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MISSION

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. 

ABSTRACT

A fundamental aspect of proteomics is the analysis of post-translational modifications, of which 
phosphorylation is an important class.  Site-specific phosphorylation and dephosphorylation 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.  It is not known, however, how many laboratories routinely take on such projects, which methods are 
most often applied, and how successful the laboratories and particular methods are.  The Proteomics Research 
Group has undertaken a study to help answer these questions.

A sample described as one or more proteins and two synthetic phosphopeptides was distributed in the form 
of a tryptic digest, with participating laboratories challenged to identify the component protein(s), identify the 
phosphorylated peptides, and determine the site of phosphorylation on each peptide.  The phosphopeptides 
were included at low stoichiometries relative to the unphosphorylated protein since this is a common challenge 
in practice.  It was anticipated that several strategies would be employed for the detection of phosphopeptides, 
including subtractive analysis, enrichment by affinity chromatography, diagnostic mass differences, and 
characteristic fragmentation patterns in post-source decay or collision-induced dissociation.  Determination of 
sites of phosphorylation could involve MS/MS or Edman degradation.  This study has the following goals:  
1) Provide a mechanism for participating laboratories to evaluate their capabilities in locating sites of 
phosphorylation in non-radioactive samples; 2) Provide an introduction to phosphorylation 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.

INTRODUCTION

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 
necessary to locate the sites of modification.  Classically, locating sites of phosphorylation has been done by 
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 
labeled peptides then are sequenced using either Edman chemical degradation or MS/MS analysis.  However, it 
is not always feasible to radiolabel the phosphopeptides, and hence, locating sites must, in these cases, be 
done on the cold sample.  Approaches used to identify phosphopeptides in non-radiolabeled samples include 
phosphopeptide enrichment 1,2, tagging of the phosphopeptides using an isotope affinity tag 3, neutral loss 
experiments 4, precursor ion scanning 5 , and mass mapping 6.

The ABRF-PRG03 sample contained a protein mixture of ~ 5 pmols bovine protein disulfide isomerase (PDI) 
and ~ 200 fmols bovine serum albumin (BSA).  In addition, 2 synthetic tryptic peptides, each containing 1 
phosphorylated residue and corresponding to peptides found in PDI, were added at the 1 pmol level (peptide 
amounts determined by amino acid analysis).

METHODS

• Excised individual protein bands of PDI and BSA from preparative SDS-
polyacrylamide gel

• Reduced with 20 mM TCEP/ 25 mM ammonium bicarbonate (pH 8.0), 15 min at 
37oC

• Alkylated with 40 mM iodoacetamide / 25 mM ammonium bicarbonate (pH 8.0), 
15 min at 37oC

• Digested with 0.02 µg/µl Trypsin (Promega modified), 18 hr at 37oC

• Mixed PDI & BSA digests with the two synthetic phosphopeptides in a 
5 : 0.2 : 1 : 1 molar ratio, respectively

• Aliquoted into tubes to give final composition of:
- 5 pmol PDI
- 200 fmol BSA
– 1 pmol SVpSDYEGK (P1; S268)*
– 1 pmol THILLFLPKpSVSDYEGK (P2; S266)*

• Dried

• Tested by PRG member laboratories

• Mailed out to 106 requesting laboratories

* Both peptides are derived from the PDI sequence, and they normally are present in tryptic digests in their 
nonphosphorylated forms.  Peptide P1 contains S268 of the PDI sequence, and Peptide P2 contains S266 of 
the PDI sequence.  Peptide P2 was designed to mimic an incompletely digested tryptic peptide, where the 
phosphorylated S266 might interfere with trypsin digestion at K265.

