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Major challenges iphosphopeptideanalysis

A 30%o0f all proteinsin eukaryoticcellsare phosphorylated
A isinvolved inbiologicalprocesses includingignaling transductions, growth and
celldifferentiation etc.

A plays a major role in many human diseases 9
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A low abundantproteins

A Phosphorylation can occur at multiple residues within a protein
A Dynamicregulationof phosphoproteins

A weak ionization in positive ionizationode

A ion suppression

A lability of the phosphoesterbondaluring fragmentationby CID




Overview about differenphosphopeptide
enrichment strategies "

A Antibody-based(a-pY)

phosphoproteinpeptide enrichmentrelieson immunao-affinity. / -
Highlyspecificantibodiesexistfor phosphotyrosine
0

A Affinity-based(IMAC,MOAC) HN//{O
basedon the affinity of the negativelychargedphosphategroups ; O\,:Faéaf\:;OHz
for positivelychargedmetalions © (:)_g: o

[
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IMAC Fe*, G&* or other metalionsare chelatedto nitrilotriacetic
acid(NTA)or iminodiaceticaciqlDA)coatedbeads O OR

O O
MOAC solidmetal beadsTiO,, ZrQ,, Al(OH), SnQetc. | ]
TiO, TiO,




Coprecipitationof phosphorylatedoeptidesby calciumions

- Idea!

A calciumphosphateprecipitation andco-precipitation
of phosphorylated peptides/proteingith calcium phosphate
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@ peptideresidue

Ca&*X calciumions

X. Zhang, J. Ye, O. N. JenseRoépstorff Highlyefficientphosphopeptidenrichment by calcium phosphate
precipitation combinedavith subsequent IMA€nrichmentMolecular&CellulaProteomic2007, 6, 2032. 4



Highly EfficienPhosphopeptide=nrichment by Calcium Phosphate
Precipitation Combined with Subsequent IMAC Enrichment

1:50 dilution
No. of a,B- 1:1
Peptide sequence? phosphoryl [M + H]* Casein dilution ) CPP- CPP‘
groups CPP CPP CPP IMAC TiO, IMAC desalting-
IMAC
EQLpSTpSEENSK, 2 1411.50 - - - - — — +
a-S2, 141-151
TVDMEPSTEVFTK, 1 1466.61 + + + + + - +
a-S2, 153-164
TVDMoEpSTEVFTK, 1 1482.61
a-S2, 153-164°
VPQLEIVPNpSAEER, 1 1660.79 + + + + + - +
a-51, 121-134
DIGpSEpSTEDQAMEDIK, 2 1927.69 + + + + + + +
a-51, 58-73
DIGpSEpSTEDQAMOEDIK, 2 1943.69
a-S1, 58-73°
FQpSEEQQQTEDELQDK, 1 2061.83 + + + + + + +
B-C, 33-48
NVPGEIVEpSLpSpSpSEESITR, 4 2352.85 + + - + + + +
B-C, 7-25
NTMEHVpSpSpSEEpPSIISQETYK, 4 2619.04 + + - + + + +
a-S2, 17-36
VNELpSKDIGpSEpSTEDQAMEDIK 3 2678.01 - - - - - - +
a-S1, 52-73
Q*MEAEpPSIpSpSpSEEIVPNPSVEAQK, 5 2703.89 + + - + + + +
a-81, 74-94°
QMEAEpPSIpSpSpSEEIVPNRSVEAQK, 5 2720.91 + + - + + + +
a-S1, 74-94
NTMEHVpSpSpSEEpPSIISQETYKQ, 4 274710 — - - + + + +
a-52, 17-37
ELEELNVPGEIVEpSLpSpSpSEESITR, 4 2966.16 + + - + + + +
B-C, 17-40
NANEEEYSIGpSpSpSEESAEVATEEVK, 4 3008.01 + + - + + + +
a-S2, 61-85
RELEELNVPGEIVEpSLpSpSpSEESITR, 4 3122.27 + + - + + + +
B-C, 16-40

@ The peptides sequences are cited from Larsen. et al.(18) with minor modification.
® Mo, oxidation on methionine.
° Q*, pyroglutamylation on the N-terminal Gin.

X. Zhang, J. Ye, O. N. JenseRoépstorff Highlyefficientphosphopeptidenrichment by calcium phosphate
precipitation combinedavith subsequent IMA€nrichmentMolecular&CellulaProteomic2007, 6, 2032. 5



Motif-SpecificSampling oPhosphoproteomes

Ba2*/ Acetone/pH Precipitation foPhosphopeptidédentification
iIn HeLaCellsNuclear ExtractisingMudPIT

Table 1. ldentified Phosphopeptides from 1 mg of HelLa Cells
Nuclear Extract for [Ba*"] Sampling Conditions

[Ba*"] (umol) pH 3.5 pH 4.6 pH 8.0 total”
7.5 1644 801 153 2723
6 872 821 177 1868
1 1217 416 295 2215

“ 1t includes MS3 identified phosphopeptides.

