treatment altered the
phosphorylation state of a large number of different proteins that contain

30 the phospho-(Ser) PKC substrate motif.



phosphoryl ated proteins that contain the consensus sequence notif
when phosphoryl ated but does not recogni ze the anal ogous

unphosphor wagsgmosd: noti f. The specificity of the phospho- 6&eti3e2RKS0
substrate antibody is that it binds preferentially to proteins and

peptides that contain phosphoserine pre8éded by arginine or |ysine
at positions -2 and +2 and a hydrophobic residue at the +1 position,
i.e., (RRK)XS" (hyb) (R K) (SEQID NO 39), in a mnner substantially
i ndependent of the surrounding am no acid 10 sequence. The anti body
does not recogni ze the non-phosphorylated notif or the notif

cont ai ni ng phosphot RrdiAE freitha extiast werpaigesteddd pegtides wih this

anti body can b I CERL | t ; ' ntion
to purify pep? F@gggdﬁ%f&c%ﬁ{gﬁﬂﬁ&ﬁﬁ%ggﬁ%ggﬂg%(@&l%@%gg%‘?ate
motif, to i de(iloBieof pant npmbeePA$01hand they inbmobilipsg Blu-Z whe cerhgved
conventional PKC 15 .1sozymes Qqn,. ome;w de | -wi de) basis. For
Che axanpre, | Dret Ry R R R R LPRY Subkifte Aoty wad
derived fros apreperdcad destribddeiorvsifers intrhabiihrriPrbgenobradbedy f or 10
mnutes with aé)xotent \%ctlvat or of protein kinase C, tetradecanoyl

phor bol  acet af e _ 'FI‘F@_ ipBIqhllizgd antibady vEs ayaiupied ag desgiivedy sed
by 20 soni cati ghyvePaft RIuURd tbeohiih hhﬁéﬁtiﬂtﬁ%ﬁp&?ﬂ%ﬁé&ﬁ: and the

| ysate was cleared by centrifugation. To show that TPA had activated
protein kinase C angd dpfdes sdARRAYEHe PRYSh IS Ef PraPstidtiate
pr.otei n phosphoryl at?o . hg cesl‘lf ex‘t ?@c_tepaasbang?yrfed by SDS- PAGE
and-/West er n bl owlif wgrg piigfiaderarg the GliGedigesied Srgde ealGdiass withitee
phosphoryl gti o NESy lth(ﬁm | _ tr I
extract (I g(?le %S‘ amﬁunt ré]ﬁ%éélﬁ&%ﬁ:@ﬁle% érﬂg S%){eg’:lﬂe?%e %ﬁ?&&ﬁz@b
phospho- ( Ser) RIKCTsudvst! pasteing mtsishrdyadtabivith Sngradiized andibbdyrresiy (40
Inc., product nbe 261). This.s t TPA treatnent altered
the " phosphor ykhérBamdl a2t faimes B8 e B hodrsapd BRbATT papsRRs
that contain 3QetdRerirRsPiPcéritafubaliist Thebsitibatig-rasihivias WESHEY 000931
PCT/ US02/ 19480 -82 Proteins in the extract were digested to peptides
Wwith extensively (three times with 1 ml ice-cold PES and twice with 1 ml ice~
15 cold water), Bound peptides were then eluied with 150 pl 0.1%

trifluoroacetic acid, and the eluted peptides were separated from eluted

antibody by centrifugation through a Microcon YM-10 membrane

(Miliipore, product humber 42407}, which retains molecules with

molecular weighis above 10,000, Before analysis by MALDI-TOF mass

s ) 20 spectrometry, a 9 ul portion of the YM-10 flow-through fraction was

desalted and cornicentrated with a reversed-phase ZipTip microcolumn.

MALDI-TOF Analysis

The masses of the peptides that bound o and eluted from the
phospho-(Ser) PKC substrate antibody were measured by MALDI-TOF
25 mass specirometry (Figure 19, top panel). Phosphatase freatment and
metastable decomposition (bottom panel) showed that the antibody-
purified peptide fraction contains several candidate phosphopeptides with
phosphosetrine or phosphothreonine, as expected based on the antibody’s
specificity. In Figure 19, peaks labeled with a star correspond fo



endoproteinase Gu-C imobilized to F7m a polyvinyl matri x bead
(MoBi Tec, part nunber P5101), and the i mmobilized G u-C was renoved
by centri fwgadsiooms1 | mobi | i zed phospho-(Ser) PKC subst r at ecamkenoey
was 5 prepared as descri bed above for inmpbilized P-Tyr-100 anti body
(Exanpl e 1V). The imobilized anti body wa$-eval uated as descri bed
above and found to contain 4 ng anti body per m of resin.

Phosphopepti des contai ni ng the phospho-(Ser) PKC substrate notif
were purified fromthe 3 u-Cdigested crude cell extract with the 10
anti body immobilized to protein G agarose resin. The digest gabout 40
ng, 1 ngtnmi pr ehespipRalides peaks @@e%ckwtm ARSBENCHElE GATSSPONY IQ esi n

(20, B o0 Flplghet el BBl i ol ot 3 it taboun

pepti des were fenov e antli y-T€si n was
washed ext ensphesphopebiides thatrbavenindergond matasteblediceBSirasdionwinde

with 1l m ice 15 l.d water). und peptides were then eluted with
150 p.10.1 % F?Pﬁ%’dﬁ%@i@?*@hﬁ I'd, and the eluted peptides were

YT 0 ment ane (VPRSI Bt Srre e G OlR R Rt i e
nol ecul es wi t hgpaBRRSRA(FIgEREOIY o) é:@,élﬁemtpaﬂfedrw eaapysios by

MALDI - TOF mass 20 spectronetry, a 9 | portion of the YM 10
fl owthrough fP&eks ﬁ%"fﬁﬁ*sbmééé%@’ﬂ%ﬁp%ﬁ{&”@bﬁ‘é@weﬁdﬁé‘%ﬁ%ﬁf f1¢-the peak

reversed- phase h%gmasgbﬂmhé%-pan%#&aﬂéﬁg@@'eﬁ"‘I?nelé%o aRp of
t hewpepti des that bound to and eluted fromthe phospho-(Ser) PKC

substrate anti bodks orespengdomaiagabipxicopmpositionProgisds pect ronmet ry
Fi 19 . :

Gecomposi 1 PoBeheptfle SHIRAE nod EANT bt AeSpiELAMRME, |

pﬁgts i ﬂgsg { ?(r:]fe i ghos;:dmp@'pti@e 'Emsafaltrauelhw wdhe dpteniphdiepmates with

CT hody s " spseranee e e Tor A RIREHLR BARES <iF pleder than the

correspond to PERKSODRAESIhdpEPtiddsSbas=l&480e de8@mpbsitiph ppmhiciciosm

peaks abel ed whLhoaRafBs and HenStriREhERRA

i5 conﬂgltir%d to focus ions that are
15 stable during analysis. For similar reasons, the expected mass shift for

loss of phosphate is —88, but —84 mass shifts are observed because,
unlike a stable ion, the mass of a decomposition product changes during
analysis. Metastable decomposition of phosphopeptides has been noted
by others and can be used to recognize arid assign phosphopeptides in a

) 20 MALDI-TOF mass spectrum (Annan and Carr, supra.). Analysis of a large
number of synthetic phosphopeptides by MALDI-TOF mass spectrometry
indicates that some peptides containing phosphoserine or
phosphothreonine (but not phosphotyrosine} residues undergo metastable
decomposition, For this reason, metastable decomposifion is a reliable

25  indicator of peptides that contain phosphoserine or phosphothreonine.

The phosphorylation state of the peptide fraction was also
evaluated by freating it with shrimp alkaline phosphatase, which can
remove phosphate groups from phosphopeptides to produce ions with
masses 80 lower than phosphopeptides for each phosphate group in the

30 peptide. All phosphopeptide candidates were aiffected by phosphatase



nonphosphoryl ated pepti des, and peaks | abeled with a square are
phosphopepti des that have undergone netastabl e deconposition and

neut r al - | os® @fpoosphat e. 5 Phosphopepti de peaks det ect epcriusazngsse
MALDI - TOF mass spectrometry (Figure 19, top panel) are acconpani ed
by conpani on peaks that are broader and8%pparently 84 | ower in nass,
e.g., the peak with a mass of 1989 has a partner peak at 1905, etc.
These conpani on peaks correspond to netastabl e deconposition
products of 10 phosphopeptides, formed by neutral -1 oss of phosphate
while. the phosphopeptide ions are traveling to the detector of the

mass spect r onEEeimentnd; LAk pheerhapestidppervd drhnesbentaled periiasader
than the peakg, Wer@ﬂ@?@b&gﬁ%éﬁaﬁ%ﬁé&i&e@%&&%ﬂ@%ﬁbﬁ: g{iﬁuerg 19,

products form after ionization the I nstrunent is con
f ocus ions thabolere ppBeBt abl e during analysis. For sinmilar reasons,
t he expected mass shift for |o0ss of phosphate is -98, but -84 nass

shifts are obsgpy '« Unlike a stable ion, the mass of a
deconposi tion gpolgglc@gcﬂang%lg during analysis. Metastable

deconposi tign of i be
usedrrFo recggni zepgﬁ@é@g@%&r\étﬁﬁg%%@p%ﬁa eggelﬁﬂrmé# Wk}&{%ﬁ? ﬁa(ggr)crr%gcs;
spec';] rum (Aﬂnaslﬁlmmtéig‘(rjdtif aaﬁtﬁrca!i_w?re/_;fncghmmal}dedaay 12C-9AS/MBIDL0 bf

synt hetic osphope es - mas ectronetr i ndi cat es
That etme boos BRIBRRE HiSertie on s aleg Bn sROSSHARY M. (but
nQt™yphosphot yr Fé'iﬁe?@d%l%e%ﬁ?ip‘%ﬂ[&%cﬁﬂ;rﬁﬁ”aﬁﬁteﬁfié@witﬁ%ggl@@% tion. For

t ht-8 reason, netastable deconposition is a reliable i ndi cat or of
peptides that tiflnveiaseiitocighéSraastordirileoshhed Bliguniiofighe ellted fraction

PRoSEROr YY1 A R e S Ry BRI ™
phosphat e gr ouptast speviphmsiph et gaesa spegtran sieildrdo shevothdshoms fes 80
RSP e DT R R R
WO 03/ 000931 PiR/4802/ 19480 -84
LC-MS/MS analysis was performed as described above (Example
15 1V). The chromatogram obtained by analyzing this sample is shown in
Figure 20. The first panel of Figure 20 shows where survey MS scans
were collected, and the second panel shows where MS/MS spectra were
collected. The third, fourth, and fifth panels show where neutral loss of 49,
) "“) 32.7, and 24.5, respectively, was detecied. During the fragmentation
20 process of MS/MS, peptides containing phosphoserine or
phosphothreonine often form an ion by simple loss of phosphate to
produce a neutral-loss ion that has a mass 98 lower than the
unfragmented parent ion. if the parent ion has a charge of +1, the neutral-
loss ion has a mass-to-charge value (m/z} of 98/1 or 98 lower than the
25  parent ioh mass-to charge value. Likewise, phosphopeptide parent ions
with charges of +2, +3, or +4 will give neutral-loss ions with m/z values
that are 49, 32.7, and 24.5 lower than the parent ion. The occurrence and
intensities of neufral-loss ions are plotted in the third, fourth, and fifth
panels of Figure 20 to help locate candidate phosphopeptides. The



treatment, and four phosphopepti des gave dephosphoryl ated pepti des
that were 80 lower in mass than the peptides before treatnent (Figure
19, Dbottowmgmnpedsyr LC- MSIMS Anal ysis 5 The pepti des t hat pamusid/iv4s0
and eluted fromthe phospho-(Ser) PlCC éjbstrate notif antibody were
further analyzed by LG M/ M5. A 40 | Ton of the peptide fraction
was desal ted and concentrated wth a reversed-phase Zi pTip

m crocolumm and eluted with 2 pl 0.1% trifluoroacetic acid, 40%
acetonitrile. An 0.4 gl aliquot of the eluted fraction 10 was m xed

ith ACHA tri | yt db
et oy, e S s Phelbal AP paite eadAEn ter G aite parly

Figure 19. An Fﬁtﬁe'chﬁim%@Farﬁ’fastéB&)e%té&ﬁﬂ ﬁbs?&{dpeptl@@éda@%méed by
LG MS/Ms. LC-Ms/ Ms anal ySis was pe orned as descri bed above

(Exanple 15 | wdrowwmmfmmﬁ@lgaterﬁr@m%@ﬁéldh@tw%ml ossigy obws’ge@wrrpl e
oA in Fig
Isﬁr\s;egwnl\/lsI gcans re co%ctég{?ﬁ& w S% @é%%é'ﬁgéqu

M5/ M5 spectd a with hospiidpeptidels. The third, fourt h, and fifth panel S
show where neutral |oss of 49, 32.7, and 24.5, respectively, was

detected. During th@s_f:fisags&mt,aeum lass @mrmgaMﬁ!MB memmp@maﬂ»‘esas

il e | 0gs of LN FaotBro BB A P F e TP AR Vihs X

mass 98 | ower ék@@té&@namﬁmgrphagmbp@@ne@é shewing Ifeutrakblopadentg LeA
harge of +1 tral has a, mass-t o- cha val ue

h
(R of “o8r 1 WS (Filise 20namnaing s a1k sine SHORGRRGRYen I G0

val ue. Likeyi Sﬁretéﬁ?&:ﬂ@@@@@rﬁbb&iﬁo:ﬁ’ﬁﬁﬁﬁ%hﬂ&@ T@F?ﬁh&@e&%n’f&iry}?@ur‘@
or +4 will give neutral-loss_ions with mz val ues hat are

and 24.5 | ower 12HaR peRel)psaechigureodl. Fri@ash sgkirabloss MRIMS ppegieim,itee
banel 5 of i gud b e g et ] e B B e o e wo
031000931 PCT1¢i808¢e vausgm/zeand the charge (2) fnferred from the neutral loss value
(+2 for neutral loss of 49, +3 for 32.7, and +4 for 24.5). Some individual
15 peptides were observed to undergo neutral loss as +2, +3, and +4 jons.
For example, LC-MS/MS specira 533, 534, and 535 show neutral loss
and correspond fo +4, +3, and +2 ions, respectively, of a candidate
phosphopeptide iabeled “2,413.3" in Figure 19. Both MALDI-TOF mass
spectrometry and LC-MS/MS give this peplide a mass of 2,413, and the
20 neutral loss observed during both mass analysis methods show the

N

peptide contains one phosphate. A comparison of datasets shows the
same peptides are detected by both mass analysis methods, and alil the
neutral-loss MS/MS spectra show the peptides contain one phosphate
group (Figure 21},

25 All the MS/MS product ion specira were analyzed with Sequest in
an attempt to assign a phosphoryiation site and parent protein to each
peptide, but this did not result in unambiguous assignments. During
MS/MS nearly all phosphopeptides underwent neutral loss to a very high
degree with very little residual fragmentation along the peptide backbone,

30  which is needed to produce specira of a quality high enough for



neutral | oss plots show t hat phosphopepti de candi dates tend to elute
early in the chromatogram as expected for phosphopeptides due to

t he hydr opbiokbapbily of phosphate groups, and that neutralPdTos®2/i%s0
observed in many of the MS/ M5 spectra, suggesting this sanple is
highly enriched 5 wi th phosphopeptides-8&s di scussed, neutral |oss
during MSIMS is the sanme process as netastabl e deconposition during
MALDI - TOF mass spectronetry. As expected, many of the

phosphopepti des showi ng neutral |oss during LG MsS/ Ms (Figure 20,
panel s 3-5) are the sanme phosphopeptides that gave 10 netastabl e
deconposi t i on UaaRbigioVALESEIgnOEHRdB 96pR@ Padtiang fragrgentation was ghfie
panel ), see Fi . ; SRSSdUBY

parent ion mggmfﬁfg%gg%@gﬁgﬂ%tgggﬂrmﬁﬁ%ent |onl{§]tllds%rl-?ify
charge val ue (g péptided. Akaobdchakrye| s isd eomedit linigionenouniessd | oss