           Enrichment
Operator Search S = successful     x = unsuccessful # of

Solvent Used Experience Positive Negative Parent with Incorrect
Lab Number to Dissolve % Analyzed Manufacturer, Model Age (yrs) (yrs) Ion Mode Ion Mode Linear Reflectron  Ion Other Search Program Modification IMAC Other SVpSDYEGK THILLFLPKpSVSDYEGK Peptides

MALDI-MS
65212 1% Formic 10 ABI-QSTAR 4 2 + + + MALDI-QqTof MS/MS PFD, SON + Off-line HPLC + +
09660 1% Formic 3 BRU-Autoflex 1.5 5 + + PFD, GPM + +
51385 1.33% Formic 50 ABI-Voyager-DE-STR 4 3 + + + + + PFD, MSF - +
40686* 2% Formic 20 MIC-TofSpec-2E 3 3 GLS, MAS, GPM - +
46436* 2% Formic 10 MIC 1 1 + + + PFD + + 3
01236 10% Formic 10 BRU-Reflex-III 1.5 1.5 PSD MAS
03020* N/A 5 ABI 4700 TOF-TOF 0.5 5+ + + + + Tof-Tof MS/MS PPR x
10232* 10% Formic 5 ABI-VoyagerDE-STR-Elite 4 12 PSD MAS
13713 50% ACN, 0.1% TFA 10 ABI 4700 TOF-TOF <1 7 Tof-Tof MS/MS MAS
17851 25mM acetic acid 30 KRA-Axima-CFR 1 0.5 + + PSD MAS, PFD, PPR - x

19351** 2% Formic 5 BRU-Biflex 9 N/A PRO, MAS
22222 50% ACN, 0.5% TFA 40 ABI 4700 TOF-TOF 1 4 + + Tof-Tof MS/MS
24680* 2% Formic 5 ABI-Voyager-DE-STR 8 8 + + + + -
31389 10% ACN, 0.1M Acetic 10 MIC-TofSpec-2E 6 2 + + x
31517 2% Formic 100 ABI-Voyager-DE 3 3
51565* 0.1% TFA 10 BRU-Ultraflex 1 2 X-Lift MS/MS (TOF-TOF) MAS
55555 0.1% TFA 20 ABI-Voyager-DE-STR 2 1
65123* 1% Formic 5 KRA-Axima-CFR 2 8 + + + PPR - x
70091* 1% Formic 10/30 ABI-Voyager-DE-PRO 3 10/1 + +
101283 2% Formic 10 ABI-Voyager-DE-PRO 4 2.5 + + EFM + x 2
 36181 Water 98 ABI-Voyager-DE-STR 1 1 + + x 2
14057 0.1% TFA 10 ABI-Voyager-DE-STR 2.5 2.5 + + + x 1

16111976 2% Formic 5 ABI-Voyager-DE-PRO 4 1 + + MSD, NPH + 1
31930 0.1% TFA 6 BRU-Biflex-III 4 1 + + GPM + 1
47053 0.1% TFA 100 ABI-Voyager-DE 2 2 + + MSF + 4

Flow rate Neutral Precursor Ion

LCMS Manufacturer, Model Age (yrs) (ul/min) Column Size (I.D. x length) MS/MS  Loss  (Mass)
22091 1% Formic 50 MIC-QTOF-2 2 4 MTC-UltraPlus II 1.5 0.2 NOB-Proteoprep 75 um x 10 cm + MAS + x +
55120 5% ACN, 1.7% Formic 4 FIN-LCQ-CLASSIC 4 17 AGI-1100 2 4 SLF-Alltech Macrosphere 300 um x 15 cm + + MAS + +

