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Table 4. Identification of Phosphorylation Sites
MISSIoN RESULTS: PROTEIN IDENTIFICATION Pty

The mission of the Proteomics Research Group (PRG) is to assist ABRF members in evaluating their

capabilities to identify “unknown" proteins in order to establish realistic expectations for this technology. Table 1. Protein Identiication I e
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A fundamental aspect of proteomics is the analysis of post-translational modifications, of which T ime froafoon [impgssorese  [Guius  Asianan Siie

phosphorylation is an important class. P and of proteins in signal
transduction pathways, for example, is key to the regulation of many cellular processes. The mapping of
phosphorylation sites in proteins traditionally involved radioactive methods; modern mass spectrometric
techniques now make possible phosphorylation site determination at high sensitivity, avoiding the use of
radioactivity. ABRF laboratories are currently engaged in phosphorylation mapping projects using these
techniques. Itis not known, however, how many laboratories routinely take on such projects, which methods are

Table 5. Phosphopeptide and Phosphorylation Summary

most often applied, and how successful the laboratories and particular methods are. The Proteomics Research s
Group has undertaken a study to help answer these questions. 1

A sample described as one or more proteins and two synthetic phosphopeptides was distributed in the form P e ra e PRy -l
of a tryptic digest, with participating laboratories challenged to identify the component protein(s), identify the [FUSS— + . . B = u . ,
phosphorylated peptides, and determine the site of phosphorylation on each peptide. The phosphopeptides - [ - . 2 . . . . 2 2
were included at low relative to the protein since this is a common challenge s - . . . . . @ . .
in practice. It was anticipated that several strategies would be employed for the detection of phosphopeptides, — . . . . . . . . .

including subtractive analysis, enrichment by amnuy chromatography. diagnostic mass diferences, and

patterns in p decay or coll of - Phosphopeptide Identification:
sites of phosphorylation could involve MS/MS or Edman degradation. This study has the muowmg goals:
1) Provide a for to evaluate their in locating sites of + Lanalysis identified both phosphopeptides.

phosphorylation in non-radioactive samples; 2) Provide an introduction to phusphﬂry\auon site analysis for
laboratories that do not currently do such analyses; 3) Compare different strategies for phosphorylation site
mapping; and 4) Help establish realistic expectations for the analysis of phosphorylation sites

— + 7 analyses identified the P1 peptide, only.
+ Only 1 of these successful analyses was done using MALDI, possibly due to the presence in the digest of an
unrelated, nonphosphorylated PDI peptide of nearly identical mass.

s

+ 7 analyses identified the P2 peptide, only.

INTRODUCTION + 13 out of 65 analyses (20%) gave wrong phosphopeptide identifications.