I 2 f f f .7, .5).
\égrrgei n((:Ii+vi dﬁ@#ﬂﬁg%ﬁbﬂ# g’z@y%éPﬁ888@}%}5\,020{5“%ﬁ'néﬁé‘ggggg%éﬁ iaarfddl o)ss as
+ﬁ, +3, fmﬁlI +;&)hb9ﬂﬁothrdeﬁﬂrnee&@m%, DeGrrigEé kﬁaamvd az.gE@&awh@M, and 535
show neutral loss  and_correspond to +4, + nd +2 ions,
respectively, PBPSW%E’EIE%[Oéeppg]ﬁ’SB%ﬂt@&éfdﬁ"g@i E‘éﬁe’ih@ams%oﬂﬁ.t%ﬁ in
Figure 19. Bofphoéﬁﬂd?yi?iéﬁsn@%én bERREEFINEY BY IdHCad-FrotdisNufliding t hi s

peptide a mass of 2,413, and the 20 neutral |oss observed during both

mass anal ysi s resigur dackbene ragmepiahendeccayae arHiabirgs [ryep RALEUSYal

compari son of : W ; ted by both
naogg anal ysi s rgﬁ@ﬁ%gfs@emwﬂﬁ@%h ra -rﬁgggrs[ﬁél\/g?él\%hg%gct ra show
t he peptidés cehydioalamire, ghdahespbothiranine pesquedeydroamingblivice
VS/ M5 product _i spectra were analyzed with Sequest in an attenpt
to assign a p horylation site and parent protein to each peptide,
but this did not result in unanbi guous assignnents. During M5/ M
nearly all phd<pW&einalysis underwent neutral loss to a very high
degree with very little residual fragnentation along the

epti de
backbone, 30 whi chSomenpkorphopepiitesindeis seae wess idengfied by Crvigh,
enough for V\Dﬂ%;?{/ 1{9,0198 %%uﬁgl{:)g§?o%{33\3é%%ubjected to an additional level of MS to

15 give sufficient backbone fragmentation for Identification. This process is

simpler to implement on ion trap mass spectrometers than on other types
of mass spectrometers. As peptides elute from the LC system, a survey
MS scan is performed, and MS/MS spectra are collected for the three
most abundant ions, if they are above a pre-set intensity threshold and if
L 20  they have not been recently analyzed by MS/MS already. However, if
neuiral loss of 49, 32.7, or 24.5 is detected during MS/MS, then before
collecting another MS/MS spectrum or ancther survey MS scan, the
instrument first isolates the neutral loss ion, fragments it, and measures
the product ion masses. If the neutral-loss ion no longer contains
25  phosphate, it is more likely to fragment fike a non-phosphorylated peptide
and give a useful product ion spectrum. With certain modifications to the
instrument control software, MS® spectra can be collected in the same
data-dependent manner as MS/MS spectra, and the MS? spectra can be
analyzed further with Sequest. See Tomaino and Rush et al,, supra.



- 86 unanbi guous assignnments. In general backbone fragnmentati on was at
the sanme |evel as chem cal noise, obscuring the features needed to
identify tioaspepss des. As noted above, this is a comobn RPiTAUSI2A 466
encountered during MS/ M5 anal ysis of peptides containing
phosphoserine and 5 phosphot hreoni ne. Sé&é “e.g., DeGhore eta(., supra.
Even when phosphopepti des | ose phosphate by neutral |oss, the
position of the phosphorylation site can be determ ned as |ong as
there is sufficient residual backbone fragnentation, because neutral
| oss | eaves an unusual residue at the phosphoryla%ion site:

phosphoser i ne becorRaia-pgpaassiilsaMmmas PAIMSIRPRETRMEBIACHET Bécones
Chi s sampl o e SerGmen b 8 Y Rlads GRS 22 eShoRRRs ARG Speott
i ons wer e subj (gt eghets) s tad A speatra l(dyte pavieldyBort threslphagiphepeptides

sufficient backbone fra nt.ation for Jidentifd Lon,. Thi  QCess i s
simpl er to i nphehiRe lgﬁ%ig%q t?yr“h&'bsrﬁﬁ ds%@ﬁ% P%%?%ethgﬁciwg%%her

types of %ﬁs%réﬁ&%rféhﬂ?bﬂé%}md&tR@Qéhd@l@n@éﬂb@kﬂﬁmgIﬁmntfﬁe%eﬁﬁn a
survey Ms scan is perforned, and M5/ NS spectra, ar oLl ected for the

three nost aboR&ass BYoda7. sansisien Wiindogh 87 ena PReeRetR PRt 8nsi ty
th hol d d i ; i MS
o ot g s s

al ready. Howe , neutral Toss of . I s detected
during MBS/ VB, spestrubedreras leasiP0doldilags wirnsedhanvtievssldessianolhe

anot her survey, o ' [l ks ' 154
| 6ss ion, f radﬂgﬁ\dg ﬁﬁgf‘;{réﬁgl[eﬁc&%@@wﬂ?hﬁg‘spéO%JE%?'O?@?%%@EQ? gI ff%}t he
neutral -1 ogs | similaotol the §4%/MD apetirsscalibctsdodyyingt [G-M3MS angyeis) i kel y
to fragnment |ike a, non- phosphayyaate ' '
product ion Spfl@‘t‘PFfBﬁg 39\5‘(?1 %@*ﬁ‘éﬁ%ﬁtt%ﬂ‘a‘?’ﬁ%i';rgﬁ?ﬁgr&gg%Oﬁﬁ“&?mgwm nt
control sof t wadmet®3 pepiedd eomtainingepeebhessrird omphidsphstmeonine.
dat a- dependent_manner as NS/ M5 gct ra antd ':{Sle. I\Sﬁsé\?gc ra can be
anal yzed f urt hBecaKsemnessglioss of WeshieiRGtedirRg a® M&¥ora. WO
03/000931 PCT/ {30868 %utomatically subjected the neutral-loss ion to MS® to
15 produce the spectra shown in the right panels. These show several

product ions of varying intensities distributed throughout the spectra, and

as expected they resemble MS/MS spectra of hon-phosphorylated

peptides.

Using Sequest a phosphorylation site and parent protein can be
20  assigned to each of the three MS® spectra shown in Figure 22. As noted in

t .
R

Figure 21, all three of these assigned phosphopeptides correspond to
candidate phosphopeptides identified during MALDI-TOF mass
spectrometry. Panel 1 corresponds to PTNE_HUMAN, residues 576-595,
with phosphorylation at Ser-585 or Ser-588. Although Sequest

25 unambiguously identified the peptide, in this example, it could not
distinguish the two possible phosphorylation sites. However, the sites can
be distinguished based on the known specificity of the phospho-(Ser)
PKC substrate antibody: the sequence context of Ser-588 (KGS'LK) fits
the antibody’s specificity but the sequence context of Ser-585 does not




- 87 Dat a- dependent LC-MS3 was perforned on the renainder of the
eluted fraction, an 0.8 pl aliquot. Figure 22 conpares the M5/ M5
spectra (Wwefw/op@ael s) and the MS3 spectra (right panel s)PEDUS@RHP430
phosphopeptides that were identified by this method. Each Ms/ M5
spectrum contains 5 predom nantly one ﬁr%uct ion, an intense peak
differing fromthe parent ion mass by 32.7, consistent with | oss of
one phosphate froma phosphopeptide ion with a charge of +3. Nearly
all other peaks in the spectrumare at |east 20-fold | ess intense

than the neutral - ion. Th / M5 s tra collect during LC- MS3
anal ysi s of th@&cﬁ%ﬂ@”%r@%ﬁ?ﬁﬁsﬁ#ﬁﬁe PP WétyIVE‘?e’[%B spectra

col | ect ed duri(rpg;(};(‘sw al ysis, described above, and illustrate
how neutral |oss can dom nate M5/ M5 spectra of peptides containing

phosphoserine or phosby potdkfiSsine PRoaMsRade s, Ado keswn @k 32. 7 was
detected during M5/ M5, the mass spectroneter automatically subjected

t he neutr al - | dinalepoiedc el praieingyipsbguriosphataspaelavant hesdisedhe he
oht ls. . N . . iy

G tributed i HASERoRFPEIH 818 bxodtifetiShelodliingd Mol ¥ pitharbeilpls, ' o

M5/ M5 spect r a ddrivedrfrgphassiootey T aelbbukpmia (Jekat celis)h Preaglied al. 4

o the 1 hr ee. NEe" Gl A ARG e By ) Pate Buckketert MeR iy B . °21
all three of tiyesiaplsogphathsptiotisieely PKS-medinksmertet 0 candi date
e e MO e Y TN

eorr esponds e , 2 : ation
at Ser-585(0r Sehtiff?B- PrAbERIBY e PRINREHT (RS iveatdh Bae uRntfidd eeisbaed
the peptide, in this exar%qef, it could not djstinguish the two

possi bl e phos pfoR PPEEIPIES $Crppriinted sefing PEPSRIOTHARON be
di sti ngui shed based on the known specificity of the phaosphao-(Ser)
PKC substrate anti Bo#iels Zr?@ds?e%ﬂrwen@&hmpwﬂa@m%wd%ﬁmm fits

1S RIS AN gl o it b o s
assigned residues 322-343 with phosphorylation at Ser-335 {o the
15  spectrum in pans] 2 and residues 333-343 with phosphorylation at Ser-

335 to the spectrum in panel 3. The longer peptide is related to the
shorter peptide by incomplete proteolytic cleavage: Glu-C did not cleave
at Glu-332 completely. In both cases the quality of the Sequest
assignments is good, and the position of the phosphorylated residue is

{ ) 20 unambiguous. The sequence context of Ser-335 (GQS*LR) partially fits
the antibody’s specificity. UFD1 is ubiquitin fusion degradation protein 1.
This protein has not been previously shown to be phosphorylated.
Presently, the method of the invention has identified Ser-335 as a novel

phosphorylation site.

25 Confirmation of Sequence

For demonsirative purposes, one of the novel phosphorylation sites
was confirmed by showing a synthetic peptide with the assigned
sequence and phosphorylation site gives MS/MS and MS® spectra that
are identical to the MS/MS and MS® specira of the biological peptide, i.e.,



-88 (EKS*KG [underlined residues match the specificity notif
(FRFK)XS*(hyb) (RFK)]. PTN6 is protein-tyrosine phosphatase 1 c, also
known as wemsbaesl etic cell protein-tyrosi ne phosphat asegcHedogvass
because the 5 phosphopeptides in this experinment were purified froma
human cell line derived froman acute-89ell |eukenia (Jurkat

cells). Brunell et aL (J. BioL Chem 272: 875-882 (1997)) have
suggested that this specific tyrosine phosphatase is inhibited by
PKC- nedi at ed serine 9 phosphoryl ation, but the specific

phosphoryl ati on site has not been 10 i dentified. Presentl , the

met hod of t he thapeptideopuriiiesd bhydetmethed obéie lBB%ntl%fT@n@gsa’[‘ﬁlg@Sﬁdt e of
PKC- nedi at ed o two
over | appi ng peﬁ“% fP%]rom %?Hﬁ%mﬁgﬁﬁg&é”gﬁ%n@ ?ﬁéﬁpﬁ%l
phosphor yl at i @igealing. Tesdagulegy usa@ﬁrgnedhemst@uﬁbe &ﬂmeﬁgﬂh ;amptxlde was

phosphoryl ati on r ct.ru 3 si dues
333-343 with M‘gﬁﬁ%g ﬁét%@ﬂgg?e@'?a siigd ﬁ?e %’ﬁ%gﬁ%‘% qB% 3,
The | onger spepdsdgbdcFa®lcated to the shorter peptide by i nconpl et e
proteolytic cleavage: Gu-C did not cleave at G u-332 conpletely. In

both cases the quamhbmnsfrw$%ﬁdmwotraa‘emhgmmag@al Sergidledtopasheld)e

position of the phosp horélated residue is_ 20 unanbi guous. The

sequence conte’ﬂdtbﬁ syathetis BepitesthorPHBRSI%I 31§ GPP’(P@EQ W igHiS Thdy s
specificity. L#-Fd?goﬁssoﬂﬁé%m sﬁaﬁwﬁa@wéﬂ%p%ﬁ%%&eﬁef1oTt6l S

pr;otei n has not Dbeen previous own to be phosphoryl at ed

Pre ently th@mnnwoﬂwrﬁmmﬁmrﬁbmﬁa@ reEaclepredl ®er - 335 as a
novel ha et

dermnstrat ve %%rgéb@&rﬁgne o%én &E]&Aolssgﬁé étﬂ&g%&ﬁory a??gﬁatlsﬁ?% 3%8Egned

confirmed by siepiidegequayost dret ploogpbptytationsitearetrernest ikyeadhougivilence
and phosphoryl at C

i dentical to tH¥ &é?fﬁfée %@%’%ﬁé%{gﬁﬁga%%%égpﬁ%ﬁ Belgt@(ioss

i . e., VO 03/ 0009 3hkeiaGd /gdba2dir84Béhdence between the minor peaks of the two

spectra.

15 in this example, Sequest assigned a peptide sequence and
phosphorylation site to a spectrum, and the assignment was confirmed by
showing a synthetic peptide with that sequence and phosphorylation site
gives the same specirum. This establishes a formal link between a
specific phosphopeptide and its spectrum. This is a simple and convincing

n”

20  way io further evaluate marginal Sequest assignments or to confirm
assignments that are considered especially important.

Marginal Assignmenfs

As discussed above, neutral loss of phosphate from phosphoserine
or phosphothreonine can make it difficult fo assign a peptide sequence to
25 an MS/MS spectrum and occasionally assighments will be ambiguous. In
a global proteomic method, where phosphopeptides are isolated and
analyzed separately from non-phosphorylated peptides, often the only
peptide from a particular protein will be the purified phosphopeptide, and
unambiguous assignments are likely to be more difficult o achieve.



-89 the peptide purified by the nethod of the invention from

G u-C-digested Jurkat cells. UFDL 333-343 phospho- Ser-335 was

synt hesi ze®0aB/0@881  Si gnal i ng Technol ogy using Fnboc chertG¥sp2/1%8e
full-length peptide was™ purified by HPLC and then anal yzed using the
same LC-MS3 net hod 5 descri bed above. The M5/ M5 and MS3 spectra for

t he bi ol ogi cal peptide (top panels) and the synthetic peptide
(bottom panels) are conpared in Figure 23. Portions of the M M
spectra have been anplified by a fact or of 10 to show ions other

than the neutral -1 q@ss,ion nor ear | 10, .co res nde cebtween
he WS3 spect rACSREBRY, PiraBe sioniRsta kgt g JEAEe ang
phosphoryl at i agosh hereirgy ﬁﬂhéﬁ%argﬁ\aeasé@m@mstth@t ar@lwdrtﬁ fr@kr t he

MBI M5 spectra is conmprom sed by dom nant neutral-loss ion, there

's good cor r cSPETRIEAEEN 5D AEIAETIHET BV HSINGEEIES GAMPHET PIRIAESER T 1 a.
15 In this examplé, th%%ﬂﬁ?ésﬁé%%é%?brﬁné?ﬁﬁ%ﬁa%t Ws@éb@hcztx of the

phosphorylation site to a spectrum Tand the assignnment was cohfirmnmed
by showi ng a m}ibﬁﬂgﬂﬁedm@miﬁ@thﬂ phosphapeptsipsence and

phosphoryl ation site gives the sane spectrum This establishes a
formal |ink betweerAsaan epenpld of thisodpHdBAHS ispecisam df ihessagprle deasibethi s

Sequest nssi grifERREGHE sERp IS o D bbb S ARt GrlE eBlefe e
especi al | y i nppecifietty alvé rogiv h@heﬂsemmem%ﬂsdlwswgaﬁésah@mescnbed
Tekd Tt o rri e BRE ReRye R RSk Lhashne P Pebes el °2"
spectrum afyd Qﬁﬁ@%h@ﬁé#ﬁ%@@ﬁé%ﬁp@ﬁ&owwélﬂiﬁﬂhé&h@% o@pﬁo%@ﬁ}a'

prot eom ¢ net hod, where pho};tphopept i des_are isol ated
)

separatel y frdrfaeubptiaiegnsiify pad e piapt wreaapped & Uk %ﬂfﬂ&th%@iﬁtﬁfde
froma parti Cgi&f;a;%%@drﬁpanéoh d2end p@ptgwéé‘qr B cPDORRDEPE RiHEfon 8Nd

unanbi guous assi gnrents are Ilkel e difficult to achieve.
WO 03/ 000931 HogMmsdrigbligesufficien for aniibody recognition: the PTNG site

contained the sequence S*LKRK, and the UFD1 site contained the

15 segquence S*LRKK. Based on this, all the Sequest output files were
searched, which listed the top 20 candidate peptide sequences for each
spectrum, for marginal results that fit the consensus sequence
S*LRIK)X(R/K) (SEQ ID NO: 40).