72972 10% Formic 20 MIC-ULTIMA-API 1 0.5 WAT-capLC 1 0.2 MCH-Magic 18 75 um x 20 cm + (503.73) MAS + S Methyl esterification of acidic and C-terminal residues +
11748 25 M ammonium bicarbonate, pH 8 6 FIN-LCQ-DECA-XP 1 <1 DIO-Ultimate 1 0.28 SLF-PHE-C18 10um + + +
78965 1% Formic 2 FIN-LCQ-DECA 3 3 JAS-mod DIO 3 0.2 NOB-Proteoprep 75 um x 10 cm + + +
98166 0.05 % Formic 70 FIN-LCQ-CLASSIC 3 5 DIO-Ultimate 3 0.15 SLF-ESI tip 75 um x 5 cm + MAS + +
75391 5% Formic 15 ABI-QSTAR 1.5 2 DIO-Ultimate <1 0.1 DIO-C18 75 um x15 cm + MAS + +
73490 0.1% Formic 25 MIC-ULTIMA 1 5 WAT-capLC 0.3 DIO-C18 75 um + + (216) MAS + +
24680* 2% Formic 20 FIN-LCQ-DECA 1 1 FIN-Surveyor 1 0.15 SLF-Magic C18 75 um x 9 cm + + (49) SEQ + x +
36838 Water 100 MIC-ULTIMA-API <1 4 ISC-custom 0.2 SLF-C18 75um x 1m + in-house + 1
03020* N/A 5 FIN-LCQ-DECA 0.5 2 AGI 0.5 SLF-Jupiter C18 10 cm + SEQ + x
10232* 10% Formic 50 ABI-TRIPLEQUAD-365 3 10 home-made 2 0.2 SLF-C18 0.1 x 60 mm + Peptide seq tag
10502 3% ACN, 0.1% Formic 10 FIN-LCQ-CLASSIC 5 12 MCH-Magic 2002 1 0.15 NOB-C18 75 um x 10 cm + SEQ +

19351** 2% Formic 10 MIC-QTOF-2 2.5 WAT-capLC 1.5 1 DIO-C18 + MAS
20016 3% ACN, 0.1% TFA, 0.1% Formic 30 FIN-LCQ-DECA-XP 0.5 2 DIO-Ultimate 2 0.25 DIO-C18 75 um x 15 cm + + SEQ +
25262 1% Formic 10 FIN-LCQ-DECA 2 1 FIN-Surveyor 2 0.7 NOB-C18 75 um x15 cm +
31778 2% Formic 10 FIN-LCQ-DECA 2 1 ABI 140D 5 0.2 SLF-C18 50 um +
40686* 2% Formic 50 FIN-LCQ-DECA-XP 1 1 FLU-Rheos-2000 1 0.3 SPE 100 um + + SEQ, MAS +
41001 2% Formic 5 FIN-LCQ-CLASSIC 10 2 MCH 10 0.6 MCH-C18 0.1 x 50 mm +
46436* 2% Formic 90 MIC-QTOF 1 0.5 WAT-capLC 1 0.3 NOB-C18 75 um + MAS +
48583 2% Formic 50 FIN-LCQ-DECA 2 1 FIN-Surveyor 2 0.2 NOB-Biobasic 75 um x 10 cm + + SEQ + x
49406 5% ACN, 0.1% Formic 12.5 FIN-LCQ-DECA 3 3 ABI 140D 5 4 VYD-C18 300 um x 10 cm + SEQ
51565* 0.1% TFA 10 FIN-LCQ-DECA-XP 4 5 DIO-Ultimate 1 0.15 DIO-C18 75 um + SEQ
51943* 1% Formic 60 MIC-QTOF 5 WAT-capLC 1 0.2 DIO-PepMap 75 um x 15 cm + MAS
60020 0.2% Formic 20 MIC-ULTIMA-GLOBAL 0.5 0.5 WAT-capLC 0.5 0.25 DIO-C18 75 um x15 cm +
60213 2% ACN, 0.1% Formic 50 FIN-LCQ-DECA-XP 1 1 DIO-Ultimate 1 1 HIG-C18 0.15 x 100 mm + + MAS + x
65123* 1% Formic 85 FIN-LCQ-DECA 3 3 DIO-Ultimate 0.5 DIO-C18 100 um + MAS + x
70091* 2% Formic 30 FIN-LCQ-DECA 3 10 AGI-1100 6 3 DIO-C18 300 um + + SEQ
98765 2% Formic 90 FIN-LCQ-DECA 2 0.5 FIN-Surveyor 2 2 MCH-PLRP-S 180 um x 10 cm + SEQ +

COH-PRG03 Water 33 FIN-LCQ-CLASSIC 7 7 DIO-Ultimate <1 + SEQ
XHWMCZ02 1% Formic 40 FIN-LCQ-DECA-XP 0.5 4 DIO-Ultimate 3 0.220 SLF-C18 Magic 75 um x 15 cm + SEQ +

