Application Titanium Dioxide IMAC for Enrichment Phosphopeptides
Prior to Tandem Mass Spectrometry
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VERVIEW Protein phosphorylation plays a significant role in regulating cellular processes such as signal transduction, cell division, g} g9 3 &y )
i [} i b=
cell motility, apoptosis, metabolism, differentiation, gene regulation and carcinogenesis. Typically, there are 10-20% of 0 *?: ol i 3?\ 3
Phosphorylation of proteins on serine, threonine, and tyrosine  proteins which are phosphorylated. Due to the low level of phosphoproteins in the presence of overwhelming amounts of T % g &,
. . . . . . . . Py . . o . . . I oA |
residues is among the most important of the posttranslational non phosphorylatedproteins and proteins have a wide dynamic variation over time; identification (ID) phosphopeptides is I il gl é i FI g
modifications, playing a critical role in regulating many still a formidable task. In addition, phosphopeptides often have poor ionization efficiency in MS analysis. Thus, highly l 3 E Al 3 § %8 [
cellular processes. Despite progress made in instrumentation sensitive detection method plus phosphopeptide enrichment is extremely important for a successful phosphopeptide ID. | g S §‘ ‘ g g ? &
. . B - Currently, immobilized metal affinity chromatography (IMAC) is the method of choice for enriching phosphopeptides I | ‘ \ a, ) J B El
and techniques, locating site of phosphorylation in non- L . - : . - L Al m PR Y SR Y I S 1
X X o R i from complex biological samples. Typically, Nickel, iron and gallium based IMAC shows significant binding of non- T ZF;O T T 560 T 7%0 T T 10‘00 !
radioactive samples is still a formidable challenge. According phosphorylated peptides which have multiple acidic residues. Forest White, et al. used a kind of chemistry to put methyl
to a recent survey from ABRF (Association of Biomolecular esters onto those acidic groups (D and E) to solve the problem of non-specific binding to the IMAC beads. However, this T TR | e
and Resource Facilities), only 3/67 (4%) facilities all over the  approach brings in a lot of side reaction to that chemistry and issues of how complete the modifications are. Recently, Variable nodifications:
. . i i f il itani ioxi irconi ioxi §3 : Thospho (ST7), with 1 Losses 97.98(sh able], 0.00
world could locate the correct sites of phosphopeptide at the several Papers anq posters have b_een publls_hed fjemonstratmg the .umqu? ability of mamum d|o><|_de a_nd zu_comum dioxide Tons Scmfﬁ °mm: ;’T:E_‘U‘;‘;m 0sses Bt Apa ity
level of 1 pmol. This application describes how we used TiO2 to selectively retain phosphopeptides contained in complex biological mixtures (1, 2). In this application, TiO2 based Matches (Bold Red): 26/L3 fraguent ioms using 37 wost incense pesks
. . . L. IMAC method was successfully developed to enrich phosphopeptides and adapted to a complex biological sample,
based immobilized metal ion affinity chromatography (IMAC) . . - . . )

i ; X o Saccharomyces. Trapping phosphopeptides are demonstrated via the analysis protein CaO19_4593 (gi|68466366), a R R T R T P I o T P R B
to enrich phosphopeptides prior to LC-MS/MS characterization  grpase-activator protein for Rho-like GTPases which contains lots of kinase binding domains L ds0s 110 565 X )
of a phosphorylation site. 2276.17{133.50) 250.14{130.08 F736.48|460.74 91046 |460.23 | 918.47 d59.74|8