This search found a fourth candidate phosphopeptide in an MS/MS
D 20 spectrum: BRB1_HUMAN, residues 206-233 with phosphorylation at Ser-
228. The sequence contains S*LRTR. This peptide has a mass of 3,297
and corresponds fo a peak observed during MALDI-TOF mass
spectrometry (assigned mass 3,284 in Figure 21). It is a good example of
a marginal phosphopeptide assignment: it s the fourtsenth-ranked
25 peptide after the initial round of Sequest scoring, and the eighth-ranked
peptide after the final scoring round. Although there are higher-ranked
peptides after the final round, they all received very poor scores in the
initial round, where they were ranked ninety-fourth or worse.
Nevertheless, this result is worth pursuing because the assigned peptide



-90 Accordingly, marginal assignnents may be of higher value, and may
be worth pursuing further. Marginal assignnments that are worth
further | muestlogaii on can be identified by using sinple eowpsizap4se
prograns to screen the bulk results for assignnents that fit the
known specificity of the 5 antibody use®®to isolate the
phosphopepti des. As an exanple of this, the M5/ MS spectra of the
sanpl e descri bed here was further screened for margi nal assignnents,
usi ng anti body specificity and our higher-confidence M3 results as
gui des. As described S above, -M53 analysis identified two novel
phosphor yl at i ofitsdhe estibedy'skrevn spenificitycadtt fiepalldbs hidhes caaigrneet o

PTN6 dfit t . . if, dth
ot her a'?Wo Imappgg |%H%%§%%’Bﬁ}l§§§%%s H@tﬁ?’:%gg‘? '?;?I ;/mt:A coﬁgar ;[ sgn

f th tid ci At . i Loght b
St 11ci o for i gy s BROBF Bratykf flobfedfis kbl B | 2
Based o LhL o e e e oaat Ahotl i ch
Pretod the & optBberipnns otk A0y, ThER AR kS hEHmaah ¢ o

mar gi nal resul giged iRahe Bt brbBGSIANSEIRMS haEHEEE BradPkiniTdeppoRisd) ( SEQ
I D NO 40). This search found a fourth candi dateca{)os%g%odggtlde in an

MS/ VB 20 specPhesahoprgiediabvien resigigsindespuise1s fClyate 1281 Kinass on
at Ser- 228. T t;ag x . AR %1 ; h of
pg(gggn AN <£ANYABRR PR T26: 10451 9?,&%%?9% NeGrtRore,

3,297 and cor to a peak observed duri ng mass
: ha

spec’t rometry (pedeighinksess shespisaylpiiorrpiyeceptery has beer pastyleter 8xanpl e
of a margipal il i ndid oS b = ed
25 popt | dot0i t P RLRREEALAToARREART Bk endilzdin AT HRRILAARRIoAAN

ei ght h-ranked tpeesude thit protaihkinbse &l cadd phogphoovlate BAredepiayh asher e

are hi gher-ranke ept..des, af t I r I i.ved

very poor scor 3’?91 H'P ?ﬁé&m?'ﬂ? Fl@ﬁhpgﬂ%(}% %%éx;eggtéﬁggj t@%ﬁﬁ@a@ég&?ﬁs

ni nety-fourth apragulated ohlvesikhuerioss frotperiphesalltoadsofatiehtspwitisui ng

because the assi n?d 8ePt i, de WO %/ OOOQStJh‘ PCﬂ'/ U%OZ/ 1t9480 .

muftiple scletosis, relevant because this phosphopepfide was purified

15 from a human cel! line derived from an acute T cell leukemia (see e.g.,
Prat et al. Neurcology 53:2087-2092 (1999)). The site of phosphorylation
tentatively assigned here is in a domain of the protein that is predicted fo
be cytoplasmic. This tentative assignment may be further explored by
analyzing a synthetic peptide with the assigned sequence and

20 phosphorylation site as described above.

S

The ability to filter assignments and extract marginal assignments
that are worth investigating further is a unique advantage of antibody-
based purification methods. Without use of an antibody and knowledge of
the antibody's specificity, these marginal assignments would be

25  overlooked.



-91 fits the antibody's known specificity and it fits well the

hi gher-confi dence assignnments nade on the basis of MS3 spectra. BRBL
is the Bl imoaddkiosi n receptor. It is known that the Bl bramysoznoaso
receptor activates protein kinase C (see Christopher et al. 5

Hypert ensi on 38:602-605 (2001)). There “#% no known phosphoryl ation
sites in the Bl bradykinin receptor, but the B2 bradykinin receptor
I's phosphorylated at Ser residues in response to activation of
protein kinase C (see Blaukat et al. J. Biol. Chem 276: 40431-40
(2001)). Furthernore, protein kinase C phosphoryl ation of receptors
has been postulated as a 10 general XM H¥¥ﬁ1for r ecept or
desensitization. It is therefore reasonable to presune that protein
ki nase C coul d paolasissr 9f Beptigss E@a@ﬂmtwkmbstrm Metf freghani ¢
i s known that the defrastsifdellsi ExpresaiRriActivateddAkl Rroteipritigasat ed on
T cells derived from peripheral blood of patients with multiple

sclerosis, rel evantPedidgasentdiiiag froodipepetedaolid&XRA TR 15 from

h ld 1 lpukem :
2, uran ce1d | SR LSS0 AGH B can AT Bk 96aat
phosphoryl at i cn’mmtaea:nrap!exehlytuas of mmm{elaesla:hl as & digesticiasliiysshe. e
rotein that i L edto | a Thi
gssi ghment mﬁlggorp%? E?s%ke‘pel’rb @?reagz"i%tyrz?f i S@ﬁ% ﬁaé\d 'ﬁSLB'gpt i de
vvnbt% t h$haSSIb gftgfblﬁr?qufmyl s feud o2 fs Wﬂ&?@gﬁbaiav?rbes{af&;ﬁﬁedﬂﬁmwdsed
ahbove. e abil| ilter, assi npren extra
assi’gnments  tWap gwtge%la%m'q ﬁtﬁf’%??ﬁéﬁt af F gﬁgﬁr@r&]‘a 599
advant age gf a@%@@@m ﬁ@@wau@éfth@ahayﬁs@kh@dﬁAk%hdsewom@mrpf an
anti body and knowle 0 the antjbody's s C|f|C|t$/ t hese rrargl nal

assi gnrrents woifes ae §5‘%@ﬁﬂl§%?éﬁ’ Opih 883480698 {19880} BasoiPepa @l - 92

EXAMPLE VI t NasSUPEIdrad f

froman Ext ra"éfélgﬁ‘)@ggh 8 l1re55| ng ?{g{@lgggtatr@% Sfgot@l rﬁ K‘lﬁ:-\an%1/&‘;5)%]I
Science 282: 1318-1321 (1998)) indicate that Akt phosphorylates its
substrates only at a serine or threonine in a conserved motif characterized

15 by arginine at positions -5 and 3.

Phospho-(Ser/Thr) Akt substrate polyclonal antibody (Cell
Signaling Technology, Inc., product number 9611) is a motif-specific,
contexi-independent antibody that recognizes phosphopeptides with the
consensus substrate motif RXRXX(T*/S*), where R is arginine, X is any
) 20  amino acid, and T*/S* indicates phosphothreonine or phosphoserine. The
specificity of the phospho-(Ser/Thr) Akt substrate antibcdy is that it binds
preferentially to proteins and peptides that contain phosphothreonine or
phosphoserine preceded by lysine or arginine at positions -5 and -3, i.e.,
(KIR)X(K/R)XX(T*/S*) (SEQ ID NO: 15), in @ manner substantially
25  independent of the surrounding amino acid sequence. To identify potential
substrates on a genome-wide (cell-wide) basis, immobilized phospho-Akt
substrate antibody was used to immunoaffinity purify phosphopeptides
from a proteinaceous preparation in accordance with the method of the

invention, as described below.



Pepti des containing the Akt substrate nmotif (RXRXXT*/S*, 5
T*=phosphot hr eoni ne, S*=phosphoserine) can be selectively isolated
from a comploens/onooxt ure of peptides, such as a digested cerdT/UymAdBO
The Akt protein kinase'is an inportant regulator of cell survival
and insulin signaling, but very few of%%s in vivo targets have been
identified. Studies wth synthetic peptide substrates of Akt (Al essi
at at, FEBS Lett. 399: 10 333-338 (1996)) as well as the analysis of
known Akt phosphorylation sites on GSK—S (Franke at at Cell
88:435-437 (1997)), Bad (Pap et at, . Biol. Chem 273: 19929- 19932
(1998), and Caspasd=® mumm he atode! syséeraveas 3> moyse gbiaijast cells
(1998)) indic ShRSAE t a
serine or thrg%ﬁtl iﬁl%ﬁ’%é%ta%&grve éﬁ%‘%cf?xﬂrﬁisf gcteréztgﬁg%gp@hésea i ni ne
at positions -dnstitlitively atitbiyahbad Been TeajedAkith §membalet8iﬁi+cgﬁweﬁal

ot £ speci 1 SOV PPRIS e inutkE s P BUE GRS pddoond. © @
her e R | o g B e, 1 anc T+/ & 1 ndl cat o
phosphot hr eoni H@tﬁwﬁﬁﬂ%ﬁa&rqwgﬁuwg’n specificity of the

B?gfs E?gng .Sai”;h[é Q—E&)‘P@Jﬁﬁa&%g‘b%%é If\tégg ﬁ;’iatkgqr%gﬁt%drpq‘tﬂwgﬁﬁ’@tﬁ? eoni ne
o phosphoser@ﬁ( %rﬁé@%%z%}ﬁé’éélﬂ@)d%ct@J&'éﬁdﬂ&eﬂ%yﬁ@@é%ﬁ;ﬂ?&an5.l and
su"b?t anti al | stmﬂ@tséh@%ﬁrgwe %ﬁe‘\@lyﬁfl@ih aEAREprataim Bingee dasshouice.

To identif %&Egl}ébﬂl&ﬁ EH’?% = S trQé'teﬁl g&‘y@&eﬂ"c@ﬁ eéif‘rﬁlztJ (taMedB)ark@si s,

i rmobilize ant was use

i mrunoaf fi ni tyurnwaté@l meaﬂpfmlmimallcﬂa@ract ﬁ@mﬁ ) witl Pkt anlisiy{Cell
preparation |nacc rd X
descri bed bel o g?WH@%@@@&%@E@% tdégg ,ﬁ:@rﬁﬁp{]‘é %&te&ﬂﬁ%?%)
t he nodel syst@mm@y (353ag:rmagfﬁebhmubgﬁtlnc.eprcsiuct hanbep@2Tweandt abl y
transfected to expr ti Ak of-el as Lty ti and
that had been W@h d’%mﬁéﬁr“%@) ﬁ@&@ﬂ%&#&h%lg{ga @geqe{;;guﬁor%tgy, o, p¥Sduet

15  number 9271). This showed that PDGF treatment altered the

phosphorylation state of Akt protein kinase (panels 2 and 3) but not ifs

overall cellular expression level {(panel 1). PGDF treatment also altered

the phosphorylation state of a large number of different proteins that

contain the phospha-Akt substrate motif, shown by probing the biot with
b 20  phospho-Akt substrate antibody (panel 4). In a separate experiment, it

was shown that the major protein recognized by phospho-Akt substrate

antibody after PDGF treatment (the dark band near the bottom of panel 4,

lane 2) is the ribosomal protein $6, which is known to be phosphoryiated

in response fo growth factor treatment (Ferrari and Thomas, Crit. Rev.

25 Biochem. Mol. Biol. 29: 385-413 (1994))}.

Proteins in the extract were digested o peptides with
endoproteinase Glu-C immobilized to F7m, a polyvinyl matrix bead
(MoBiTeg, part number P5101), and the immabilized Glu-C was removed
by centrifugation. Phosphopeptides containing the phospho-Akt substrate

30  motif were purified from the digest with phospho-Akt substrate antibody



grow h factor (PDGF) for 15 mnutes. The cells were washed,
harvested, 5 and |ysed by sonication, proteins in the |ysate were

denat ured, waywdbdder | ysate was cl eared by centrifugati on. pdoushawso
that activated Akt protein kinase had phosphorylated nany target
proteins, the cell extract was anal yzed ¥y SDS- PAGE and Western
blotting (Figure 24). Activation of Akt protein kinase was shown 10
by probing a blot of PDG~treated, transfected cell extract (lane 2)
and untreated, untransfected cell extract (lane 1) with Akt anti body
(Cell Signaling Technol ogy, Inc roduct nunber 9272) hospho- Akt
(Thr308) ant iitnenpilized tp agiagwrg bshlgyc# adidachegisiry As deswlzﬁsﬁ@bwﬁdﬁber

PRI Ly i ol @%é‘%ﬁiﬂ“ RibbRphadRinliedicBalih Bebshesbag! 0o

altered the p/althszmmgrans oﬁalsttbmg tifie M~c:|sd[gested ckiidensall €xivacd (abomit
and 3) but not

treatnent al so élnﬂ% n‘{q{@E BW(S%'BL@%‘?/(IE)Q([ SW' fﬁés Elgé‘%gfggésnﬁ?ﬁ%l:@l:

of different %&%ﬁé%ﬁt%ﬂy—r@ﬁﬁg@mﬂ tzhfg{p @si@ét@hféﬁnatdw%ewotlf
shown by probing the blot wt 0- Akt substrate antibody

(panel 4). In rmmsmdawrdac@mgmpﬁﬁm werg rem@\@ds%wtﬂmﬁﬁ%eﬁeaj or
Coi
treat ment e??ﬁ%ﬂﬁ?ﬁﬁ%%ﬁﬂ%&?ﬁ%’fd %**%’*?5““ o%féfwg%ﬁ%;fgg%f ' the
ri bosomal protRBS a8 thide trhes witk fcwm! foe- Pl i faep fvere
S| t w h fact E
B ochem Nl - BpaeluS bgBGE T Hahsie, & o St PRy Ml er o

di gested t e trofRAYRICIRICABSE abbit, @ 9 tibh&f¢thd glufedm a
pol yvi nyl l(rzr)atrellqg g‘%ds I:Iﬁl&gl\/brgl TeC, partC nurrta)er P5101), and the

i mobi | i zed G fiscionaras d angycopeantrated yith areversrsspiasedPT es
cont ai ni ng th ‘ﬁ&ﬂ%ﬁ Akt substrate 30 notif were purified fromthe
digest with phosp o RKY" substrate anti body WO 03/000931

PCT/ US02/ 19480 -94 imuobilized to agarose by hydrazi de chem stry, as
descri bed aboVALSI-TAQHARIYEIe- 100 nonocl onal anti body; each

mlliliter of resin was reacted
The masses of the peptides that bound fo and eluted from the

15  phospho-Akt substrate antibody were measured by MALDI-TOF mass
spectrometry hefore (Figure 25, top panel) and after (bottom panel)
treating the peptide fraction with calf intestinal phosphatase, which can
remove phosphate groups from phosphopeptides and produce fons with
masses 80 lower than phosphopeptides for each phosphate group in the

20  peptide, to confirm the eluted peptides are phosphorylated. in Figure 25,
peaks labeled with a star correspond to phosphopeptides, peaks labeled
with an open circle correspond fo nonphosphorylated peptides, and peaks
labeled with a square are phosphopeptides that have undergone
metastable decomposition and neutral-loss of phosphate.