45096 0.1% TFA 30 FIN-LCQ-DECA-XP <1 <1 FIN-Voyager <1 0.3 SLF-C18, NOB tip 75 um x 15 cm + Elution modified displacement chromatography 2
00715 1% Formic 40 ABI-QSTAR 3 10 MCH-Magic 2002 3 2 MCH-C18 0.2 mm x 50 mm 2
14285 0.1% Formic 100 MIC-QTOF-2 2 3 WAT-capLC 3 0.2 Polaris/Varian C18 15 cm + GLS, SEQ + 2

Neutral Precursor Ion

STN Needle MSMS Loss (Mass)  
19351** 2% Formic 10 MIC-QTOF-2 3 Micromass + MAS
51115 2% Formic 20 MIC-QTOF-2 2 0.5 Nanoflow probe tips +
51943* 1% Formic MIC-QTOF-1 5 + MAS
62631 1% Formic 25 ABI-API-3000 3 1 Protana + (79) x
88489 10% Formic 10 MIC-QTOF-2 2 2 + + MAS 3
13136 2% Formic 66 ABI-QSTAR 3 2 Protana + MAS 1

Mass Spectrometer

HPLC

Peptide Found

Table 3.  Phosphopeptide Analysis

See Table 1 for list of abbreviations used

RESULTS:  IDENTIFICATION OF PHOSPHOPEPTIDES & THE SITES OF PHOSPHORYLATION

Protein Identification Summary:

• A total of 54 different laboratories (51%) returned data.

• 12 laboratories ran multiple analyses, for a total of 67 
analyses.  These responses are marked with * in the above 
table.

• 96% of the responses correctly identified PDI at the 5 pmol 
level.  In the ABRF-PRG02 study, 96% of the participants 
correctly identified PDI at the 2 pmol level.

• For the minor component BSA, at the 200 fmol level, only 
10% of the responses correctly identified this protein.

• There were 5 positive wrong and 17 tentative wrong 
identifications.

Total # Analyses giving 
Analyses Pos Tent Pos Tent Wrong ID's Pos Tent

Analyses of all types 67 63 1 6 1 18 5 17

MALDI-MS 28 24 1 1 0 9 2 8

LCMS 34 34 0 5 1 9 3 9

Static Nanospray 5 5 0 0 0 0 0 0

Table 2.  Protein Identification Summary

PDI BSA Total Wrong

RESULTS:  PROTEIN IDENTIFICATION

                  Mass Spectrometer Operator
Volume Experience Desalt Method PSD MS/MS Search Program Wrong

Lab Number Solvent Used ul % Analyzed Manufacturer, Model Age (yrs) (yrs) PDI BSA ID

MALDI
51565* 0.1% TFA 5 10 BRU-Ultraflex 1 2 + MAS P P
03020* N/A N/A 5 ABI 4700 TOF-TOF 0.5 5 ZipTip + PPR P
13136* 2% Formic 12 33 BRU-Biflex-III 4 2 ZipTip MAS P
14057 0.1% TFA 10 10 ABI-Voyager-DE-STR 2.5 2.5 N/A P

16111976 2% Formic 10 5 ABI-Voyager-DE-PRO 4 1 N/A P
17851 25mM Acetic 10 60 KRA-Axima-CFR 1 0.5 on plate with cold 0.1% TFA + MAS, PRF, PPR P

19351** 2% Formic 10 5 BRU-Biflex 9 N/A ZipTip PRF, MAS P
22222 50% ACN, 0.5% TFA 5 20 ABI 4700 TOF-TOF 1 4 + + MAS, GPSE P
31517 2% Formic 10 100 ABI-Voyager-DE 3 3 ZipTip N/A P
31930 0.1% TFA 5 6 BRU-Biflex-III 4 0.5 N/A P
36181 Water 50 2 ABI-Voyager-DE-STR 1 1 N/A P
40686* 2% Formic 10 20 MIC-TofSpec2E 3 3 N/A P
46436* 2% Formic 10 10 MIC-MALDI-TOF 1 1 PRF, MAS P
65123* 1% Formic 10 5 KRA-Axima-CFR 2 8 ZipTip + MST P
65212 2% Formic 10 10 ABI-QSTAR 4 2 uLC (SLF-Vydac, C18) + PFD,SON P

