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Background 
Protein phosphorylation plays a significant role in regulating cellular processes such as signal 
transduction, cell division, cell motility, apoptosis, metabolism, differentiation, gene regulation and 
carcinogenesis.  Typically, there are 10-20% of proteins which are phosphorylated.  Due to the low 
level of phosphoproteins in the presence of overwhelming amounts of non phosphorylatedproteins and 
proteins have a wide dynamic variation over time; identification (ID) phosphopeptides is still a 
formidable task. In addition, phosphopeptides often have poor ionization efficiency in MS analysis. 
Thus, highly sensitive detection method plus phosphopeptide enrichment is extremely important for a 
successful phosphopeptide ID. Currently, immobilized metal affinity chromatography (IMAC) is the 
method of choice for enriching phosphopeptides from complex biological samples. Typically, Nickel, 
iron and gallium based IMAC shows significant binding of non-phosphorylated peptides which have 
multiple acidic residues. Forest White, et al. used a kind of chemistry to put methyl esters onto those 
acidic groups (D and E) to solve the problem of non-specific binding to the IMAC beads. However, 
this approach brings in a lot of side reaction to that chemistry and issues of how complete the 
modifications are. Recently, several papers and posters have been published demonstrating the unique 
ability of titanium dioxide and zirconium dioxide to selectively retain phosphopeptides contained in 
complex biological mixtures (1, 2). In this application, TiO2 based IMAC method was successfully 
developed to enrich phosphopeptides and adapted to a complex biological sample, Saccharomyces.  
Trapping phosphopeptides are demonstrated via the analysis protein CaO19_4593 (gi|68466366), a 
GTPase-activator protein for Rho-like GTPases which contains lots of kinase binding domains. 
 
Methods & Materials 
The protein gel pieces were washed, reduced, alkylated and followed by in-gel tryptic digestion 
overnight. The peptide mixture was extracted, speed-vac followed by dissolving in a 20 µl of 5% 
formic acid +10% acetonitrile. The phosphopeptides were enriched by TiO2 TopTip (Glygen, Inc). 
The bound peptides were eluted with 0.5% NH3OH. Both flow-through and eluant were analyzed by 
Micromass Q-TOF2 LC-MS/MS. MASCOT 2.1 from Matrix Science (London, UK) was used to 
search all of the tandem mass spectra against the target protein with a MS and MS/MS mass tolerance 
of 1.2 Da and 0.6 Da respectively.  PKL files were created using the software Masslynx 3.5 from 
Waters, which has a processing macro that smoothes, centroids, and assesses the quality of data. The 
parameters used for the searches were as follows: trypsin-specificity restriction with 2 missing 
cleavage site and variable modifications including oxidation (M),  deamidation (NQ), alkylation (C), 
and phosphorylation (STY) with neutral losses of phosphoric acid. 
 
Results  
Fig 1 shows the Mascot analysis results for both flow through and eluant after the TiO2 IMAC capture. 
After TiO2 IMAC capture, most of the non-phosphorylated peptides were presented in the flow 
through and  phosphopeptides were shown in the 0.5% NH3OH eluant. In this project, almost 38 
phosphopeptides were successfully identified. Fig 2 shows an example of MS/MS spectrum for 
phosphopeptide KFSPFVETPK 

  



   
   
  
 

 

 
Fig 1.  Mascot mapping results. TiO2 IMAC capture flow through (top panel) and 0.5% NH3OH 
eluant (bottom panel).  

 

 



   
   
  

 
Fig 2. Peptide view for the CID fragmentation of KFSPFVETPK . Beautiful spectrum; long run of y 
ion series; Loss of H3PO4 from y3 fragment after β –elimination was evidently observed.  

 

Conclusion 
1. Phosphorylated peptides were selectively adsorbed to the TiO2 beads 

2. Enrichment of the phosphopeptides from proteolytic digests in the presence of high abundant 
non-phosphorylated peptides was achieved. 

3. Significant increase in phosphopeptide identification was achieved using TiO2 beads for 
selective concentration and separation. 
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