25 Four candidate phosphopeptide peaks (Figure 25, top panel) are
each accompanied by companion peaks that are broader and apparently
84 lower in mass, e.9., the peak with a mass of 2,404 has a partner peak
at 2,320, and likewise 2,334, 2,324, and 2,254 have pariner peaks at
2,250, 2,241, and 2,171, respectively. These companion peaks



with 2 mlligrans of antibody. The d u-C-digested crude cell extract
(about 3.5 ng, 0.25 ng/mM protein) was contacted wth i mmobilized
phospho- AktvoBssmbst rat e anti body-resin (40 pd, 2 g/l) in fayesizdasoat
at 4 Cfor 16 hours, and unbound peptides were renoved by
centrifugation. The antibody-resin was Seshed extensively (four
times with 0.5 m ice-cold PBS and three tinmes with 0.5 m ice-cold
wat er). Bound peptides were then eluted with 1201 0.1 Mglycine, pH
2.3. Before analysis by MALDI 10 TOF nmass spectronetry as descri bed
above, a 9 pi portion of the eluted fraction was desalted and

concent r at ed GoriespOR@iemetasizina secompasigon predusisorinfipspippantideer

Anal Th th
15 phospho- Akt CLIEL Py nebHEHBEE bt Otkeha wie i SifoPRpdidedne o 1 e
spectronetry tieef\@tmg (d-ihgudede@br ot tthp rxmseegecanmmén MetaSjabIeom panel )

t ti th de f t.l ' hat h
can 1 omove. proSpRRs Rt sRoR e Res bR EE BB RISRRERE Y ©
Wi t[lh nggseﬁ ?Séc?ﬁqw?écddmf @rﬁ@taﬁéi@@ n%eo;ﬂmebmem@mmmm; ma@fso?pd
In e epti ae OCOI’III‘m e eptil ae Spnor atl ed.
In Figure 25p SPeEHKE (ARBEn&mo\ et &%’tégﬁgo&e‘gﬂ%’nﬁ{ ﬁ?%%% Rs™HY
phosphopept i d%sgﬁﬁé&ﬁw éh@&%ﬂeus Ekérhp%nlt%@'be@hrdﬂsérsﬂé@rthm to

nonphosphoryl at peptid nd pea | abel ed with a square are

phosphopept i desynthedic nﬁmde@ ﬁ@@ta@mgeplmpagﬁameeowwpbeﬁv@%ﬂe BHignot
”eugfa'-'oss géhogg ﬁ?@sﬁr‘?ere?s% %and%g%m%fé @%eaﬁgsahbﬁen@eaks

(Fi-gure 25 are eac acc ani e y conpani on peaks that
are broadero arMAthé’%lﬂays spdctiusner Fignran88 éndieates tha‘sa@apé@iﬁ’fa/\n th a

324, and 2, A PeRAOBS RS ety el o RynABe I g ARnGuTE e,
respectivel y. mkeserdagopaiihdhe patibed WACkB08PESicyCTI US02/ 19480 - 95
correspond to netastabl e deconposition products of phosphopepti des,

formed by neutral - IWhen ¢iie ptursppeitieievitadien s ipdaisp hiheplfiictestirais ar e

phosphatase, 3 of the 4 candidate phosphopeptides gave

15 dephosphorylated peptides that were 80 (for one phosphate group) or 160
{for two phosphate groups) lower in mass than the peptides before
treatment (Figure 25, bottom panel): 2,404 and 2,324 differ from 2,244 by
two or cne phosphate groups, respectively, and 2,334 differs from 2,254
by onie phosphate group. The presence of metastable dscomposition

) 20 peaks after phosphatase {reatment indicates these peplides are still
phosphorylated, i.e., the phosphopeptide with a mass of 2,404 probably

contains at least three phosphate groups, and the peptide with a mass of
2,334 probably contains at least two phosphate groups. This is supported
by the LC-MS/MS analysis described below, which defined the phosphate

25  content of these peptides more .precisely.

1 is believed that two of the four immunoaffinity-purified peptides
(Figure 25, top panel) correspond to a known phosphopeptide from the
ribosomal protein S6 (accession number P10660), which is the major
protein in the PDGF-treated cell extract recognized hy Western blotting
30  with phospho-Akt substrate antibody (Figure 24): the phosphopeptides



traveling to the detector of the mass spectroneter. Metastable
deconposi ti on of phosphopepti des has been noted by others and can be
5 used to wec@@osze and assi gn phosphopeptides i n a MALDI pdfEsonasiso
spectrum (Annan and Carr, Anal. Chem 68:. 3413-21 (1996)). As
described in the previous exanple, it h&8 -been observed that sone
synt hetic peptides contai ning phosphoserine or phosphot hreoni ne but
not phosphot yrosi ne resi dues undergo netastabl e deconposition. The
10 MALDI - TOF nass spectrumin Figure 25 indicates these candi date
phosphopepti des probably contain phosphoserine or phosphot hreoni ne,

i n accor dance with Bntohserad inrasyof ,%ﬂygﬁﬂﬁﬁ&?ﬂ‘?f 8t the expeeted nasH®ind

peptide fracti ] £ A ' of
the 4 candi dat@gpcﬁ@gfj'h%g@&pﬁelﬁ%@sé%g%légi 'g‘eﬁﬁgﬁgl‘ﬁg?ﬁ%%ﬁ%?
t hat vv)erle 80 (NOx 4¢)1witltnEmﬂ[iﬁpm@h?@gmups,?ﬁspecqﬁvel‘y ﬂcab:ufﬁheﬂ;( phat e -
roups ower in. _mass n. the pept.i # e t i gure :
got t gm panel ) :prf?%@%%ﬂ%&@?ﬁﬂ“&#ﬁﬁ%’%%ﬁé,%?sz %&/%ta%%g OBrtﬁ%ge
pﬂos pﬂat e o 0U&%a;}d;}@@ﬂﬁgﬁmﬁéa{mfeaﬂmttﬂist%f}egedh”feheaﬁd bb_bltin_i'%d%éorté)yi one
phosphat e group. e presence of, ast ab] e decopmpasi ti,on. eaks
after phosphat%‘?é“@@" tnh@ﬁphw@#leg‘f%%rr%@@ geél?%"&r sﬁg-ffo"g
phosphoryl at edgggm; it ié%e@fmﬁgpﬁﬁg@a%%tﬂhﬁpﬁ@?%ﬁgﬁ sfedPdhis
probably contains”at |east three phosphate groups, and the peptide
Wi th a Mmss. of pertideae phaseimryiatasBarzib and SEE36. HuGSTiRRS risbe
00ps. This i - ' ' bel ow,
ahch def f ned Dol Efice oyl Babic, KERIBARE i3 oliF 84S Mthe Del on

preci sel y.10 t peptielfit évekhavwraspeciieityfof thephaspho-Akt substrate antibody:

I mmunoaf finity; Lfi e |0 E p panel) correspond
to a known pho‘?gﬁggfﬁ R&‘Wﬁ%@%&ﬁéfxﬁdtei n S6 (accession
nunmber P10660), which is the major protein in the PDG--treated cell
extract recognLegdshys Wesilwsi® bl otting 30 with phospho- Akt substrate
anti body (Figure 24): the phosphopepti des WO 03/000931 PCT/ US02/ 19480

-96 with an observethapestided tRatAiving taadd 211884 frbnf the phtsphepddt ed
mass for substrate antibody were further analyzed by LC-MS/MS. A 25 ul portion of
15 the peptide fraction was desalted and concentrated with a reversed-phase
ZipTip microcolumn and eluted with 2 pl 0.1% triflucroacetic acld, 40%
acetonitrile. An 0.4 pl aliquot of the eluted fraction was mixed with an
ACHA matrix solution and analyzed by MALD!-TCF mass speciromeiry,
- ) and It gave a spectrum similar to the one shown in Figure 25. The
20 remainder of the eluted fraction was analyzed by LC-MS/MS.

LC-MS/MS analysis was performed as described above (Example

iV). The chromatogram obtained by analyzing this sample is shown in
Figure 26. The first panel of Figure 26 shows where survey MS scans
were coliected, and the second panel shows where MS/MS specira were

25 collected. The third, fourth, and fifth panels show where neutral loss of 49,
32.7, and 24.5, respectively, was detected, characteristic of ions with
charges of +2, +3, and +4 that have undergone neutral loss of phosphate.
The occurrence and intensities of neutral-loss ions are plotted in the third,
fourth, and fifth panels of Figure 26 to help locate candidate



the A u-C-peptide fromS6 protein QQ AKR RRLSS LRAST SKSE (SEQ I D NO
41) with 1 and 2 phosphate groups, respectively (cal cul ated

pr ot onat edwgeptb@el mnasses of 2,254.2 and 2, 334.2). Based pTr/tu$oe/1$430
duration of PDG- treatment in this experinent and published reports
on the order of phosphorylation (FerraPf-et aL J. Biol. Chem 266:
22770-5 (1991)), it is expected that only 2 of the 5 phosphoryl ation
sites in this peptide are phosphoryl ated, Ser235 and Ser 236,
underlined in the peptide sequence shown above. Furthernore these

two sites in the 10 peptide fit the known sgemflmty of the
phospho- Akt s #baspharepifies.Howneuttablossplais sgorckrsbedospharemide236 fits

RXRXXS*. LC g,tgp,ql ed from
t he phospho- XE% stﬁéﬁ ?%ﬁﬁ%ﬁylhﬁégh%tﬁ r a’na#)y)gfeégt%yf&

LC- M5/ MB. A 25hbs;pfmnapdzdes)tiue mnequ@;mimw off phosphaie gacupse satithat and
concentrated w.t reve t W th
21001 oo i fPUbPOREEl R G SBAR AT R BBt i o

of the el usedshpdd isdighipeniithebwith phosphopaptidesiat ri x sol ution and
anal yzed by MALDI - TOF nmass spectronetry, and it gave a spectrum

fsi mlar to the olneA%hMﬂ bavliEt, gleuallbss dheng MY/RISEs tde savk nrbeeﬁaﬁ ed
racti on was ana LC- Si S rred as
descri bed abo¥et %‘éﬁgﬁfﬁ)%comﬁ%s ‘W%‘”@H%‘Bﬁ&&?ﬁ%ﬁ ﬁ?%ﬁ@r@% | yzi ng

this sanple i gxpbeen l'nﬁny boF fHer &o%ﬁho?éﬂﬁidfe'srsﬁb uted] iddsaiirRgd&-
shows where survea/%b% scans were collected, and the second panel
8

shows where M hea2Guprasissi- %b@neébeéammm@SPhPPwﬁ%dP@ma%d
fifth | .
| pang Py, %ﬂﬁ%d&?&ﬁ&sﬂbn cRr?ﬁ Mals) T??‘ngss iffinetry (Figure

respective aracte istic of ions wt chdr ges of

+2, +3, and +425thmpmmlr)esaadf®ig©ﬁé Wost peptides showingonrig dass. duringe

opcurence A ARS8 iy FRE RS o AR drbcki
candi date WO @fE0QRR8h eV ikiSidaiaDdBhe nuibepiod shbspeie gdums prasent
neutral loss p}'ll %csh [%Qgt\f\cljet t%%t wﬁ{éﬁﬁ\m&gﬁ?b?dr%ass analysis did not provide

15 even after freating the peplides with phosphatase.

The phosphopeptide from the ribosomal protein S6 was observed
with one, iwo, and three phosphates, in good agreement with the MALDI-
TOF results described above. Figure 28 shows a portien of the MS/MS
_ spectra for the 86 phosphopeptide with 1 (panel 1), 2 (panel 2), or 3
| } 20  (panel 3) phosphates, the parent ions for all three spectra have a charge
of +3. Panel 1 shows the specirum of a parent ion with an m/z value of
752.51 undergoing neutral loss to give a product ion with an m/z value of
719.86, a difference of 32.65, close to the theoretical m/z difference of
32.66 for loss of 98 from an ion with & charge of +3. Only one loss of this
25 m/z value is detected, that is, a product ion corresponding to loss of two
phosphate groups (m/z of 687.20) is not detected. On this basis the mass
of the peptide is 2,254.5, and i contains 1 phosphate group. Similarly
panel 2 shows product ions that have lost this m/z value once and twice,
allowing assignment of two phosphate groups, and pane! 3 shows loss
30 one, two, and three times, corresponding fo 3 phosphate groups. In



candidates tend to elute early in the chromatogram as expected for
phosphopepti des due to the hydrophilicity of phosphate groups, and
that neutwalosloo®si is observed in nany of the MS/ M5 spectIG/uS02/19480
suggesting this 5 sanple is highly enriched with phosphopeptides. As
noted earlier, neutral |oss during M5/ M8rs the same process as

met ast abl e deconposition during MALDI - TOF nmass spectronetry. As
expected, many of the phosphopepti des showi ng neutral |oss during LC
M5/ M5 (Figure 26, panels 3-5) are the sane phosphopepti des that gave
10 netastabl e deconposition during MALDI - TOF, mass spectronetry

(Figure 25, @gpespaEwih f@@éhﬁlpﬁﬂ@@ oy Mageas *”ﬁéﬁﬂsﬁd?é’s G5 wRAG neut r al
| oss during W T VS/ V5
spectra often g%@é& gggfé éggﬁgaﬁ.'%%po t'he EH e??)p%?ﬂ&'%o e %%t
groups pr esentearlien dedoh rpepsédiphasmi PhRi astthisbbDephate qmawt ama&qwds
di d not provide eve fter tr i ng .t . i A tase
The phosphopeﬁf‘f’tihglgl5 ZI‘ Pﬁﬂﬂ%ﬁésp?tgﬁgﬁ ﬁsﬁéﬁ&?ﬁ%@?ﬁé&*&? 3@@9

one, two, andrpiifites redesditalyes, in good agreement with the I\/ALDI- TCF
results described above. Figure 28 shows a portion of the M5/ M

spectra for the S6|xaarlpeep b disostinidl ploteped® phddphapepiides2) , or 3

20 (panel 3). pho hates,. t rent ions for all three s ra have a
charge of +3M P“@Iy%‘ﬁéag“%aéh@'ﬁéﬁw ?rﬁcﬁecan%SF%mo r@%‘?‘%{th an nl z

val ue of 752 gf&sgb&ﬂ%}é@ﬂ@é@ gatsvétéa Fedptidess if P[gmra QTaTﬁé eHYGived Pihsebs h

an’ 'l z val ue fference of close to the

t hedretical mae aiﬁé@wm phcsphete QI’QHP$)()5§'§‘ %\409@ MABENER® i on with

a charge B +:Em %H ?’ d}ﬂss of this 25 mz value is detected, that
is, a pro uct cor Fesponding to loss of two phosphate groups (nlz

gf 222752021n|dsl ?Ogo%\ﬁal nw %& Egﬁghg %ﬁt{)é @%ré%ﬁélﬁé{f ng(r?'(aeag%tl ﬁgwlss
product ions teettenznido Iaesgrztatb&'enﬂ proteit gad oh@@mﬂazlom gite to eadhowi ng
sesTanent o gopfuE e ARl BRRIE aciphuss basaiiogs
03/ 000931 PCTHighDiavdlBf3@utrab®ss with very litlle residual fragmentation along the
15  peptide backbone. At present, this type of multiply-phosphorylated sample
cannot be analyzed effectively by LC-MS® using the currently available
versian of the software. The current data-dependent acquisition software
isolates and fragments the most abundant neutral-loss ion; for multiply
phosphorylated peptides this corresponds to the peplide with one
: 3 20 phosphate removed by neutral loss, leaving one or more phosphate
groups to undergo neutral loss during MS®. The acquisition software is
being revised (per personal communication) fo recognize multiples of
neutral loss and to isolate and fragment the ion with the highest level of
neutral loss, even if it is not the most intense product ion. For example for
25  the spectrum in panel 2 of Figure 28, the current software would select for
MS® analysis the ion with an m/z value of 746.33 because it is the most
intense neutral-loss ion; buf the revised software will select the ion with an
nyz value of 713.87 because it shows a higher level of neutral loss. It is
expected that further analysis of this sample with revised acquisition



agreenent with this the parent ion nmasses increase by 80 for each
addi ti onal phosphate group. As expected, the phosphopeptides el uted
earlier dumongs/aoesser sed- phase HPLC as t he phosphat e cont eRCT/GS02/19480
increased: with 3, 2, or | phosphate groups the peptide eluted at
7.3, 7.6, and 7.8 5 minutes respectively9®tike this group of

ri bosomal protein S6 phosphopeptides, LG MS/ M5 anal ysis showed there
may be a second group of related phosphopeptides, |abeled "peptide
A" in Figure 27. The observed nasses are 2,324.5 (wﬁth tmo phosphat e

groups) and 2,404.6 (wth three 10 phosp hate r oups) t he M5/ M5
product ion speefkwarewsh @Ilawah%@@n@wtqﬁelséaaé Osﬁhoql@’ﬂamséﬁ%ﬁf gQme
assign a paren to each peptide.
This did not réfsﬁFgé?bBt'%Lﬁ‘h guous a g?ﬁgél’l] as gﬁ%de'cause of the high

level of neutral %%Wtﬁ?ﬁ(ﬁfﬁénjlti@ﬁé@ é;’?tg’r@{sori EGSHIRN 1 {eRButRkong

the 15 peptide backBone resen
mul tiply- phosphmlgrhrata&kjofmmm ef thesmpeptldw tarm;biycmdjopep’fmlﬁtﬁ”mlﬂye by