70091* 2% Formic 10 10/30 ABI-Voyager-DE-PRO 3 10/1 ZipTip N/A P
98765 2% Formic 10 10 ABI-Voyager-DE-STR 1.25 0.25 MSF P
09660 1% Formic 10 3 BRU-Autoflex 1.5 5 N/A P T
55555 0.1% TFA 2 20 ABI-Voyager-STR-DE 2 1 ZipTip N/A P T
31389 10% ACN, 0.1M Acetic 20 10 MIC-TofSpec2E 6 2 ZipTip MAS P T
51385 1.33% Formic 15 50 ABI-Voyager-DE-PRO N/A 3 ZipTip N/A P T

101283 2% Formic 10 5 ABI-Voyager-DE-PRO 4 2.5 N/A P T
13713 50% ACN, 0.1% TFA 10 10 ABI 4700 TOF-TOF 1 7 + MAS P 2T

XHWMCZ02* 1% Formic 10 5 ABI-Voyager-STR 6 10 MAS P P
01236 10% Formic 10 10 BRU-Reflex-IV 1.5 1.5 ZipTip + MAS T
47053 0.1% TFA 10 100 ABI-Voyager-DE 2 2 ZipTip MSF T
10232* 10% Formic 10 5 ABI- Voyager DE Str Elite 4 12 microcrystal extraction + MAS --
24680* 2% Formic 10 5 ABI-Voyager-STR N/A 8 MSF P

HPLC
Flow Rate

LCMS Manufacturer, Model Age (yrs) (ul/min) Column Size   
51565* 0.1% TFA 5 10 FIN-LCQ-DECA-XP 1 5 DIO-Ultimate 1 0.15 DIO, C18 75 um + SEQ P P
24680* 2% Formic 10 20 FIN-LCQ-DECA 1 1 FIN-Surveyor 1 0.15 SLF- Magic C18 75 um x 9 cm + SEQ P P
22091 1% Formic 30 50 MIC-QTOF-2 2 4 MTC-Ultra Plus II 1.5 0.2 NOB, Proteopep 75 um x 10 cm + MAS P P
36838 Water 5 100 MIC-QTOF-ULTIMA API 2 4 ISC, Pumps N/A 0.2 Custom Packed, C18 75 um x 1 cm + In House P P
25262 1% Formic 25 10 FIN-LCQ-DECA 2 1 FIN-Surveyor 2 0.4 NOB, C18 75 um x 15 cm + SEQ P P
10502 3% ACN, 0.1% Formic 100 10 FIN-LCQ-CLASSIC 5 12 MCH-Magic 2002 1 0.15 NOB, C18 75 um x 10 cm + SEQ P T
11748 25 M ammonium bicarbonate, pH 8 35 2.8 FIN-LCQ-DECA-XP 1 1 DIO-Ultimate 1 0.28 SLF-PHE-C18 10 um + SEQ P