Ruse, C. IMcClatchyD. B.Lu B.,CociorvaD.,Motoyama, A., Park, S. K., & YatesJ. R. (2008Motif-specific
samplingof phosphoproteomeslournabf proteomeresearch 7(5), 214e2150.
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Precipitationof phosphorylatedoeptided proteins
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Precipitationof phosphorylatednoleculesby lanthanideions

Threemajor Workflows
1. Precipitationof phosphoproteingdTopDown)
2. Precipitationof phophopeptidegBottom-up)

3. Trypsinassisteddigestion of precipitateghhosphoproteins
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Precipitationof phosphorylatedoroteins - workflow

KHQ?U f- Ln3*-Chloride

denatured protein solution
adjust pH <3
precipitation 10 min

wash pellet
discard supernatant
separate pellet

Pr—

dissolve pellet

in 30% formic acid —> MALDIMS analysis

GuzelY, Rainer MMirza MR, BonrGk (2012 Highly efficient precipitation of phosphoproteins using
trivalent EuropiumTerbium and Erbium lons. An8lioanalChenm403 (5):13281331



signal intensity [a.u.]

Precipitation ofphosphoproteindrom eggwhite by
trivalent europium, terbium- anderbium- lons
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MALDITOFmassspectrarecorded after phosphoproteinprecipitation from 1:4 diluted eggwhite by trivalent
europium, terbium- and erbiuntions usingsinapinicacid as matrix. Samplesefore precipitation (a), supernatant
after precipitation (b), washwith 80 mM precipitatingagent(c), washwith DHBsolution (d), dissolvedpellet (e).
Signaintensitiesof all massspectrawere broughtto the samelevelto allowdirect comparison

lysozymgm/z ~14kDg, ovomucoid(m/z ~ 28kD3g),
ovoglobulingG2+G3m/z ~3045 kDg), ovotransferrin(m/z ~80kDg

phosphoprotein

ovalbumin (m/z ~4%Dg
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Recovery [%]
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Quantification of precipitated phosphoproteins
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A Novel Strategy fdPhosphopeptidd&=nrichment using
LanthanidePhosphatePrecipitationc A BottomUp Approach

KHzﬁ r ' Ln3*-Chloride

digested proteins
adjust pHto 3
precipitation 10 min

wash pellet
discard supernatant
separate pellet

dissolve pellet
in 2% HCI

MirzaMR,Rainer MGizely,ChoudharylM, BonnGk, 2012 A Novel Strategy fd?hosphopeptide
Enrichment using Lanthanide Phosphate PrecipitafioalBioanalChem(accepted) 12



A Novel Strategy fdPhosphopeptidd&=nrichment using
LanthanidePhosphatePrecipitation¢ A BottomUp Approach

10 -
A I Q
(=N
z ! SF
c / @
Q 5 ~ o™ o
£ 2 9
: =] o o O
. T A
Erbium &
o - - o o S~
e ¢ 7 2 ‘3“%‘3 % €9
\ | | |
0 ’ i ‘ i \ L ' 1 ||l
0| B ]
8 %)
& N &
z . -
z N
g | o -
) 5 o
Holmium E | . 2 2
1] o~
& 3 33 9 2 292
‘» o B o 5 — = o |
3 ) | SiE 23y
0 JI.‘ | i h I.l J l n ! ! f. ! l.
104 C
(@]
- &
[77]
Z 2 -
E \ - o~
. - w
Cerium g 2 8% 3% .
= 5% @ d o
& | o A e
& o - 0
“ wéi °3 \ i ‘i "’t., ;5%7:. (
l =]
l I L i[ | A l \ l ‘ ! ll

o

T T T T T T T T T T T T T T
1600 1800 2000 2200 2400 2600 2800 3000 m/z

MALDI mass spectra taken from digested milk peptides after precipitation with trivalent lanthanide ions A,
phosphopeptideenriched by precipitation with EPf*. B, phosphopeptideenriched by precipitation using Ho**. C,
phosphopeptideenriched by precipitation using Ce*. -Gl andi -2 refers to first and secondsubunitsof h-casein
respectivelyl -Crefersto peptidesformi -casein 13



A Novel Strategy fdPhosphopeptidd&=nrichment using
LanthanidePhosphatePrecipitation¢ A BottomUp Approach

101

9

A

2088

Erbium

signal intensity

- 2008.9
2511.1
2901.3

- 38437

=
=]
=

2901.3
o)

Holmium

signal intensity
2088.9

— 2008.9
— 25111
— 38437

.
b3

2088.9
2901.3
O

Cerium

signal intensity

r—2008.9
—2511.1
— 3843.7

0= 7 ‘ . . . ‘ .
1500 2000 2500 3000 3500 4000 m/z

MALDI mass spectra taken from egg white peptides after precipitation with trivalent lanthanide ions. A,
phosphopeptideenriched by precipitation with EP*. B, phosphopeptideenriched by precipitation using Ho**. C,
phosphopeptideenrichedby precipitationusingCe*. Onlyphosphorylatedpeptidesare labeled