LC- MS3 usin curr.ent ai | abl. S

current dat %sffﬁ'@ Pl %"ﬁhg i P?ﬂ‘?"cg%? t\f)e%tegrg biﬁ'ﬁﬁ%&f@‘r@@?@nts
t he nost abundgﬁg g€ 8briathd esforippospiaprotein détebied mhsisgspboiidt ed
peptides this corresponds to the tide with one 28 gor]_lo $ha e
Pemoved by neuﬁwaatrat%@gtibcp%@nﬁawgﬂ@seavewa@%%ae%n pEhels Gapenis,
under go neutrah #e@%&trﬁﬁﬁm&ae hohHAESh §ﬁhtstﬁrb%m gfterfoei ng
revivsed (per ersona conmuni catl on o] recognl ze mul tiples of

neutral |oss aﬁﬁamﬂf%ﬂ’mféwﬁhfﬂchfﬁgnent the ion with the highest

| evel of neutral loss, even if it is not the nost intense product
ion. For exanple for 25 the spectrumin panel 2 of Figure 28, the
current software would select for anal is the ion wwth an mz
val ue of 748.33 because it is the no ‘éﬁse neutral -1 oss ion; but

the revised soft wargotdtion aebe tidédﬂeoh@m'nmg theatd-3rd Bindihgdiotif 713. 87

because it shows fofi ahEktraer 6f Cefis Testitedwitipa<Tydlic AMP Anplegtad t hat
further analysis of this sanple with rpegusigd acqui sition WO 03/ 000931
PCT/ US02/ 19480 -99

The method of the invention was further employed to isolate
15 phosphopeptides containing a 14-3-3 binding motif from a complex
mixture of peptides existing in a digested cell lysate. The 14-3-3 proteins
regulate several biological processes through phosphorylation-dependent
protein-protein interactions. A phosphoserine-containing consensus
) sequence, motif #1, (RIK)SXS*XP, is present in some binding pariners of
T 20 14-3-3 proteins. Many protein kinases such as Akt and cAMP-dependent
protein kinase (PKA) can phosphorylate this motif fo initiate binding of
14-3-3 proteins.

Phospho-(Ser) 14-3-3 binding motif monoclonal antibody (4E2)
{Cell Signaling Technology, inc., product number 86086) is a motif-specific,
25  context-independent antibody that recegnizes phosphopepiides
containing consensus binding motif #1. This antibody is highly specific for
peptides and proteins that contain the consensus motif (R/IK)XXS"XP,
where R is arginine, P is proline, X is any amino acid, and S* indicates
phosphoserine. This antibody weakly cross-reacts with analogous



software will allow the parent proteins and phosphorylation sites of
sone of these peptides to be unambi guously assi gned. Even w t hout
unanbi guouwofesagmeent ati on spectra, the tentative assi gnnerwUSHE/1S00TE
of these peptides to a phosphopeptide fromthe 5 ribosomal protein S6
is consistent with Western blotting resli®@s, which suggest S6 is the
maj or phosphoprotein detected by phospho- Akt substrate antibody, and
t he observed masses and phosphate contents agree with published
reports on phosphorylation of this protein after treatnent with
grow h factors. 10 EXAMPLE VII 1sol ation _ of_ Peptides Contaipnin he
14- 3- 3 Bi ndi nFeRbENEes ¢QTiaNkg maspa@ﬂ?r%ﬁn“@lrﬁgeaﬁrt@‘ﬁ@apmﬁaﬁmai

AVP Anal og and,, ﬁfnm%@nﬁﬁ@gw%& ¥R 8 inhMGnodt Iggﬂg\@_ hitipeRfitios

enpl oyed to iso Pat & epti des cont al ) bi'ndi ng
motif from a dhafpdcerain mmotifme'rwm apyptalmsoea pefianatidm sa agitgédardily cel |

by ough phospiRPIE aH L peHIERE O EpR R N AT rRhe B 3288,

phosphoser isne-gwaRi®, ni ng consensus sequence, notif #1., (R K)SXS*XP,
is present in some binding partners of 20 14-3-3 protei ns Many

protein kinases sutyraisisakimdly] titvidddepatsianias (DOSt-Ebeleklarwﬁ(ﬁnéPKA)
can phosphoryl ate th| s notif to. i m“ﬁ"rﬁ)ﬁ%e bi ndj

Phospho- ( Ser) deflvgd ropp fransfgrmed mo @F‘Sﬁé?h%ﬁ'@ q@ﬁﬁeé)@lq
Si gnal i ng Tecgﬁéﬁﬂﬁ%d 804-chi Jm&g&hfa VEREIP @BREAMFS. RisOR iniusdemil i C,

25 sont ext -i ndependent anti bo recogni zes lghos phopept i des
contai ni ng cor@ém@i@l’biim%ﬁ%@nﬁﬂh? m%bramﬁwrraﬁ@b oﬁkﬁiﬁi@lfﬁ?'&ﬁtﬁble

speci fic fxg SARPHBRANGUAINSIPIA kidke CA Alodd'Rinaeapgipsus motif

( R/ K) XXS* I'S arglnlne I's proline, I's any am no acid,
and S* i ndi catrdmspbmyiajamm preteimyites, antliasang m@aﬁmarofr\wg@eﬁéa%@s

with anal 090”%&%8 %{igg AR, %Qﬁgé&%\ﬁﬁ)becc}rﬂg binding partners of 14-3-

3 proteins as a result of phosphorylation by the Akt, PKA, and other
induced protein kinases. A culture of COS-1 cells was treated with 1 pg/ml
15 insulin and 1 mM 8-(4-chlorophenylthio)-cAMP (cpt-cAMP) for 10 minutes.
The celis were washed, harvested, and lysed by sonication, proteins in
the lysate were denatured, and the lysate was cleared by centrifugation,

To show that treatment with insulin and the cyclic AMP analog had
caused an increased level of protein phosphorylation at potential 14-3-3
) 20  binding sites, the cell extract was analyzed by SDS-PAGE and Western
blotting (Figure 28). Probing the freated cell exiract (lane 2) and the
untreated cell extract (lane 1) with phospho-(Ser) 14-3-3 binding motif
antibody (Cell Signaling Technolegy, Inc., product number 2606) showed
that this treatment altered the phosphorylation state of a significant
25  number of different proteins that contain the 14-3-3 binding molif #1,

Proteins in the exiract were digested to peptides with
endoproteinase Glu-C immobilized to F7m, a polyvinyl matrix bead
(MoBiTec, part number P5101), and the immobilized Glu-C was removed
by centrifugation. Immobilized phospho-(Ser) 14-3-3 binding motif



sequences contai ni ng phosphot hreoni ne i nstead of phosphoserine in
this notif. This antibody was used to imunoaffinity purify
phosphopeptvibdesoosthat contain notif #1 from a protei hace@qI/usS02/19480
preparation, ;so as to identify proteins that may be previously

unr ecogni zed bi ndi ng partners of 14-3-810%-proteins. For this
exanpl e, the nodel systemwas COS-1 cells, a cell line derived from
transf ormed nonkey kidney cells, that had been treated with insulin
and 8- (4-chl orophenylthio)-cAMP (cpt-cAMP). Insulin induces the Akt

protein kinase, and the nenbrane-perneabl e, netabolically stable 10
CAMP anal og i HaececonH anphadi(4iras wWasTHeraigsgd Rsceselined BsExgmple 1B

phosphoryl ate W#f@“ﬁita cah{a%,;gﬁ:gnqu%émﬁaﬁrﬁgﬁﬁy will be 14-3-3

bi ndi ng sites some prot econe ndi ng partners of
14-3- 3 proteins a . InQ : R, GA~qand
ot her i nduced prot%er?)r?bﬁl&?\%{jgggg cﬁﬁ%@ﬁ{?@?ﬁé& ﬁb@g{ﬂymygﬁ??ﬁ\%g dt@gtded
with | pg/m ForiisaGinCatigestedivr8le delictitmcbpiie phbsphia{Searpip-3-3
(cpt-cAWP) for_.1Q m nutes. The cells re d ryes d
| ysed by soni dii§'B% ,m%ffggoeqo,ggnfahar?t{qqagy}’%ygfiﬁo@%ﬁb@a%ﬂagﬁ%er ‘teE%ﬂT I he
lysate was cl efged (Byorahyf 0:8qid/@mrotbh)staycdritadted maRtinemdbiliseth
i nsulin and the cyclic AW anaﬁlg%dh caused an increased | evel of

[

prot ei n phosphantipbey-resin £40 pbd atcy foymag apd “Bifabi Bodis: 8sd t he
cell extract I - d t11 L gur e
297“}} Pr obi ng \t,}ﬁgmtﬁﬁgﬁé éﬁg%éé?ﬁpﬁg%nfég‘v% t?{]ann\éﬁ@;ﬁ%&nﬂ'd% %eédti§%9§"5%$gd
ceH’ extract (Waswadhedextengibelyfthoed Bmep with- B ide-endd MipShand fwo

ti bod |1, Si [ JTechnpl | nc... pr.od
hoved "tk s PR AoTRE R whe ERRainsBlife ol R i iy op
signi ficant 25, mHdRerifiedrogtdticeichtaneript eluisd bbplidesontl sepiabdted 4roth 3
binding notif #1. Proteins in the extract were digested to peptides
wi th  endopr ot@HiRdEEIERRY by CRRSISAIPE NPT FHCTaE oy ol CiyemiBkERe x

bead (MBI Tecyy HeERR dwhias rbERDbicsaRs Gitly C vas
renoved by cg(mlﬁﬁl?%ggt | on? n?@é%%%ﬁ%bl E’osrpho-.( Ser) 14- ?: 3 bi ndi ng
moti f WO 03/ 000oktuRCHEigde Abeus 0,008 0Before analysis by MALDI-TOF mass

15 spectrometry, a 9 pl portion of the YM-10 flow-through fraction was

desalted and concentrated with a reversed-phase ZipTip microcolumn.

MALDI-TOF Analysis

The masses of the peptides that bound fo and eluted from the
; phospho-(Ser) 14-3-3 binding moitif antibody were measured by MALDI-
20 TOF mass specirometry (Figure 30). In Figure 30, peaks labeled with a
star correspond to phosphopeptides, and peaks labeled with a square are
phosphopeptides that have undergone metastable decomposition and
neutral-loss of phosphate.

Metastable decomposition showed that the antibody-purified
25 pepflide fraction contains several candidate phosphopeptides with
phosphoserine or phosphothreonine, as expected based on the antibody's
specificity. Metastable decomposition arises when phosphopeptide ions
undergo neuiral-loss of phosphate while traveling toward the instrument's
detector and is indicated in MALDI-TOF spectra by the presence of broad



nonocl onal anti body (4E2) was prepared as described in Exanple IS
and was found to contain 4 ng anti body per ml of resin.
Phosphopeptigdgsegent ai ni ng the 14-3-3 binding notif were gurudobaeshso
fromthe 3 u-C-digested crude cell extract with phospho-(Ser) 14-3-3
5 bi nding notif nonocl onal antibody bout@2protein G agarose resin.
The digest (about 12 ng, 0.5 pg/l protein) was contacted with

i mobilized antibody-resin (401, 4 g/l) in batch format at 4 C for
16 hours, and unbound peptides were renoved by centrifugation. The
anti body-resin was washed extensively (three tines with 1 m

i ce-col d PBS asnmpandon peaksaloutitdtoweinin mass hendniaat phosphepeptifle

pepti des were ; e ] 00 Lo ks i: and
the el uted pep1 Fgerhss hﬁgﬁgqg\gggﬁgf%g/ﬁ b%&‘l%ﬁéﬁgl%hééﬁ%%ggﬁg p%ﬁh&jes
centri f ugat i onintlieatsghei@sidbls demmpoditit iradpegiie andvdigblpdndicatpr oduct
nunber 42407), tai ules with mol.ecul ar. wei ghts above

i.ch |
107000, et of et the' Gtk PRpSihbeeind bt PrdShePhingr s 5°

portion of ¢ hegpfdatarktd davelabizbiofiedongssiton masis spestiineils ardknown
concentrated with _a reversed-phase Zi pTlu%ﬂm ¢rocolum. MALDI - TOF

Anal ysi s The neesiisityof thecabody gesd fATRUTBERHRD-t o and el uted from the
} phospho-(Ser) 14-3-3 binding notif antibody were neasured bé] MALDI -

20 TOF mass spect r dveefpaispryaf@eddil.Or HOFimasesrRrtryse B dhis S8EIRRY
with a star C@‘g%lﬁél% gng%@hﬁﬁﬁm&%@éﬁﬁﬁie @%grilﬁ?@@#ﬂﬂaﬁﬁ@beﬂ (Pighfe a

square are ph opepti des that have undergone netast abl i
deconposi ti on Hshomsithewd mepds sompenssiohlcdwesp thasvapsample sets. This

cecommos! e SARUEAGBhablE OISR S AR peR RSy oct 1 on
phosphot hr eoni inducexband frrdiotit strapled the spédficiing tidty antibpdies Lised for.
e € b S SRR (B PR oS
detector and i&drntd-gad bikding MbliPhoriédoren entibedypyER ersusesence of
broad VIO 03100%&})(&%1‘)&)'((%%211 *)’L%l} Oe pﬁols%%o—(SBrlT hr) Akt substrate motif
15 polyciona! antibody)]. Two peptides that the sample sets may have in
common correspond to the Glu-C peptide from the ribosomal protein S8,
QIAKR RRLSS LRAST SKSE (SEQ ID NO: 41) with 1 phosphate group
~ and with 2 phosphate groups (see Figure 27), Ser235 and Ser236,
underlined in the peptide sequence shown above, fit the Akt substrate
) 20 motif fully and the 14-3-3 binding site mofif partially.