19351** 2% Formic 10 10 MIC-QTOF-2 2.5 2.5 MIC-CapLC 1.5 1 DIO, PepMap, C18 180 um x 15 cm + MAS P
20016 3% ACN, 0.1% TFA, 0.1% Formic 15 30 FIN-LCQ-DECA-XP-PLUS 0.5 2 DIO-Ultimate, Famos, Switchos 2 0.25 DIO, C18 75 um x 15 cm + SEQ P
40686* 2% Formic 10 50 FIN-LCQ-DECA-XP 1 1 AUI-Rheos-2000 1 0.3 SPE 100 um + SEQ P
41001 2% Formic 10 5 FIN-LCQ-CLASSIC 10 2 MCH-Ultrafast 10 0.6 MCH, C18 100 um x 5 cm + MAS P
46436* 2% Formic 10 90 MIC-QTOF-Micro 1 0.5 WAT-CapLC 1 0.3 NOB, C18 75 um x 10 cm + MAS P
48583 2% Formic 10 50 FIN-LCQ-DECA-XP 2 1 FIN-Surveyor 2 0.2 NOB, Picofrit, Biobasic 75 um x 10 cm + SEQ P
49406 5% ACN, 0.1% Formic 40 12.5 FIN-LCQ-DECA 3 3 ABI-140D 5 4 VYD, C18 300 um x 10 cm + SEQ P
51943* 1% Formic 10 60 MIC-QTOF-1 N/A 5 WAT-CapLC 1 0.2 DIO, PepMap, C18 75 um x 15 cm + MAS P
55120 5% ACN, 1.7% Formic 10 3 FIN-LCQ-CLASSIC 4 17 AGI-1100 with splitter 2 4 SLF-ALT, Macrosphere C18 300 um x 15 cm + MAS/SEQ P
60213 2% ACN, 0.1% Formic 10 50 FIN-LCQ-DECA-XP 1 1 DIO-Ultimate, Famos, Switchos 1 1 HIG, C18 150 um x 10 cm + MAS P
65123* 1% Formic 10 85 FIN-LCQ-DECA 3 3 DIO-Ultimate 3 0.5 DIO, C18 100 um + MAS P
70091* 2% Formic 10 30 FIN-LCQ-DECA 3 10/1 AGI, DIO Splitter 6 3 DIO, VYD C18 300 um + SEQ P
72972 10% Formic 2 10 MIC-QTOF-ULTIMA API 1 0.5 WAT-CapLC 1 0.2 NOB, Magic C18 with MIC, 8 um tip 75 um x 20 cm + MAS P
73490 0.1% Formic 40 50 MIC-QTOF-ULTIMA API 1 5 WAT-CapLC 1 0.3 DIO, C18 75 um + MAS P
75391 5% Formic 10 15 ABI-QSTAR-i 1.5 2 DIO-Ultimate new 0.1 DIO, C18 75 um x 15 cm + MAS P
78965 1% Formic 10 2 FIN-LCQ-DECA 3 8 JAS-PU1585 / DIO-Famos 3 0.2 NOB, Proteopep C18 75 um x 10 cm + SON, RADARS P
98166 0.05 % Formic 50 70 FIN-LCQ-CLASSIC 3 5 DIO-Ultimate 3 0.15 SLF- ESI Tip Column 75 um x 5 cm + MAS P

COH-PRG03 Water 20 33 FIN-LCQ-CLASSIC 7 7 DIO-Ultimate (after ZipTip Desalting) 1 N/A N/A N/A + SEQ P
03020* N/A N/A 20 FIN-LCQ-DECA 0.5 2 AGI 0.5 N/A SLF-Jupiter, C18 10 cm + SEQ P T
31778 2% Formic 10 10 FIN-LCQ-DECA 2 0.5 ABI-140D 5 0.2 SLF-C18 50 um + SEQ P T
60020 0.2% Formic 10 20 MIC-QTOF-ULTIMA-GLOBAL 0.5 0.5 WAT-CapLC 0.5 0.25 DIO, C18 75 um x 15 cm + MAS P T
00715 1% Formic 10 20 ABI-QSTAR 3 10 MCH-Magic 2002 3 2 MCH, C18 200 um x 5 cm + MAS/PRF P T
45096 0.1% TFA 10 20 FIN-LCQ-DECA-XP 1 1 FIN-Surveyor 1 0.3 SLF-C18 NOB Tip 75 um x 15 cm + MAS P P
51115 2% Formic 10 10 MIC-QTOF-2 2 0.5 MCH-Magic 2002 2.5 0.5 MCH, C18 100 um x 5 cm + MAS P P

XHWMCZ02* 1% Formic 10 5 FIN-LCQ-DECA-XP-PLUS 0.5 4 DIO-Ultimate 3 0.22 SLF- Magic C18 75 um x 15 cm + SEQ P 1P, 1T
10232* 10% Formic 10 50 ABI-TRIPLEQUAD-365 4 10 Selfmade 2 0.2 SLF 100 um x 6 cm + Peptide Seq Tag P 2T
14285 0.1% Formic 5 100 MIC-QTOF-2 2 3 WAT-2390 3 0.2 Polaris/Varian, C18 15 cm + GLS/SEQ P 2T