EXP ER | M EN 3/345.00|175.10|328.17 16459 327,18 {16409 § |789.41| 39521 | Y7239 386.70|771.40 38621 |7
Matched peptides showm in Bold Red 449226 {246.63 473,23 | 298 12|474.25 | 23763 F[720.39|360.70 703,37 | 3529 | 10238 |33L.69 |8
1 HPELVPPTHN FPHIEETFEL S30PSLDSNR QPRELCKKCH QLIVEGHAYE The protein gel pieces were washed, reduced, alkylated and followed by in-gel tryptic digestion overnight. 5(591.33[296.07|574.30 28765 STR.12 | RT.I6| ¥ 573.32{287.07|556.30 278,65 55531 27816 |5
51 LGDDRWHINC FNCSKCNTSL GCHSHFLVLG NGHLICSHCS YHCKQCGREL Thet pe}t",'lde 'Ir“r:xwt:e Wﬁs ext;:dgted, SpeEd'\(aﬁ f;gOV\ﬁ% gdeIS;lemegl ina ZIO ul %: 5“b/o fordmlc ﬁd +10% 12037 360,69 0334 35218 10236 | 35168 | . |474.6 2376345723 (209 1245625 0863 4
acetonitrile. The phosphopeptides were enriche i opTi en, Inc). The bound peptides were
101 DDLATLTGD RYCSHCFRCE SCEWEIEDLR YARTSKGLEC MDCHQRLMAK : > Phospropep 4 PTip (Glyg ). T pep 7(82142 41121 504 (AT 90 4140030 | T 346,21 1700 IR0 16460 2020 16410 3
151 KIEYDAKERH LALLQEKRV] LEREFDOREL QILEDHERSY NSSEHSLIQS eluted with 0.5% NH3OH. Both flow-through and eluant were analyzed by Micromass Q-TOF2 LC-
201 YMHHOHHOSG ESLLYQQHHR SVTSVWTSSKN KSLPLPPTST SPARPTPYSR MS/MS. MASCOT 2.1 from Matrix Science (London, UK) was used to search all of the tandem mass 891347 |459.74|901.45 451,23 900 48 | 45073 | P 2441712239 2271411407 H
251 HSYQSKESIS GFHKTIDTSLG SLSTSQTFSE HTHEGGSTMH SSTGLHHPPIL spectra against the target protein with a MS and MS/MS mass tolerance of 1.0 Da and 0.5 Da respectively. 9 K [4n1) 706|100 6555 1
301 FQSDHDFSIE EVONSSDSDS NGDEKKSNST SLRNKSSHRH SRVSPFVHQY PKL files were created using the software Masslynx 3.5 from Waters, which has a processing macro that
351 STPPLSSDHL HIDEISADTG ERTVYLDVID TPPESQADFL AGHQLKPALD smoothes, centroids, and assesses the quality of data. The parameters used for the searches were as follows: i i i i
401 VSPGRHTEQK SKSFLILSPN QFHDHEFHNT RSPMIDSPGT ITSSHSHOHT trypsin-specificity restriction with 2 missing cleavage site and variable modifications including oxidation Fig 2. Peptide view for the CID fragmentation of KFSPFVETPK .
451 KAVHLSVEDR PRSACPSPFA KVNRUARVVE THDEISTDGV DEDLAIGTPR  (\]) - deamidation (NQ), alkylation (C), and phosphorylation (STY) with neutral losses of phosphoric acid. Beautiful spectrum; long run of y ion series; Loss of H3PO4 from y3
501 QFHSRAGTLK SVSSPPPKVP LPSTPSRGED ISKEFSFVET PKGLGLEGVD PR .
551 YDNHEDQRSY TK30QDORQH DISEKTSPSS TMSTPKIVG HFSPAVTHLE fragment after B —elimination was evidently observed.
601 PKNSDLSNDY QHFHSQENAN VERTASLTHN LEHFRSTSGN QHELARLETT Identified phosphopeptides after TiO2
651 GSKEDHRIGH TROTSDGSLF SSIAHAYISP PITHGALGGR NHIRSTSDST .
701 VLLSDEDHHY SHVAVEHDIE QLHSSKVLLE EDVEKLEDER HKLNE(LKME enrichment
751 QSKISSESIR YDHLVAEISE LOIQKTKITH FHKDLIEQOK NROQASGATGK
801 LSTSSSHDSD PDASTLGKSY NTHLSPYKSS SDSTSVVSRE NFEYSDHLSP . CONCLUSIONS
851 DRHOGOFQQH 00Y¥000¥000 OPQUOLIEDE QRHEATRLEF WRRPRVGTTQ NS*LIQSYMNNQNNQS*GES*LLYQQNNR (Total 2 sites S6 also
901 VISSHEYHHN GHGHHHGART PHSFSTOALR IPAHHSGSSF HHNGAHHNHO gES;II_lI)DIIe?)TSTS*PARPTPVSANSYQSK (108l ile)
951 QHRFSKSKSS HVLDSLLSGD SSQVPLFHST LOORAEYEKS QVPTITTRCL also possible « Phosphorylated peptides were selectively adsorbed to the TiO2 beads
1001 AEVEKRGLDF EGTYRISGGH SATVSTENAF SSLSHDPDEK QLHRVDETLD VS*PFVNQYST*PPLSSDHLNTDEISADTGER (S9 also possible) X phory pep . Y o )
1051 VDIHAVTSAL KRYLEKLPDP VIPFDLYDDF TKVSTKASHS FEVETAELQK T*VYLDVIDTPPESQADPLAGNQLKPALDVS*PGR (T9 also *Enrichment of the phosphopeptides from proteolytic digests in the presence of
1101 IVNKLPPANR ETLRLIVHHL HLVHSLEDIN FNGYHHLSVV FRAPTLAKDES possible) high abundant non-phosphorylated peptides was achieved
1151 GVKEMIDHGF RHDTTELLLT ESHRIF SFLILS*PNQFHDNEFHNTR

«Significant increase in phosphopeptide identification was achieved using

PMIDS*PGT*IISSNSNQNTK
S S*PGT*IISSNSNQ| TiO2 beads for selective concentration and separation.

. Purificati P d S*ACPS*PFAK
PhesphoP eptide Purification Procedure VVET*NDEISTDGVDEDLAIGT*PR (L site)
@. AGT*LKSVS*S*PPPK References
% SVSS*PPPKVPLPST*PSR
VPLPST*PSR (S5 also possible) . X
1 KFS*FVET*PK *Kweon, H.K; Hakansson, K; Analytical Chemistry, 78, 1743-1749 (2006)
Digest
GLGLEGVDYDNHEDQRS*YIK «Rinalducci, Sara; Larsen, Martin R.; Mohammed, Shabaz; Zolla, Lello; Journal of Proteome Research,
QHDIS*EKTSPSSIMSTPK 5(4), 973-982 (2006).
TS*PSSIMSTPK
Bind RVVGNFS*PAVTNLEPK
QT*S*DGS*LFSSIANAYIS*PPITNGALGGR (3 sites) KNOWLEDGEMEN
LSTSS*S*NDS*DPDASTLGK
SVNTHLS*PYK
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"""’.:‘.‘_’”“:’y - IPNS*FSTQALR spectrometer used in this work was funded by the National Institutes of Health under Grant 1510
o RRO1782-01A1
@-@L @Gﬁéﬂ_ * Phosphorylation site

&S

peptides

ad

%

peptides



