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Protein Sample Preparation - Identification  
of Phosphate Modifications 

 
 
Guidelines for Identification of Phosphate 
Modifications 
 
 Proteins being investigated for 
phosphorylations should be analyzed as soon as 
possible after isolation and purification, to 
minimize possible loss of labile phosphate 
modifications. If the protein must be stored, -80C 
is recommended. 
 
 Selective purification of phosphopeptides can 
be performed at the MS Facility using IMAC 
(immobilized metal affinity chromatography) or 
TiO2 columns. Roughly 5 or more pmoles of 
protein is required for IMAC purification. 
 
 TiO2 is a new technique that is perhaps 10 to 
100 times more sensitive for selective purification 
of phosphopeptides, compared to IMAC. (The 
TiO2 purification technique will be available soon 
at the MS Facility). 
 
 Phosphopeptides and the exact site of 
modification can be identified from protein 
digests (i.e. in-gel or solution), nanoLC/MS/MS, 
and database searches (specifically for 
phosphate modification). 
 
 Phosphorylations can be identified from 
analysis of intact proteins. Although the site of 
modification will not characterized from an intact 
protein analysis, the relative extent and number 
of phosphorylations can be determined. 
 
 Phosphate buffers cannot be used in protein 
solutions where identification of phosphorylated 
peptides will be performed using IMAC 
purification. 
 

 EDTA, flag-tag peptide, and other acidic 
compounds, should not be used in protein 
solutions where identification of phosphorylated 
peptides will be performed using IMAC 
purification. Unbound flag tag peptide in solution 
must be removed before IMAC purification. 
 
 For identification of phosphorylations and 
other post-translational modifications, it is 
recommended that the protein be analyzed from 
solution (if the solution is suitable), since in 
principle, all peptides products from digestion of 
the protein will be injected during nanoLC/MS/MS 
analysis. 
 
 Protein digests with chymotrypsin may result 
in loss of phosphorylation (there may be 
evidence of some phosphatase activity in 
chymotrypsin). 
 
Enzyme Digestion of Protein Samples 
 
In-gel Protein Digest* 
 
1D gel bands or 2D gel spots are preferably 
excised and destained by personnel at the MS 
Facility. 
In-gel digests can be performed with trypsin or 
chymotrypsin enzymes only. 
 
The following gel stains are acceptable. 
However, coomassie, Colloidal Blue (Invitrogen) 
and other blue-type stains are preferred for 
protein ID from in-gel analysis. 
 
 Coomassie 
 Colloidal Blue 
 Silver (i.e. must be mass spec compatible, see 
special submission requirements described 
above). Sypro-ruby
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(See Sample Submission and Guidelines and 
Protocols for recommendations prior to 
preparing, running, and staining gels). 
 
 * We do not offer gel electrophoresis or gel 
staining services; the user must provide the gel 
or gel band/spot to the MS Facility. 
 
Protein Solution Digests 
 
Digests of proteins in solution can be performed 
with the following enzymes. However, trypsin and 
chymotrypsin are preferred and will be the most 
specific and informative in most cases. 
 
 Trypsin 
 Chymotrypsin 
 Thermolysin 
 Pepsin 
 For other proteases (e.g. Asp-N, Glu-C, O-
glycosylase, N-glycosylase) or other reagents, 
such as CNBr, please inquire. 
 
Identification of Protein Post-translational 
Modifications and Derivatives 
 
Identification and mapping of post-translational 
modifications can be difficult, particularly when 
the modification is at relatively very low levels. 
Often, several mass spectrometry experiments 
may be required and may involve different 
sample preparations and mass spectrometry 
strategies. 
 
For example, if the type and extent of 
modifications are unknown, a combination of 
analysis strategies are needed. When feasible, 
ESI/MS analysis of the intact protein can be 
highly informative in determining whether the 
protein has any modifications, what those 
modifications may be (such as phosphorylation), 
at what approximate levels, and whether the 
protein amino-acid sequence is different than 
anticipated, truncated, or degraded from protease 
activity. 
 
Analysis of protein digests is used to identify and 
map sites of modification. When searching for 
possible modifications, it is recommended 
analyzing the protein using two or more different 
enzyme-digest experiments, with subsequent 
nanoLC/MS/MS analyses and/or Maldi/MS/MS 
analyses, and multiple database searches for 
possible modifications. Accurate mass 

measurements with FTMS (LTQ-FT instrument), 
along with MS/MS sequence, provide a high-
degree of confidence in the assignment and 
identification of modified peptides. 
 
Phosphorylations can be targeted using IMAC 
(immobilized metal affinity chromatography) or 
TiO2 columns to selectively isolate and purify 
phosphopeptides from the digest. These 
procedures can sometimes greatly improve the 
ability to find phosphorylations. 
 
 
If a specific site or region of the protein is 
anticipated to be modified (such as 
phosphorylation), a custom method for the mass 
spectrometry analysis can be setup (i.e. create 
an inclusion list of ions) to specifically target one 
or more putative modified peptides of interest, 
thereby increasing the capability of the 
instrument to identify those peptides or modified 
peptides. 
 
Proteins with labile modifications (such as 
GlcNAc or phosphorylations) can be identified 
using ECD (electron-capture dissociation) 
fragmentation of peptides for MS/MS sequencing. 
The ECD technique (in the FTMS instrument) 
generally leaves labile modifications intact during 
fragmentation of peptides, such that the position 
of the modification can be clearly determined. 
Other lower-energy fragmentation methods, such 
as CID (collision-induced dissociation) or IRMPD 
(infrared multiphoton dissociation) can result in 
dissociation of labile modifications, but often the 
modification and site of modification can still be 
identified by virtue of mass-loss differences 
observed in the MS/MS sequence spectra. 
Modifications can potentially be located by “top-
down” analysis of intact proteins using ECD 
fragmentation of the intact protein in the FTMS. 
 
Database searches using MascotTM software 
and other search engines are used to process 
the MS/MS spectra of peptides to locate the sites 
of modifications. 
 
Many types of protein modifications can 
potentially be characterized, such as: 
 
 Phosphorylation 
 Sulfation 
 Oxidation 
 Acetylation 
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 Methylation 
 Ubiquitination 
 Sumoylation 
 GlcNAc and other glycosylations 
 Disulfide linkages 
 NEM and other derivatives 

 AEBSF modification from exposure to 
protease inhibitors 
 
For More information on related products, 
please www.aladdin-e.com
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