STN (Static Nanospray) Needle
13136* 2% Formic 12 66 ABI-QSTAR 3 2 Protana + MAS P

19351** 2% Formic 10 10 MIC-QTOF-2 2.5 MIC + MAS P
51943* 1% Formic 10 MIC-QTOF-1 5 + MAS P
62631 1% Formic 10 25 ABI-API 3000 3 1 Protana + P
88489 10% Formic 10 10 MIC-QTOF-2 2 2 + MAS P

Abbreviations used in tables:
Mass Spectrometer: HPLC: Search Program:
  ABI: Applied Biosystems   AGI: Agilent         MTC: Microtech   GLS: Global Server           MST: MS-Tag
  BRU: Bruker   DIO: Dionex         WAT: Waters   GPM: GPMAW                  PPR: Protein Prospector
  FIN: Finnigan   FLU: Flux         AUI: Auxiliary Instruments   GPSE: GPS Explorer        PFD: ProFound
  KRA: Kratos   ISC: Isco   MAS: Mascot                     SEQ: Sequest
  MIC: Micromass   MCH: Michrom   MSF: MS-Fit                      SON: Sonar

Proteins Identified
P = Positive    T = Tentative

Table 1.  Protein Identification

 *  Lab did 2 analyses
**  Lab did 3 analyses

Summary: 
• 64/67 (96%) analyses correctly identified the major protein (PDI) present at the 5 pmol level.  Only 7/67 (10%) identified the minor 

protein (BSA) at the 200 fmol level.

• The sample contained 2 phosphopeptides present at a pmol level ~20% of the total protein content, mimicking the 
substoichiometric amounts of protein modification often found in real-world samples.

• 15/65 analyses correctly identified one or both of the original phosphopeptides; only 1 lab identified both of them.  There also 
were 13 analyses that gave wrong phosphopeptide identifications. 

• Of the 14 labs that tried, 10 (71%) correctly identified one or both sites of phosphorylation.  A total of 3 labs identified both sites of 
phosphorylation.

• Only 3/67 (4%) analyses located the correct sites of phosphorylation on a sample that should have been relatively simple due to 
the amount of sample provided.  These results clearly show that, despite progress made in instrumentation and techniques, 
locating sites of phosphorylation in cold samples still is a significant challenge.

# of Wrong
Post-Enrichment Correct Peptide Peptides

Lab Number Metal Ion Self-Packed Resin Pre-Packed Tip Other Enrichment Analysis Method by Enrichment by Enrichment
65212 Off-line HPLC MALDI Both
72972 Ga+3 Pierce Phosphopeptide Isolation Kit Methyl ester derivatization LCM-MSMS SVpSDYEGK
24680 Fe+3 Millipore LCM none
22091 Cu+2 Millipore LCM-MSMS none
62631 Fe+3 Millipore STN none
60213 Cu+2 Millipore LCM-MSMS none
48583 Ga+3 Millipore LCM-MSMS none
65123 Fe+3 Millipore MALDI none
03020 Ga+3 Qiagen-NTA LCM none
31389 Fe+3 BD Biosciences-Talon-NTA MALDI none
36181 Fe+3 Sigma iron-coated 96-well plate MALDI none
17851 unreported  MALDI none

101283 Fe+3,Ga+3 Millipore MALDI none 1
14057 Fe+3 Millipore MALDI none 1
45096 Elution modified displacement LCM-MSMS none 2

chromatography

IMAC Enrichment

Table 6.  Phosphopeptide Enrichment

Phosphopeptide Enrichment Summary:

• 15 labs used some type of enrichment for the phosphopeptides.  The immobilized metal ion 
affinity chromatography (IMAC) step was used in the majority of the enrichments.

• Only 1 of these IMAC enrichments enabled identification of one of the phosphopeptides 
present in the sample, and this was done after methyl ester derivatization.  The off-line HPLC 
enrichment enabled both phosphopeptides to be identified. 

Phosphopeptide Identification:

• 1 analysis identified both phosphopeptides.