Post-translational modifications play important roles in determining protein function. In particular, =
phosphorylation controls a wide range of metabolic processes including signal transduction, differentiation and
development, and metabolism. In order to understand the function of a protein of interest, it therefore is Locating the Site of Phosphorylation:
necessary to locate the sites of modification. Classically, locating sites of phosphorylation has been done by + 14 analyses (22%) attempted to identify the sites of phosphorylation.
radiolabeling the phosphopeptides with 32P-labeled inorganic phosphate, subjecting the labeled protein to an
enzymatic or chemical digestion, followed by isolation of the radio-tagged phosphopeptides using HPLC. The Protein Identification Summary: + Only 3labs identified both sites of phosphorylation correctly.
labeled peptides then are sequenced using either Edman chemical degradation or MS/MS analysis. However, it | of 54 different lab ad - 1 lab identified both of the original phosphopeptides and the expected sites of phosphorylation in P1 (S268) and
is not always feasible to radiolabel the phosphopeptides, and hence, Iol:aung sites must, in these cases, be + Atotal of 54 different laboratories (519) returned data. P2 (5266). This was done on a MALDI-QqTof instrument with off-line HPLC separation prior o MS analysis.
done on the cold sample. used to identify mples include + 12 laboratories ran multiple analyses, for a total of 67
phosphopeptide enrichment 12 , tagging of the phosphopeptides using an lsolﬂpe affinity tag 2, 3 neutral loss analyses. These res un‘;es amyman;ed with * in the above Table 2. Protein Identification Summary - 2 labs identified only the P1 but separate singly forms at 5268
experiments 4, precursor ion scanning >, and mass mapping 6. mbEV g P and $266. Presumably, in some cases, the P2 peptide was somehow converted to a P1' peptide during
he ABRF PRGO3 sample contained a prot e of - 5 pmols b disulid ©D) o e o5 shvmoiog _ Tasvir shipping or processing of the sample; for example,
e - sample contained a protein mixture of ~ 5 pmols bovine protein disulfide isomerase + 969 of the responses correctly identified PDI at the 5 pmol e e A MR 5
and ~ 200 fmols bovine serum albumin (BSA). In addition, 2 synthetic tryptic peptides, each containing 1 level. In the A,';RF_,,RGOZ smydy 96% of the pammpa':“s —— @ @ 1| ) » s w THILLFLPKpSVSDYEGK (P2) ? ? THILLFLPK + pSVSDYEGK (P1)
phosphorylated residue and corresponding to peptides found in PDI, were added at the 1 pmol level (peptide correctly identified PDI at the 2 pmol level. [votus @ R s 2 g + Atotal of 6 respondents identified the expected site (S268) in the P1 phosphopeptide.
amounts determined by amino acid analysis). hews P . s .
+ For the minor component BSA, at the 200 fmol level, only - . N . . . + Atotal of 7 different respondents identified the correct site (S266) in the P2 (or P1’) phosphopeptide.
10% of the responses correctly identified this protein + 10 out of 14 analyses (71%), correctly identified at least 1 of the 2 sites of phosphorylation,
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METHODS H b |l m— :
+ Excised individual protein bands of PDI and BSA from preparative SDS- H
polyacrylamide gel Phosphopeptide Enrichment Summary:
+ Reduced with 20 mM TCEP/ 25 mM ammonium bicarbonate (pH 8.0), 15 min at i - + 15 labs used some type of enrichment for the phosphopeptides. The immobilized metal ion
37°C % + affinity chromatography (IMAC) step was used in the majority of the enrichments.
« Alkylated with 40 mM 125 mM (pH 8.0), o PSS i : « Only 1 of these IMAC enabled of one of the
15 min at 37°C == present in the sample, and this was done after methyl ester derivatization. The off-line HPLC
. Digested with 0.02 ug/ul Trypsin (Promega modified), 18 hr at 37°C E B S F R : enrichment enabled both phosphopeptides to be identified.
« Mixed PD\ & BSA digests with the two synthetic phosphopeptides in a
10.2:1: 1 molar ratio, respectively o= Summary:
. A““”°‘:‘;’:‘";?;g'|’es to give final composition of: ; + 64/67 (96%) analyses correctly identified the major protein (PDI) present at the 5 pmol level. Only 7/67 (10%) identified the minor
0o ol BSA f protein (BSA) at the 200 fmol level.
- 1 pmol SVpSDYEGK (P1; S268)* £ + The sample contained 2 phosphopeptides present at a pmol level ~20% of the total protein content, mimicking the
- 1 pmol THILLFLPKpSVSDYEGK (P2; S266)* 2 amounts of protein often found in real-world samples.
+ Dried H : - 15/65 analyses correctly identified one or both of the original phosphopeptides; only 1 lab identified both of them. There also
+ Tested by PRG member laboratories + - were 13 analyses that gave wrong phosphopeptide identifications.
. Mailed out to 106 requesting laboratories — . ;: ;2;1‘: yllaal:;:‘haimem 10 (719%) correctly identified one or both sites of phosphorylation. A total of 3 labs identified both sites of
: : ‘ H - [ ‘ . + Only 3/67 (4%) analyses located the correct sites of phosphorylation on a sample that should have been relatively simple due to
Bath W““S’“g‘m"gmg‘ sepence, a‘“‘*ﬁ/egf‘““‘/;fp':“ in tryptic digests in their = — = - the amount of sample provided. These results clearly show that, despite progress made in instrumentation and techniques,
sequence, and Pep! See Table L for st of abbreviarons used locating sites of phosphorylation in cold samples still is a significant challenge.

the PDI sequence. Pept wherethe
gt K265.
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