L.C-MS/MS Analysis

The peptides that bound fo and eluted from the phospho-(Ser)
14-3-3 binding motif antibody were further analyzed by LC-MS/MS. A 20
ul portion of the peptide fraction was desalted and concentrated with a
25 reversed-phase ZipTip microcolumn and eluted with 2 ul 0.1%
trifluoroacetic acid, 40% acetonitrile. An 0.4 ul aliquot of the eluted fraction
was mixed with an ACHA matrix solution and analyzed by MALDI-TOF
mass spectrometry, and it gave a spectrum similar to the one shown in



conpani on peaks about 84 |ower in nmass than intact phosphopeptide

ions. As n@icesdobgyzExanpl es V and VI, experience w th syntpeiitiozi9480
peptides indicates netastable deconposition is a specific and

‘reliable indicator of peptides that ceidP3i-n phosphoserine or
phosphot hr eoni ne, so the 5 appearance of netastable deconposition in
this spectrumfits the known specificity of the antibody used for
purification. A conparison of the MALD - TOF mass spectrumfor this
sanple (Figure 30) and the Akt substrate sanple described in Exanple
VI (Figure 19figsredl Thesremaingersd the atlessactop was aralyzadiy LGo
sanpl e sets. Thi 10 i s expected because, for both sanples, the Akt
protein kinase I nduced and for both sanples the specificities of

th ti bodi tid i,ficati I
(R0 50) P for I BRBVSR el iRl s b d b s ena
22“ bogy 4E2 vlaﬂ)s‘_l]ifse cl@rﬁfﬂ@t@@ﬁhkz)l ?(é(nﬁﬁ{b'g*énd’fyﬁmlghﬁml?_ﬁigh@sﬁﬁmtﬁﬁnmr)

t substrate poti 0 on nti : epti de a e
sanpl e set & n& QH%R/%%%{PG %W?EBEP@E%%%}’PWSW’@%J%W@V EFHE from
the ribosomal Rerd QBB thedNSRd RRRSEHIMSInSEISINE QpbBriRerd 1)
with | phosphate group and with phosphat e groups (see Figure 27},

Ser 235 and Sergaligcted,gadihe g, fovrthhang itk paacls shownriers ablpss et
fit the Akt sulst ti C}é&% - B ' ' : S

n'o:.-t'"'rlf parti al I&ﬁ’ gﬁW%ﬁ%Péﬁdngﬁ%gw |tcg"iﬂel’sc’%|ta %@éﬁhﬁ “?‘lost @E\%

el ut’ed from t heharpes phe2,(Skend +#4that Bavs untiergompnediral iedsiphoephaie.
further an - NS/ VS, . I | of | r I on
was desalt dygﬁge ?%%Lh%rd\ég ae{@dni\%ln% ﬁego&ﬁgéiz&%}g&%sel n %%a%@ﬁ’%%%pﬁe tﬂ&&'

ni crocol u_nr}n anfduetguimfiﬁﬂh bandls bf]?igl% 3t :td) hélpd?mtae:_ehdidaté d, '40%21 .
acetonitrile. An al i t of the eluted fraction was mxed wit
oA e 1 xPsropsritas AR atyyatIons plbks thov et bR Rl et 1y,
and it gave a SHREdAEEI0l clitele iy e tRNchrohRYaYyram, YO58 85l

PCT/ US02/ 19480  -103 Fi %lre 30. Th% rerrﬁj nder _of the eluted fraction
was anal yzed bRhQsphopeptides due fo the hydrophilicity of phosphate groups, and that

15 neutral loss is observed in many of the MS/MS specira, suggesting this
sample is highly enriched with phosphopeptides.

Many of the phosphopepiides showing neutral ioss during LC-
MS/MS (Figure 31, panels 3-5) are the same phosphopeptides that gave
metastable decomposition during MALDI-TOF mass spectrometry (Figure
’ 20  30), see Figure 32. Like the Akt subsirate sample described in Example '
VI, most peptides showing neutral loss during MS/MS contained more
than one phosphate group. The LC-MS/MS analysis results support the
interpretation made on the basis of the MALDI-TOF mass specirum, that
there is likely to be considerable overlap between the set of peptides
25  purified with the Akt substrate antibody and the 14-3-3 binding motif
antibody, including the tentatively assigned multiply phosphorylated
pepiides from ribosomal protein S56.

Another indication of overfap between the two sample sets is
provided by residual backbone fragmentation observed in some of the
30 MS/MS spectra, see Figure 33. The left panels are MS/MS spectra from



M5/ M5. LC-MSI MS anal ysis was perforned as descri bed above (Exanple
V). The chwossmbagt am obt ai ned by anal yzing this sanpl e iscgbsoansdsn 5
Figure 31. The first panel of Figure 31 shows where survey MS scans
were coll ected, the second panel shows-#Bére MS/ M5 spectra were
collected, and the third, fourth, and fifth panels show where neutral
| oss of 49, 32.7, and 24.5, respectively, was detected,
characteristic of ions with charges of +2, +3, and +4 that have

under gone neutral |oss of phosphate. 10 The occurrence and
i ntensities of hadilitsubstrais anfibedy sanaplglsstiang tha righeparsls @re theour t h,

and fifth pane LT, | QGal:e I

phosphopept i degé&réﬁ?gﬁﬁglgtsﬁgﬁ&? g@g{]@fggtésgs%ﬂ%@vd[ﬁ ﬁgﬁ% tg%bg?)%%lpsé%?wgeset
candi dat es t entihe topeharteds a@y both imasighed tdntstivel oty amionasittea phatgedfdr
phosphopepti des_due tq. the.h hi.l 1 Cl of .ph hat e groups,..an
Phat 18" meut r storrsoehinbif 488 56 FBPloc i tef RS RAR sl By Baidi e

S ;Jg?ﬁst i Rg 3 Ei ﬁeuttﬁaigiéb?bb’@t dpegth )ah?wraj @Fedcm'gn hqiﬂh@frg@@?%/gﬂe?:&zl\/any
o] e phosphopeptides s neutral |oss ri ng - i gure
31, panels 3- 5150%@ M@@Wﬁﬁa Wspiopitte chivige fa‘_a“@e(cg@kaé%cf e
deconposi tion %H.D&Jﬂ TRt b RS SreSRRR s SITBEA Yo bR icHWRh %Q:h%@de off €€
Figure 32. Like the Akt substrate sanple described in Exanple ™ VI,
nmost pepti des thbvt Rgs sguessp’ 3,464 aad crp@inaswerivsphaien@eupsrwih t han

onéphosphat e : - ,?ﬁp% ' pport the
i nt€rpretati on%{r?%yg s@%@fﬁéﬁgggé ig{ﬁo t %ﬁki\\l_,%ﬁa%&&?g(r)rzgs spectrum that
there is ljkely to | . t :
peptides 25 purifi e’gﬁvﬂgmé{“ﬁ%bﬁﬁﬁé%ﬁ@%%ﬁ%@ggrﬂﬁt%@fﬂ 51 3
bi ndi ng noti f amatteiptip, assiun aighosphondatiemsite ave pgreat prajeiado mathi pl y
phosphoryl at ed tides fromribos l,.. br i nog,her .
I ndi cation of %‘?}33 aﬁ%%ca?% hgpﬁ %ﬁ%@ﬁ%ﬁéﬂﬁg@ﬁ?ﬁ%’%%ﬁ%
resi dual backbdideot rexydtemuatimbiyuohs essigdmentssiosauet of tree high 1dWst bS
82?85583182&::@3%? !I.%gé’ﬂt h\geqlbﬁ&!te rBsi Ejals fra?grrgen a{itlavrlts aﬁﬁg%é %eg)éc?em Vo

15  backbone. MS/MS showed that many of the most abundant

phosphopeptides are multiply-phosphorylated and will be amenable io

MS? analysis after the current data acquisition software is revised to
recognize multiples of neutral loss and to isolate and fragment the ion with
the highest level of neutral loss (as noted in Example Vi).

: .“.t) 20 One peptide in this sample that was unambiguously identified is a

phosphoserine-containing peptide from heat shock 27 kDa protein (Figure
34). The residue identified as a phosphorylation site by this method, Ser-
78, is known to be phosphorylated by several protein kinases, including
36 kinases and mitogen-activated protein kinases, which are likely 1o

25  have been activated by the treatments used to prepare this sample. See
e.g., Landry ef al. J. Biol. Chem. 267: 794-803 (1992) and Bird et al.
FEBS Leff, 338; 31-36 (1994). This phosphopeptide corresponds fo a
prominent peak detected during MALDI-TOF mass spectrometry, labeled
“2,384.6” in Figure 30. The MS/MS spectrum for the peptide as an ion

30 with a charge of +2 shows a prominent neutral-loss product ion,



the Akt substrate antibody sanple set, and the right panels are the
correspondimgoentira fromthe 14-3-3 binding notif anti begypsameks
set. The top panels are both assigned tentatively to an ion with a
charge of +4 corresponding to the S6 pdpbi-de with two phosphate
groups: in addition to 5 neutral |oss, both spectra show a product
ion wwth an mz value of 668.2, possibly the bl 7-H3PO4 product ion
with a charge of +3 (calculated mz of 668.04). The bottom panel s
are both assigned to an ion with a charge of +4 that has a nass of
3,204 and cont adnsisteniovifhospledbee ghospiate goup (See fégure825hohe a

oot s vore. a0t ¥Rlilbetedinads piftnf blotii Sl tEpBRA T tEh oid"
e Py o ( e oo hv NARRINA R Wil hale |

i n unambi guous® ﬁﬁi %W?d;gleaﬁé@‘e@@toﬁ Waﬁg%%fﬂéﬁ_?‘%@ﬁ%%h% 0SS
with very |5ttkr%vﬁr$§]béﬁiﬁiltyfdfmﬁ'és?ﬂioo(@e@ y pNg-F Hﬁdﬁgnﬁbmr&éody used

backbone. MS/ M5 showed that man he nbst abundant

phosphopept i det® RUTEY the @h%ﬂiﬂ%%ﬁ%ﬁfb‘ﬂ?ﬂéﬂ@@l regiduas Meiohdha PPREIIFY t o
MS3 anal ysi s a%?'f FZX,@ Tx,ﬁnt data acquisition software is revised
to recognize mnu 0 eutral loss and to isolate and fragnent
the ion with the highest Ievel of neutral loss (as noted in Exanple
VI)7y 20 One peptide in this sanple that was unanbi guously identified
is” a phosphoseri ne- cont ai ni ng peptlggm;sl_@rmneat shock 27 kDa protein

(Figure 34). The residuye identifi das hor i

this nethod, Selsolaton ptPen aﬁ g he E@%"%&F@‘r‘ NP‘%'f
protein Ki Hises, incl udi ng S6 ?ﬁ‘a% activated protein
ki nases, which are likely to 25 have been actlvat ed by the treatnents

used to prepare thipsg ;ﬁﬁ!&'c@ﬂtéﬁ%ﬁg ﬂ@e ﬁhes X1 @focRihg rdetifBi ol . Chem
267: 794-803 (1992) and Bird et Lett. 338: 31 36 (1994).
Thi s phosphopefft W%(Sc/a‘* KE@@dﬁE@ %NQ 4'8) dYﬁeﬁérift’Sﬁ@%Wéb’ﬂt”@tﬁ IS ng

MALDI - TOF massg, ,?lor t%@@tﬁ"ym lcak&l fitbs Phgs & t;hHo@.pﬁ t@l%&‘ué&?

M5/ M5 spect rum ept | e as an ion 3 +2 shows
a prom nentS neindicates miwyiﬂlmlnepr fysesingioney be cetslively l3aised /fmea 80

complex mixture of peptides, such as a digested cell lysate. Many protein
Kinases contain this docking motif sequence, and phosphorylation of this
sequence is required for these kinases to bind {o 3-phosphoinositide-
_ dependent kinase 1 (PDK1). PDK1 plays a central role in the activation of

-/ 20  several growth factor-induced protein kinases, including protein kinase B
(PKB), p70 36 kinase, several PKC isotypes, and serum and
glucocorticoid-induced kinase (SGK). See, e.g. Belham ef al., Curr. Biol,
11: R83-R96 (1999).

The phospho-PDK1 docking motif 18A2 (bulky rings) monoclonal
25 antibody (Cell Signaling Technology, Inc., product number 9634) is a
motif-specific, contexi-independent antibody that recognizes
phosphopeptides with the consensus sequence FXXF(S*T*)(F/Y), where
F is phenylalanine, X is any amino acid, S*/T* indicates phosphoserine or
phosphothreonine, and F/V indicates phenylalanine or tyrosine. To
30 identify other proteins with this PDK1 docking motif or profile the



-105 consistent with | oss of one phosphate group (see Figure 32). The
spectrum t ixad o3mosskd be assigned a parent protein and phosphgusgaabdson
site by Sequest was produced fromthe sane peptide as an ion with a
charge of +3. As expected, the sequened06ont ext of Ser-78 (RALS*RQ
fits the 5 known specificity of the phospho-(Ser) 14-3-3 binding
notif antibody used to purify the phosphopeptide [underlined
residues match the specificity notif (R K)XXS*XPJ. EXAMPLE VI |

| sol ati on of Peptides Containing the Phospho-PDKI Docking Mtif 10
froma Crude Ce¢ijvation stetes pEiptavaeBDEJ rﬁté)isgﬁiﬁ%g antre cplhvpdgehbreiEK|

docking notif

phenyl gl ani ne, rézﬁ&%ﬂ:éaen%l #B d;(%;\%‘ (@Egé’bquﬁgﬁm b%@ﬁﬁ%d: %%E"g ?Yﬁg or

Ehosplhot hr eolni Tmemrmmﬁdc?i?ity];ﬁmfylﬂho@tmepmwécaﬁanlngdhermd(};flfmm ae) nay
e se ectlveylso ated fro m xt ur ti suc

2 i gest ed cel somleRrExtun Al baR kS Rucheha st pell Fate: Eotinly

nmoti f sequesicea pacﬁtam@h@mﬁrexclaaéﬂoﬂrmggﬁ bé bbfinSERYENEEOScélBifHa 1 ed f or

t hese kinases to hind to 3-phosphoi nositide- dependent ki nasge |

(PDK1). PDKI piragrikey) MPN@TGXPBQS«@% Al REotRiB ¢ Tremtd Torealls (mpuse)epaied

row h factor- d n B
CPRE) | p70 36 FInRERACEAMMRLILIENIPRRTr bIFOHINA Bh i oh i PR

gl ucocorti coi dextramﬁe[@reparw;b@aq patgins ggeatueecbas Gescibedeboyk (seeCurr .

"i'ngs) monoc ! ofdp oA PrpRAY F A e R it Wiyt e iRt ot

product nubbero@déBgjoteases. notif-specific, context-independent
anti body that recogni zes phosphopeptides with the consensus sequence
FXXF(S*/ T*) (F/ YY), vﬂwa)hoﬁepﬁdemmryﬁiaingrthaé@m dicsc}qmg/nmtﬁ ae iaalaghd

ST o2t SR RIGS RARREL R m AL BRPSR BTN AR AR B Pt
PDKI docki ng npiohbclonalmiibots (PDE1 \Aﬁcaﬁgaﬂ&ﬁﬁmﬁéﬂmmﬁﬂf A88E resin
by hydrazide chemistry, as described above for P-Tyr-100 monoclonal
15 and P-Thr polyclonal antibodies, The digest is contacted with the
antibody-resin in batch format at 4° C for 1 to 16 hours. Unbound peptides
are then removed by centrifugation, and the antibody-resin is extensively
washed before elufing bound peptides with 0.1 M glycine, pH 2.3, The
eluted peptides are concentrated and desalted with reversed-phase
3 20  ZipTip microcolumns. The masses of the eluted peptides are measured
_ before and after treating aliquots of the eluted peptides with phosphatase,
which can remove phosphate groups from the phosphopepiides and
reduce the phosphopeptide masses by 80 for each phosphate present in
the peptide. The mixture of phosphopeptides is then analyzed by MS/MS,
25 as described above, to obtain partial peplide sequence information to
facilitate identifying the parent proteins from which each phosphopeptide
originated. It is expected that each phosphopeptide sequence will fit the
PDK1 docking motif consensus sequence described above.