• 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.

• 7 analyses identified the P2 peptide, only.

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

Locating the Site of Phosphorylation: 

• 14 analyses (22%) attempted to identify the sites of phosphorylation.

• Only 3 labs identified both sites of phosphorylation correctly.

- 1 lab identified both of the original phosphopeptides and the expected sites of phosphorylation in P1 (S268) and 
P2 (S266).  This was done on a MALDI-QqTof instrument with off-line HPLC separation prior to MS analysis. 

- 2 labs identified only the P1 phosphopeptide, but demonstrated separate singly phosphorylated forms at S268 
and S266.  Presumably, in some cases, the P2 peptide was somehow converted to a P1’peptide during 
shipping or processing of the sample; for example,

THILLFLPKpSVSDYEGK (P2)  ? ? THILLFLPK  +   pSVSDYEGK (P1’)

• A total of 6 respondents identified the expected site (S268) in the P1 phosphopeptide.

• A total of 7 different respondents identified the correct site (S266) in the P2 (or P1’) phosphopeptide.

• 10 out of 14 analyses (71%), correctly identified at least 1 of the 2 sites of phosphorylation.

Total         P1 only             P2 only # Analyses Giving Total Total Correct Site Correct Site
Analyses Both Peptides SVpSDYEGK THILLFLPKpSVSDYEGK Wrong IDs Wrong Analyses S268 S266

Analyses of all types 65 1 7 7 13 25 14 6 7

MALDI-MS 25 1 1 3 7 14 3 1 1

LCMS 34 0 6 4 4 7 11 5 6

Static Nanospray 6 0 0 0 2 4 0 0 0

Phosphopeptide Identification Phosphorylation Site Identification

Table 5.  Phosphopeptide and Phosphorylation Summary

Correct Site in 
Lab Number Method Used Instrument Used Phosphopeptide Identified Method Used Instrument Used PDI Identified

65212 MALDI-MSMS ABI-Qstar SVpSDYEGK MALDI-MSMS ABI-Qstar S268
       THILLFLPKpSVSDYEGK S266

78965 LCM-MSMS FIN-LCQ Deca SVpSDYEGK (pSVSDYEGK) LCM-MSMS FIN-LCQ Deca S266, S268
11748 LCM-MSMS FIN-LCQ Deca SVpSDYEGK (pSVSDYEGK) LCM-MSMS FIN-LCQ Deca S266, S268
72972 LCM-MSMS MIC-Ultima SVpSDYEGK LCM-MSMS MIC-Ultima S268
98166 LCM-MSMS FIN-LCQ  Classic SVpSDYEGK LCM-MSMS FIN-LCQ Classic S268
24680* LCM-MSMS FIN-LCQ  Deca SVpSDYEGK LCM-MSMS FIN-LCQ Deca S268
75391 LCM-MSMS ABI-API Qstar THILLFLPKpSVSDYEGK LCM-MSMS ABI-API Qstar S266
73490 LCM-MSMS MIC-Ultima THILLFLPKpSVSDYEGK LCM-MSMS MIC-Ultima S266
55120 LCM-MSMS FIN-LCQ Classic THILLFLPKpSVSDYEGK LCM-MSMS FIN-LCQ Classic S266
22091 LCM-MSMS MIC-Qtof II THILLFLPKpSVSDYEGK LCM-MSMS MIC-Qtof II S266
46436* MALDI MIC SVpSDYEGK LCM-MSMS MIC-Qtof none
40686* MALDI MIC-TofSpec 2E THILLFLPKpSVSDYEGK LCM-MSMS FIN-LCQ Deca XP none
09660 MALDI BRU-Autoflex THILLFLPKpSVSDYEGK MALDI-PSD BRU-Autoflex none
51385 MALDI PER-Voyager DE-STR THILLFLPKpSVSDYEGK MALDI-PSD ABI-Voyager DE-STR none
36838 LCM-MSMS MIC-Ultima SVpSDYEGK not done

Identification of Phosphopeptides Identification of Phosphorylation Site

Table 4.  Identification of Phosphorylation Sites
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