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Major challenges in phosphopeptide analysis 

pSer : pThr : pTyr = 1800 : 200 : 1 

Å 30% of all proteins in eukaryotic cells are phosphorylated 

Å is involved in biological processes including signaling, transductions, growth and 

cell differentiation etc. 

Å plays a major role in many human diseases 

 

Å low abundant proteins  
Å Phosphorylation can occur at multiple residues within a protein 
Å Dynamic regulation of phosphoproteins 
Å weak ionization in positive ionization mode 
Å ion suppression 
Å lability of the phosphoesterbond during fragmentation by CID 
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Å Antibody-based (a-pY) 

phosphoprotein/peptide enrichment relies on immuno-affinity. 

Highly specific antibodies exist for phosphotyrosine. 

 

Å Affinity-based (IMAC, MOAC) 

based on the affinity of the negatively-charged phosphate groups 

for positively-charged metal ions. 
 

IMAC: Fe3+, Ga3+ or other metal ions are chelated to nitrilotriacetic 

acid (NTA) or iminodiaceticacid (IDA) coated beads. 
 

MOAC: solid metal beads TiO2, ZrO2, Al(OH)3, SnO2 etc. 

Overview about different phosphopeptide 
enrichment strategies 
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Ą calcium phosphate precipitation and co-precipitation 
of phosphorylated peptides/proteins with calcium phosphate. 

w  Χ peptide residue 

Ca2+Χ calcium ions 

Idea! 

Co-precipitation of phosphorylated peptides by calcium ions 

X. Zhang, J. Ye, O. N. Jensen, P. Roepstorff. Highly efficient phosphopeptide enrichment by calcium phosphate 
precipitation combined with subsequent IMAC enrichment. Molecular&Cellular Proteomics 2007, 6, 2032. 

3Ca2+ +   2PO4
3-              Ca3(PO4)2 

   Ca2+ +   R  ς O ς PO3
2-                    R  ς O ς PO3Ca                   

 
(3m+n) Ca2+ + 2mPO4

3- + n  R  ς O ς PO3
2-           [Ca3(PO4)2]m ωώ  R  ς O ς PO3Ca]n  
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Highly Efficient Phosphopeptide Enrichment by Calcium Phosphate 
Precipitation Combined with Subsequent IMAC Enrichment 

X. Zhang, J. Ye, O. N. Jensen, P. Roepstorff. Highly efficient phosphopeptide enrichment by calcium phosphate 
precipitation combined with subsequent IMAC enrichment. Molecular&Cellular Proteomics 2007, 6, 2032. 
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Motif-Specific Sampling of Phosphoproteomes 

Ba2+/Acetone/pH Precipitation for Phosphopeptide Identification  
in HeLa Cells Nuclear Extract using MudPIT 

Ruse, C. I., McClatchy, D. B., Lu, B., Cociorva, D., Motoyama, A., Park, S. K., & Yates Iii, J. R. (2008). Motif-specific 
sampling of phosphoproteomes. Journal of proteome research, 7(5), 2140-2150. 



Li, X. et al. Geochimica et cosmochimica acta,1997.61(8):p.1625-1633 

Lanthanide Phoshates 

(Solubility Products) 

Precipitation of phosphorylated peptides/proteins  
by trivalent lanthanide Ions 
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Precipitation of phosphorylated molecules by lanthanide ions 
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Three major Workflows 

1. Precipitation of phosphoproteins (Top-Down) 

2. Precipitation of phophopeptides (Bottom-up) 

3. Trypsin-assisted digestion of precipitated phosphoproteins 

 



Güzel Y, Rainer M, Mirza MR, Bonn Gk, (2012) Highly efficient precipitation of phosphoproteins using 
trivalent Europium-,Terbium- and Erbium Ions. Anal Bioanal Chem 403 (5):1323ς1331 

Precipitation of phosphorylated proteins  - workflow 
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lysozyme (m/z ~14 kDa), ovomucoid (m/z ~ 28 kDa),   

ovoglobulins G2+G3 (m/z ~30-45 kDa), ovotransferrin (m/z ~80 kDa) ovalbumin (m/z ~45 kDa) 
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Precipitation of phosphoproteins from egg-white by  

trivalent europium-, terbium- and erbium- Ions 

MALDI-TOF mass spectra recorded after phosphoprotein precipitation from 1:4 diluted egg-white by trivalent 
europium-, terbium- and erbium-ions using sinapinic acid as matrix. Samples before precipitation (a), supernatant 
after precipitation (b), wash with 80 mM precipitating agent (c), wash with DHB solution (d), dissolved pellet (e). 
Signal intensities of all mass spectra were brought to the same level to allow direct comparison  
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Quantification of precipitated phosphoproteins 

Recovery Study 

Ḑ1.67×10ҍт mol TbCl3 per ˃ g h -casein 
Ḑ9.98×10ҍу mol ErCl3 per ˃ g h -casein 
Ḑ1.66×10ҍт mol EuCl3 per ˃ g h -casein 
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A Novel Strategy for Phosphopeptide Enrichment using  
Lanthanide Phosphate Precipitation ς A Bottom-Up Approach 
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Mirza MR, Rainer M, Güzel Y, Choudhary, IM, Bonn Gk, (2012) A Novel Strategy for Phosphopeptide 
Enrichment using Lanthanide Phosphate Precipitation. Anal Bioanal Chem (accepted) 



MALDI mass spectra taken from digested milk peptides after precipitation with trivalent lanthanide ions. A, 
phosphopeptide enriched by precipitation with Er3+. B, phosphopeptide enriched by precipitation using Ho3+. C, 
phosphopeptide enriched by precipitation using Ce3+. -hS1 and -̡S2 refers to first and second subunits of -hcasein 
respectively. -̡C refers to peptides form ̡ -casein 

Erbium 

Holmium 

Cerium 
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A Novel Strategy for Phosphopeptide Enrichment using  
Lanthanide Phosphate Precipitation ς A Bottom-Up Approach 



MALDI mass spectra taken from egg white peptides after precipitation with trivalent lanthanide ions. A, 
phosphopeptide enriched by precipitation with Er3+. B, phosphopeptide enriched by precipitation using Ho3+. C, 
phosphopeptide enriched by precipitation using Ce3+. Only phosphorylated peptides are labeled 
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A Novel Strategy for Phosphopeptide Enrichment using  
Lanthanide Phosphate Precipitation ς A Bottom-Up Approach 