-106 activation states of known PDKlI substrates on a cell-w de basis,
| rmobi | i zeswdBbdosdocki ng notif (bul ky rings) antibody maypbeusimbgyed
to imunoaffinity purify phosphopeptides containing the notif froma

conpl ex mixture of peptides, such as a-dP§ested cell |ysate. For
exanple, 5 a proteinaceous preparation my be obtained froma COS
cell Iine (nonkey) that overexpresses Akt protein, from3T3 cells

(nouse) treated wth platelet derived growmh factor, or from Jurkat
(human) cells. The extract is prepared and proteins denatured as
descri bed above (see "Proteinaceous E¥AMBYE Rt i ons"), then digested
W th immobilized trypsin or 10 other proteases. Phosphopepti des
contai ni ng the PDK1 doclsokgfieref Acah-lysiseLiantaining Rapiislesonpl ex

m xture in the digested cell |y&eamea@rude Qedl Bxirast ri ngs nohocl onal
anti body (PDKI docking notif) imobilized to agarose resin by

hydr azi de chemi st r yPepikledewoiditing aablyladed msiducty e-gl ab6tylabediksimeal 15

and P-Thr pol ycl onal td bpdi es. ,The digest is.contacted wth the
ANt body. r bsi R EBaeP gl et e Iet Bogas JRiothsghds o
peptides arle ﬂibeﬁedeigﬂ‘gﬁété))acciﬂﬁmg tbttg@hheghod aﬂ&otlatihﬁe;_ﬁimﬁl tgmﬁmﬁml n
is extensively shed before el uting bound, peptides with O,

gl ycine, pH z.@a\w@%ylam{w%@ﬁpfﬁ@é@atmr%ﬁz@éﬁdr%ﬁr@o@%w feeugh ed
with reversed- phafieafiéh 6f MdicRedbAd AeALLHPIDN RS TRPERuUSEpddiR €l uted
pepty des are neasured before and after treating aliquots of the

el uted pepid delsolgiien op Aelyiriadreptidegmicsic prYidedmppstaphbégrmien @loups
f the ph ' ' by 80
for each phosphEEotyaiRsBRe of RtolcdR ol PRSI RRR I EReTROSeS bY
hosph tides i : - ' t
phosphopeptides Is A%gﬂa%mgé’lﬁé%ﬁbg‘\ﬁa t:t?ot%ﬁ&feﬁﬁﬁep@ggre%m&sgy, 0

obtain partial pepti seqﬁ nce | rmation aciti
i denti fying t hincpgreditct puother AE3T yspecilicaiiihrasaghizes pspiaing dietindee

o D ot FRRSEBRbAR FOBe O SREIARY 1 AREURIRR e 11

03/ 000931 BCTNg02p4 IABRentify(sther sites of aceiylation, immobilized acetylated-
lysine antibody may be used to immunoaffinity purify modified (j.e.
acelylated) peptides from a proteinaceous preparation, according to the
method of the invention. For example, a digested cell lysate containing a
complex mixiure of pepfides may be prepared from a COS cell fine

20 {monkey) that overexpresses the HIV Nef protein, which is acetylated at
_,') lysine-4. The proteinaceous preparation is prepared and proteins

denatured as described above (see “Proteinaceous preparations™), and
digested with immobilized trypsin or other suitable immobilized proteases
that can be removed from the digest by centrifugation.

25 Acetylated peptides may then be isolated from the digested cell
lysate with the acetyl-lysine spacific antibody (a general modification-
specific antibody) linked to agarose resin using a hydrazide chemistry, as
was described above for the P-Tyr-100 monocional antibody and the P-
Thr-polyclonal antibody. To isolate acetylated peptides, the digested

30 crude exiract may then be contacted with the immobilized acetylated-
lysine moncclonal antibody at 4 °C overnight. The resin may then be



EXAMPLElI X |sol ation of Acetyl-lysine-Containing Peptides froma
Crude Cel | wxésroaedzr 5 Pepti des contai ning acetyl at ed resi dpeBys®s/9480
acetyl ated-l1ysine, nmay be selectively isolated froma conpl ex

m xture of peptides, such as a digested0O8ell |ysate, according to
the nethod of the invention. It is knowmn that acetyl ation regul ates
chromatin structure and gene activity through nodification of

hi stories and transcription factors, and thus specific 10 isolation

of acetylated peptides woul d provi de i nmportant information on the
activation st atessveredttyesantifughting and extensigely washedestdsisesbed above.

tne. product - ipaRRoEaiftEiss el ke SR hPIRD P AHPREPIARY 1oy

been post-tr anwiﬁaahmirl@/sm Bueitab . B6 efifilcatacaticatid srsd oentrifugation
epsi | on-am no rouP ;ﬁ identify other sites of acetylation,
i mmobi i zed act®f qsyg e anti body may be used to inmmunoaffinity

bt epal ati or? Sﬂcé'r Forgr o, Retarbibrses NS Mo KRS aRaRp) o

a digested cel brohﬁﬁ@ﬁt%c%%téh rplrcstaman tﬁ@ﬁ@[l hdM Kietpectel tRefHdenRstermY
be prepared froma COS ¢ | i ne (monk e gthat over expresses the

H V Nef prot ei HIV gf éﬁpﬁckisd&lﬁb?l&&ﬁéﬁc%ﬂy isplatads along mﬁboﬁﬁeﬁ@@@tﬁl@mus
t

(sen ™ Pr ot of noR IR Aot SlcinBhod R HigR HERe HeptoRanys
try'p5| n or ot hethes atetylstes peptisesimaeie ﬁnﬁteéaselvzed b MS/MS beoblairoved
f t he dj b
o B shaH AL B 3R TRpE RS PR e
specific anti banyweapmamr emgrei aﬁctairkiaiseqpmde‘\i\r‘rﬂ rmt%cbmfdm thgi nllged
t r r n n e ¢ r.j hed .above
R T e
antibody. To i Aﬁélgéle ol egiear |a@é@¢ht@@pé%t¢t% parlﬂzedcbygmstrﬁdthal rﬁasuiﬂ!%nt{fy
extract may then be contacted with t

bi Il?f{ed acet%S % rﬁ( i ne
nmonocl onal ant i‘%d@/reﬂtouﬁlyé‘%@@\”ﬂ@QHEY’at@ﬁeS‘tﬁés@ lRehese erseningpartia
03/000931 £T/ é&ﬁ?dn%@%lysxs is necessary to match each acetylated peptide with its

parent protein. Generally, a peptide’s mass and a partial sequence of that

peptide is sufficient to identify the parent protein for that peptide, as long
as the parent protein’s sequence is stored in a public protein sequence
database. See Mann ef al., Anal, Chem. 66: 4380-4399 (1994).

ExampPLE X

Profiling of Activated Pathways in Tumor Tissue by Isolation of
Modified Peptides from a Crude Tissue Extract

Activation status of important biological signaling pathways in
25 diseased tissue may be profiled by seleciive isolation of modified peptides
in accordance with the method of the inveniion, Activation of specific
cellular signaling pathways depends, for example, upon the
phosphorylation of specific proteins. Therefore, protein phosphorylation
states in target cell, e.g. tumor cells, may be used fo profile pathway



-108 recovered by bentrifugati on and extensively washed as descri bed
above. Thgdaguesspepti des may then be eluted by treati ngpdhBs02/19480
anti body-resin wth an eluting solvent such as 0.1 % trifluoroacetic
acid and centrifugation through a plastite-frit. 5 For this cel

line, the overexpressed HV Net protein is the nost prom nent
acetylated protein in the cell, and it is expected that acetyl ated

H V Nef peptides wll be specifically isolated, along with other
acetylated peptides, according to the nmethod of the invention. These

peptides and atiivatiombypydEring qeiipdirdets frony bbwosly senipbes aitator ddsios
VS/ M5 t bt ai ' t hat .b identify th
par ent - or ot e, oMt i PEReS FradPt sSBER B R . partial
i 11 hel 1 t he . tide isol d f th d
extract 15 i ndeed MORHE RPERBRBHTURAS S piffor pob e

acetyl ated pepbicgestupmdrickil efapyeldamtedBitdobtaingte pidtéMacedry,
previ ously unknown acetyhatlon sites, and in these cases the partial

15 sequence® anBlePa[HoNsWhICHLODERS B Somplenmeddly A derjdes. dpmEin st
W th its  parefngMcalieh ProtERBeEald Mo araﬁatmggiatéiogga?ﬁ@ﬁgmaa Bfpld 2l

|
sequence of that peptide is sufficient to | ‘ ne parent
protein for thagedhepiopay frogsalbseast ot naighhprevidegsyiiisient selidguence

pnat, Chom ' 56, 350 5A80% b A EE e TR g Rt

Act-t'vat ed Pat hiwalpgingn eTunthe MAB sireskpatiaetptiatous growibdadtoebcBpiuri des

froma Cru Tissue Extract Activation at.us_of 1 nportangt

bi ol 0gi cal [Li GREINTRYS Aty SHF5e Bl SabE Tegsnlem iy b 5P BI Fred
by ﬁegec; i Vﬁ | Sudhadd e ezfterga;iiréct@ﬂo:pe?tf&t@@?_t~fe>+mnmqmrl ltdﬂﬁﬁﬁal WM[h?ﬂ he
met hod of the | nvent]on. ctivation of specific .cellu r stgnalin
pat hways deperfi§se PEINVENETAVE Coraorde HaibLaiied 1 Biershosteel Badrs c
protei ns. Therg{fint Rirgéitor ANRSRBAYLRFS Blig ddidmer dnanggientel |,
e.g. tunor cells, may be used to profile pathway 03/ 000931

PCT/ US02/ 19480therapy.

15 To evaluate changes in the signaling pathways of spedific breast
cancer biopsies, a proteinaceous preparation is obtained from the biopsy
sample and desired modified peptides, e.g. phosphopeptides, from that
fraction are immunoaffinity purified and characterized by MS as described

_ above. A protein fraction is obtained from frozen biopsy tissue by

) 20  sonication, and insoluble material and cytoskeletal proteins are removed
by centrifugation. The supernatant fraction, containing the bulk of the
celiular proteins, is then denatured by heat freatment and digested with
immobilized trypsin or some other specific proteolytic enzyme. This
proteinaceous preparation contains modified phosphopeptides from

25  muitiple different proteins. The proteinaceous preparation is contacted
with an immobilized general phospho-specific antibody, e.g. a
phosphotyrosine-specific antibody, to isolate phosphopeptides from the
complex mixture in the proteinaceous preparation by immunoaffinity
isolation. A single type of antibody-resin-or several types of antibody-resin

30  in series may be employed; e.g., the protein fraction is contacted with an




-109 activation by preparing cell extracts from bi opsy sanpl es of
tunmor ti ssyasoesdosodm which nodified peptides may be sel ect peyoz19480
I sol ated. Profiling of protein phosphorylation states in tunor cell,

e.g. a breast tunor cell, may be carri-dd0cut by obtaining a
prot ei naceous 5 preparation, which contains a conplex m xture of
peptides, fromthe target tunor cell. A proteinaceous preparation

may be obtained froma single needle biopsy froma breast tunor,
whi ch provides sufficient cellular extract to profile the activation
status of nul tinpnebifzeshahesphiopaosinerppeciiic aolibedn(g;g. ¢1 §.columi agAP

ki nase pat hway | ; h ﬁgﬁpﬁ_ - HMAYS, 1] udi ng
epi der mal gromfﬁw@;%wes%gé\ﬁ& 8&?%%%?% re%cg[p?i] 3‘%"2'?& su%:{:%J Igst e
estrogen receptreatedarith ahimBbbilzdd AlsubSvhigaibtifxayeciiid antibody frhase
pat hways have been shown to b$ i nval recslst cancer and .are

din
i mport ant  t ar gBF©AGUPRRH 8% Qﬁﬁ“?\?ﬁﬁ?@dép PP FEINGHENESERE pati ent
therapy. 15 Toggasivaleo ¢aoeLEnbdurich@. §irddphbsshapbivagpepidesspagi fic

breast cancer biopsies, a proteinaceous preparation |sh obt ai ned from
the biopsy satfis ROUEPRESE (TEglion 5 e ISFRYSIFHRY tregting the antibody-resin

phosphopept i degg; t ' s | 4 urified and
%{;/th ﬁg%;%ﬁrggzésoéﬁrg 3g5h 88 021 % tHiRBHSA ! 2id.Y P

characterized ove. A protein fraction is

obt ai ned from f r02eﬁhé’égﬂ?lﬁ)ésgﬁﬁgeﬁﬁde%%r‘é‘%ﬂéﬁéﬁ%tgfed BPMAUISOROP e

mat'grial and cyt oskel et einS are renoved cen _ugati on.
The-super nat anM3, eadtphospheylatianis eenfirmediy keasuringdhe pepfide arass

proteins, s t i ]
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mul tiple different proteins.. The proteinaceous preparatlion Is

Cont st ed. w ¢ FEreBhbEAYEY ulieRar DRSBTS S Rtk ay,
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several types plenfifitthBoRYerli@rotBinie dddhSRiphias. ey Meneepa/oyedl),supra.

the protein fraction is contacted with an, .
Ideaily, this procedure is performed with tumor and normal cell biopsies
from the same patient. However, if certain phosphorylation sites are
known to be diagnostic markers for a sbeciﬁc cancer, then the method
can be used to assay the presence of those markers only, without a

20 normal cell reference.

L F
-,
™

The amounts of phosphorylated peptides isolated from the target
cells from tumor tissues are compared fo levels observed in extracts from
reference cells from normal tissues, Alterations in phosphorylation of a
given peptide (and thus, its parent protein), when compared fo the

25 reference cell phosphorylation state, will indicate activation of the
corresponding signaling pathway. Information obtained from this profiling
may be used fo determine the best therapy for the patient, as well as fo
monitor the specific effects of the therapy, e.g. drug treatment, on the
targeted signaling pathways. Profiling of phosphorylation states in a target

30 diseased cell, such as a breast tumor cell, also provides information
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phosphot yrwgi msee®pieci fic anti body (e.g. In a colum, as PrBUSQuUSSY
descri bed), and the unbound fraction frgmthat step is then treated
with an i mobilized Akt substrate nntifjgbecific antibody in a

second support, etc. The immbilized anti body-resins are washed 5
extensively to renove unbound (e.g. nonphosphoryl ated) peptides, and
t he bound peptide fraction is then recovered by treating the

ant i body-resihn th an eluting solvent such as 0.1 %trifluoroacetic

acid. The el ut '#‘CP\?AWH%%F%%%\@'@FH%“%P&- thassesndng slactnf aveeityces e,
and phosphoryl gt i i i i : i 10
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phosphat ase, wpdtbwayh s invelved sespeaiic gansersd cOthes positrasidtinnakach

phosphate gro =10 ASS] iLf i : L P
proteins, t he%gﬂﬁ%&h%@pﬁfﬁa@ﬁe& %’a{(g?ﬁlc'}%y :Bg r%%ﬁ%@t%é?s%e%s%%ﬁ%g, %@f}}s
partial sedquencancenfroaysitnilarly belExamies bathevgethiods diswogeejitdrdia. nass,
is sufficient to unanbi guously 15 identify the parent protein of each
pepti de. See Mann et a!. (1994), supra. ldeally, this procedure is
performed with tunor and normal cell biopsies fromthe sane patient.
However, if certain phosphorylation sites are known to be diagnostic
mar kers for a specific cancer, then the nethod can be used to assay
t hénpresence of those markers only, w thout a 20 nornal cel

reference. The anounts of phosphoryl ated peptides isolated fromthe
target cells fromtunor tissues are conpared to | evels observed in
extracts from reference cells fromnormal tissues. Alterations in
phosphoryl ation of a given peptide (and thus, its parent protein),
when conpared to the 25 reference cell phosphorylation state, wll

i ndicate activation of the corresponding signaling pathway.

I nformation obtained fromthis profiling may be used to determ ne
the best therapy for the patient, as well as to nonitor the specific
effects of the therapy, e.g. drug treatnent, on the targeted
signaling pathways. Profiling of phosphorylation states in a target



30 diseased cell, such as a breast tunor cell, also provides

i nformati on WO 03/ 000931 PCTNS02/ 19480 -111 useful in drug

devel opnent, e.g. to assess the effect of a test drug, as well as
for cancer research to identify which siggling proteins and

pat hways are involved in specific cancers. O her post-translational
nodi fications of proteins that may be relevant to di sease states,
such as 5 capgggAT RPELAINEDAY:Yy be exam ned by the nethods disclosed
herein. -112- WHAT IS CLAIMED IS: 1. A nethod for isolating a

popul ati on of; nat = ST T &t} inf-ked
pepti des fror?fa colﬂrrp eélioa?n%iﬁﬂléeﬁ}% QS%EH ggﬁgg?ddgmng%%%ﬁﬁ§§$§| si ng
the steps of irabslzdipnalb miovifieg pepdidesdrom cemsplpk apziuat odpeplides, aaid

organi sm wherein said. proteinaceous preparation conprises
natural | y- oc@ﬁtﬁPa&%@fﬂQﬁ‘gé}?aﬁp nal |y nodified peptides fromtwo
or nore different proteins;, (b) contacting said ftei naceous

2 . ro, .
preparati &n with &8) | efbtaiging a PWB?P‘P%P’&E’@@%‘?&W&W YEENism,
nodi fication-s k£ t ] : ol '
opul at on'of - napei PR JraRacdil pHEpbiahoh TRl iR Seolfihg
pept i des speci f pestittandedionadipynodifiet pepiidsd frarmdwo or more different proteins;
nodi fi cation-specific antibody in step (b). 2. The nethod of claim1,

f]chrt hgr conpri si ngb} he caheaziing st peieinacésus glepgratidh wih dt [eagtibagi on
of nodified peptides, isolated in ste c)._by mass spectronetr (MB),
tandem nmass speiPehlizeq pPWW|?t'%i§/‘5ﬁ’3‘ﬂ@‘oé‘h%q%&san@0d?h%x%t hod

of claim2, wherein said nmass spectronetry conprises natrix-assisted
| aser dedBrption tEhe- dsciatingat lepriems Porpptingof GRkIalnOeRIrdNg past-

t andem mass spe . B QU . |.9%_ ,
and wherein sai @é@%@ﬁ%ﬁ%yﬁ?@ﬁ%@%;a #'géel%bﬁ@ﬁféwi i@]ér[%?ho c!c\)é?&g@
clainms 2 or 3, fodtfitetios-eppeifisiamiiboteirsstep (bj. (e) utilizing a search
programto substantially match the spectra obtained for said 25
nodi fi ed peptides during the characterization of step (d) with the

t f . -
spectra tor 2. The method of claim 1, further comprising the step of (d} characterizing
15 said population of modified peptides isolated in step (c) by mass spectrometry

(MS), tandem mass spectrometry (MS-MS), and/or MS® analysis.

3. The method of claim 2, wherein said mass spectrometry comprises
matrix-assisted laser desorption time-of-flight (MALDI-TOF) MS, wherein said

20 tandem mass spectrometry comprises liquid chromatography (LC)-MS/MS,
and wherein said MS?® analysis comprises LC-MS®.

4, The method of claims 2 or 3, further comprising the step of (e) utilizing
& search program to substantially maich the spectra obtained for said

25 madified peptides during the characterization of step (d) with the specira for
known peptide sequenceas, thereby identifying the parent protein(s) of said
modified peptides.

5. The method of any one of claims 1 to 4 , wherein said proteinaceous

30 preparation comprises a digested biological sample selected from the group



known pepti de sequences, thereby identifying the parent protein(s) of
said nodified peptides. 5. The nethod of any one of clains 1 to 4,
wherein said protei naceous 30 preparation conprises a digested

bi ol ogi cal sanple selected fromthe graupiz.113- consisting of a

di gested crude cell extract, a digested tissue sanple, a digested
serum sanpl e, a digested urine sanple, a digested synovial fluid

sampl e, and oty efa 3Rty ik apsRlzey, Bagesorsmichadgt, ¢l ai m

5, wherein s sted preparation i s obtained usi ngtJ at | east one

proteol ytic eligasted serurhesinpé, acligastegaring sarnplenedigrsted syneviahfiid
wherein said proteol yfic.en is J bilized. 10 8. The nethod of
claim e, V\helsgpﬁ%*aq %P&e(?é%gg’?'egleﬁ%n‘ipg‘sol ubl e, and wherein
said digested preparation is treated with a proteolysis inhibitor
prior to said contacting step (b). 9. The nethod of any one of

claims 1 §0 & whangi Aeficaioi@ind Brwhéerleid SaieQliedtee praaration i obtamed
sai d proteinaceous preparation by imobilized nmetal affinity

chr omat ogr aphigind aidesst are profrolvia eoeyres oarbewingl sleaypgens 1 to 9,
wherein said i mobilized antibody of step (b) is covalently-Iinked
to a chromatography resin or 20 noncoval ently-linked to protein-A- or

protei n- G agar ose.,. 11, d WP i o B FY-XV R "
cont ai ned wi f’rhi n érhjec'gﬁm %fé'%ﬁ'c@ﬁ%tﬂ%léaﬁ %iﬁ%ﬁo%ﬁﬁﬁ%eedﬁét chalf(i) d.
claim2, wherein said inmmobilized antibody of step (b) is

i rmobi i zed in chromatography resin wthin a colum, said colum

being cogpl @&l t 0 ThamsthosREail4iaNe] wheft saial stotdolytRciretyirais spiutdé, and
step (d). 13. The nethod of any one of clains 1 to 12, wherein, said
modi i cat i on WiEgeEGHRIR Higesisshpiaprerinnieiitiated wilh.a prpteqiyys ighiRibyr Ryjor to
any one of cl_ai rein said nodified peptide(s)
conprise(s) ggw;%%ﬁ%@je%%eggml& The met hod of any one of clains 1
to 14, wherein said post

9. The method of any one of claims 1 to 8, wherein step (a) further
15  comprises pre-purifying said proteinaceous preparation by immobilized metal

affinity chromatography {(IMAC).

10.  The method of any one of claims 1 to 9, wherein said immobilized
antibody of step (b) is covalently-linked to a chromatography resin or

20 noncovalently-linked o protein-A- or protein-G-agarose.

11,  The method of claim 10, wherein said resin is contained within a
column or micropipette tip.

25 12, The method of claim 2, wherein said immobilized antibody of step (b)
is immobilized in chromatagraphy resin within a column, said column being
caupled to a mass spectrometer for said characterization of step (d).

13.  The method of any one of claims 1 to 12, wherein said modification

30 comprises phosphorylation.



5 transl ational nodification-specific antibody conprises a
notif-specific, context-independent antibody that specifically binds
a notif conprising at |east one phosphorylated am no acid. 16. The
met hod of claim 15, wherein said notif .comsists of a single 10
phosphoryl ated am no acid. 17. The nethod of claim 15, wherein said
notif conprises all or part of a kinase consensus substrate notif or

a protein-prakei nTREMHERGIBI k- on@of%lm-%hﬁd'rﬁ??x *"@Hel%f in 8hidi iddified

wherein said ki nase consensus Substrate nmotif is selected fromthe
group consi sPicptide(s) aomogesisaetnhaspbapepiidei n ki nase  (MAPK)

consensus substrate notifs, cyclin-dependent kinase (CDK) consensus
substrate notifs, protein kinase A (PKA) consensus substrate notifs,

T S Rl TR B RS = 20

t el engi ecst aghpskHbAbIeHddIFESSRRSYSCIBY BRlIBRIEcamblidss a@f@lﬁ%@bnﬁbn sai d
protein-protein binding is a 14-3-3 binding notif or a

3- phosphi nosFenigxt-ingiependent arkinedy dhat qmgailm@md%m%m‘ Femppisingaat
The net hod ofea%gén&g_rb?‘a%hgijy%g&agn xtuS’aE:@i bWher ein sai d post-
ITi

transl ati ona on‘specrtic an ody is a nonocl onal anti body
or a polyclonal antibody. 20. The nethod of any one of clains 1 to
19, wherein at |east one nodified 30 peptide isolated in step (c)

corresponds g, a Khewneitiatkdiclafm 16, sesaein M 0%iTQ08kiP6T4 BBgRY 19480
115 21. The pethod of claim 4, wherein said nodified pepti de

char act eerHhWP@Qr&]&tQ%?W?'ﬁses an unknown nodification site of
said parent protein. 22. The nethod of clainms 2 or 3, further
conprising the step of (e) 5 conparing the nodification state of said

modi fied pepyiyde q‘ﬂégﬁéﬁ%&'cﬁ‘% 5, %t‘?‘é}e asM"n’i&‘t;f%ﬁb;ff%@%fdhlccﬁ a‘?Pofa

state of a correspondi ng pept| e lna erence sa
conpar e pr ot Eirasaconsansiensustshs mot;ﬁmaqlmmﬂe@mtem ipdingt motif. WI t h
protein activation in said reference

15 18, The method of claim 17, wherein said kinase consensus substrate
motif is selected from the group consisting of mitogen-activated protein kinasa
{MAPK) consensus substrate motifs, cyclin-dependent kinase (CDK)
consensus substrate motifs, protein kinase A (PKA) consensus substrate
motifs, AKT consensus subsirate matifs, protein kinase C (PKC) consensus

20  substrate motifs, phosphothreonine-X-argining, and ATM (ataxia
telengiecstasia mutated) consensus substrate motifs, and wherein said
protein-protein binding is a 14-3-3 binding motif or a 3-phosphinositide-
dependent kinase 1 (PDK1)} docking motif.

25 19, The method of any one of ¢laims 1 {o 18, wherein said post-
translational modification-specific antibody is a monoclonal antibedy or a
polyclonal antibody.

20. The method of any ene of claims 1 to 18, wherein at least one modified
30 peplide isolated in step (¢) corresponds to a known marker of disease.



sanple. 10 23. The nethod of claim 22, wherein said protei naceous

preparati %o (ﬁﬂlﬁzfggfponds to a di seased organi smand said I;celflgsr[,?&&go
sanpl e corresponds to a nornmal organi sm whereby conparison o

protein activation provides informtion{®n activation changes

resulting fromsaid 15 disease. 24. The nethod of claim 22, wherein
sai d proteinaceous preparation is obtained froma tissue biopsy cel
or a clinical fluid sanple and said reference sanple corresponds to
a di seased organi sm whereby the 20 conparison of protein activation

pr O\I‘lli gesf i n}‘ O_r;n'ﬁt2 izqm\;ﬁﬁé{nab df@_[aétﬁi@méiﬁ saltf modifidd Peptiase. 25. dThe
met hod of clalm ,, wnereln s rorein pr aratiop. corresponds
with an or gani%r%te%%arséﬁn% CPP@&‘ES@% 3W%“§R%Wn |”é°é£fﬂcaglﬁs Sﬂ*@@? salgig

conpound and Saifnf GbiEnce sanple corresponds with an untreated

organi smor preparation, whereby the conparison of protein activation
provi des i nf ordst i driveomethodiof gldion 2c0rah Jedharasmprising hesien ebE) nent

wth saiddges . | | he
conpari son 5E)f %’r@%ﬁﬁ%ﬂg(ﬁ'ﬁ%‘%ﬁ%gﬁg%%%@g@g‘i‘ﬁ%& %@ﬁ%ﬁ@%ﬁ%@eﬁq
characteri zed step &d)eptH the rasdiith/09@as8 b REHEsPSHding P4plde Ils
corresponding to a parent. protein not previaously reported.as so

modi fied i n SEICMS sBple! STl o G R5oE) ativEagt iﬁ’rgaé‘g wher ei n
sai d di sease igoganegbus prepifiatidihwitiiptdion afivatic imsaid reflrenesn sai d
test conpound C?{{gl‘l ses a cancer therapeutic. 29. The nmethod of
cl-ai/m 25, wher®@™P8ai d test conpound conprises a 10 ki nase

i nhi bitor .1030. A nethod for isolating a phosphopeptide froma conpl ex

m xture of L . .
23. The method of claim 22, wherein said proteinaceous preparation

corresponds to a diseased organism and said reference sample

corresponds to a normal organism, whereby comparison of protein

activation provides information on activation changes resulting from said
15 disease.

24,  The method of claim 22, wherein said proteinaceous preparation is
obtained from a tissue biopsy cell or a clinical fluid sample and said
reference sample corresponds o a diseased organism, whereby the

20 comparison of protein activation provides information useful for diagnosis
of said disease.

25.  The method of claim 22, wherein said protein preparation
corresponds with an organism or preparation treated with at least one test
25 compound and said reference sample corresponds with an unireated
organism or preparation, whereby the comparison of protein activation
provides information on activation changes resulting from freatment with

said test compound.

30 26. The method of claim 23, wherein the comparison of protein
activation identifies the modified peptide characterized in step (d) as



pepti des, said method conprising the steps of: (a) obtaining a

prot ei naceQusoofRar ation froman organism 15 wherein sgifhyserrnoaso
pr ot ei naceous preparation conprises phosphopeptides fromtwo or nore

different proteins; (b) contacting saidqagatei naceous preparation
with at | east one immobilized notif-specific, context-independent
anti body that binds a notif conprising at | east one phosphoryl ated
am no acid; 20 (c) isolating at | east one phosphopeptide specifically
bound by said inmobilized antibody in step (b); and (d)

char act eri zi ngcsmésbomaittid foefip@ent pideeih st pleRibusly rehefied e saymodiss
spectronetry (hﬁgh t andem mass spectronetry (Ms-MS), and/or MS3

anal ysis. 25 31 S2diSg88%od of claim 30, further conprising the step
of (e) utilizing a search programto substantially match the nass
spectra obtained for said nodified peptide during the

characteri zati 8f of The aptied ollaim 2her Eﬁs\&hel'§fﬂe$ﬂi digegpeds pepidrde of
one or nore: known protein(s), thereby identifying 30 the parent
protein(s) of said nodified peptide. -117- 32. The nethod of claim
32, wherein sak8. neflke smted ohaainy 28 omperevesaid test compased sbambrises ar
desorption tine-of -flight (MALDI - TOF) M5, wherein said tandem nmass
spectronetry cgﬂ%F?§3§gP? *d chromat ography (LC)-MS/ M5, and wherein
said MS3 anal ysis conprises LC-Ms3. 33. The nmethod of any one of

clainms 30 to 3 rein st (a rther, conprises digesting said
pr-otiei naceous é?-e\;)\gﬁé? m?rﬂh?(ggﬁﬁ!%'%ih% ‘%h%SWﬁ%?nPEWQWPHg‘gPO Peiés.
10 34. Thejgret kpds®@ihngdigirm 30 , wherein said notif of step (b)

conprises all or part of a kinase consensus substrate notif or a
protein-protein binding notif, or consists of a single

R L L

29, wherein sard o _ Ol cetylation,
gl ycosyl at i on, peplidest sgitlanetbad comprising the steps of:

(a) obtaining a proteinaceous preparation from an organism,
15 wherein said proteinaceous preparation comprises
phosphopepiides from two or more different proteins;

(b)  contacting said proteinaceous preparation with at least one
immobilized motif-specific, context-independent antibody that binds
a motif comprising at least one phosphorylated amino acid;

. 20 (c) isolating at least one phosphopeptide specifically bound by
said immobiliized antibody in step (b); and

(d)  characterizing said modified peptide isolated in step (c) by
mass spectrometry (MS), tandem mass specirometry (MS-MS),
and/or MS® analysis. .
25
31.  The method of claim 30, further comprising the step of (e) utilizing
a search program to substaniially match the mass spectra obtained for
said modified pepiide during the characterization of step (d) with the mass
spectra for a peptide of one or more known protein(s), thereby identifying
30 the parent protein(s) of said modified peptide.



36. The nethod of any one of clains 30 to 34, wherein said

I robilized notif-specific, context-independent antibody of step (b)
conprises an antibody that specifically binds a single

phosphoryl ated ami no acid sel ected fromyRhe. 20 group consisting of
phosphot yr osi ne, phosphoserine, and phosphot hreonine. 37. The net hod
of any one of clains 1 to 29 or 35, wherein said inmobilized

post - t r ansl| atgoonalrHEDgkfHeRdf @éﬁnﬁﬁ?%lﬁér"eu@@éttit?ﬁggs %e&%@eﬁ@%omprtses
conprises an antibody that speC|f|caI l'y binds a single acetyl ated

anm no aci d omapg-assisied)lasepHespindon tmedf-dighhMALDGTOF) MS, wherein said
tandem mass spectrometry comprisas liguid chromatography (LC)}-MS/MS,

and wherein said MS® analysis comprises LC-MS°.

wh

33. The method of any one of claims 30 to 32, wherein step (a) further
comprises digesting said proteinaceous preparation to produce a complex

mixiure of peptides.

10  34. The method of claim 30 , wherein said mofif of step (b) comprisas all or
part of a kinase consensus substrate moiif or a protein-protein binding motif,

or censists of a single phosphorylated amino acid.

35. The method of any one of claims 1 to 28, wherein said modification
15 comprises acetylation, glycosylation, or methylation.

36. The method of any one of claims 30 to 34, wherein said immobilized

motif-specific, coniext-independent aniibody of step {b) comprises an antibody

that specifically binds a single phosphorylated amino acid selected from the
20  group consisting of phosphotyrosine, phosphoserine, and phosphothreonine.

37. The method of any one of claims 1 {o 29 or 35, wherein said

immobilized post-translational modification-specific antibody of step (b)

comprises an antibody that specifically binds a single acetylated amino acid or
25  asingle phosphorylated amino acid.



