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Methods: Enriched and multiplexed quantitative phosphopeptides were analyzed by mass
Methods: Enriched and multiplexed quantitative phosphopeptides were analyzed by mass
spectrometry (MS) and searched using the SequestHT, Byonic and Mascot nodes in Proteome
spectrometry (MS) and searched using the SequestHT, Byonic and Mascot nodes in Proteome
Discoverer software and the Andromeda search engine in MaxQuant software .
Discoverer software and the Andromeda search engine in MaxQuant software .
Results: Search engines performed differently for multiple fragmentation methods on the
Results: Search engines performed differently for multiple fragmentation methods on the
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(see results for details) were applied to compare the identifications and quantitation accuracy.
Figure 1. Numbers of (a) phosphopeptide groups and (b) protein groups identified by
Sequest HT search engine for different fragmentation techniques
Figure 1. Numbers of (a) phosphopeptide groups and (b) protein groups identified by
Sequest HT search engine for different fragmentation techniques
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Figure 2. Venn Diagrams to compare phosphopeptide identifications from HCD, EThcD
with (a) CID with ion trap as an analyzer and (b) CID MSA with an Orbitrap as an analyzer.
Figure 2. Venn Diagrams to compare phosphopeptide identifications from HCD, EThcD
The results were searched with Sequest HT engine.
with (a) CID with ion trap as an analyzer and (b) CID MSA with an Orbitrap as an analyzer.
The results were searched with Sequest HT engine.

(a)
(a)

597
597
644
314
644
1878 314
1252
1878 615
947
1252
615
947

(b)
(b)

677
677
891
444
2416 444
891
485
1005
2416
409
485
1005
409

CID MSA OT
CID IT
HCD
HCD
CID MSA OT
CID IT
EThcD
EThcD
HCD
HCD
EThcD
EThcD
While it was clear that HCD was the best fragmentation method for phosphopeptide

2000
1500

3000
4000

Data
Analysis
Data
Analysis
TheThe
datadata
were
analyzed
using
Thermo
Scientific™
Proteome
Discoverer™
2.1 software
and and
were
analyzed
using
Thermo
Scientific™
Proteome
Discoverer™
2.1 software
MaxQuant™
software
1.5.3.51.
The The
search
algorithms
used used
in theinstudy
were Sequest
HT™, HT™,
MaxQuant™
software
1.5.3.51.
search
algorithms
the study
were Sequest
Mascot™
v2.4,
Byonic™
v2.8v2.8
as part
of theofProteome
Discoverer
platform,
and MaxQuant
with with
Mascot™
v2.4,
Byonic™
as part
the Proteome
Discoverer
platform,
and MaxQuant
the Andromeda search engine. Carbamidomethylation(C) and Thermo Scientific™ TMT 6-plex™
the Andromeda search engine. Carbamidomethylation(C) and Thermo Scientific™ TMT 6-plex™
(N-term and K) were set as fixed modifications, while oxidation (M), deamidation (NQ) and
(N-term and K) were set as fixed modifications, while oxidation (M), deamidation (NQ) and
phospho (STY) were set as dynamic modifications. A mass tolerance of 10ppm was set for MS1
phospho (STY) were set as dynamic modifications. A mass tolerance of 10ppm was set for MS1
ion trap analyzer. For
and 0.02 Da for MS2 if using the orbitrap or 0.6Da for MS2 for the
and 0.02 Da for MS2 if using the orbitrap or 0.6Da for MS2 for the ion trap analyzer. For
multiplexed quantitative experiment, the isotopic correction factors for the TMT reagents were
multiplexed quantitative experiment, the isotopic correction factors for the TMT reagents were
applied. A FDR of 1% at the peptide level and phosphorylation were used to filter the results (In
applied. A FDR of 1% at the peptide level and phosphorylation were used to filter the results (In
addition, 1% protein FDR was used for Byonic and MaxQuant search engines by default). ptmRS
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identification on multiple search engines, including Sequest HT, Mascot and Byonic in
Proteome Discoverer software and Andromeda in MaxQuant (Figure 3).

Figure 3. The comparison of multiple search engines and their effect on identification and site
confidence of phosphopeptides analyzed by different fragmentation methods. OT: Orbitrap
Figure 3. The comparison of multiple search engines and their effect on identification and site
confidence of phosphopeptides
analyzed by different fragmentation methods. OT: Orbitrap
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HCD fragmentation was proven by multiple search engines to generate the highest or second
highest number of phosphopeptide identifications compared to other fragmentation techniques.
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engines.

While identification of phophopeptides is important, quantitative phosphoproteomics allows
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elucidating changes in protein phosphorylation between different samples. Isobaric labeling,
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of approach,
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several conditions in the same experiment. The higher number of phosphopeptide
identifications facilitates the discovery of new biological targets only if the quantitation
Here we used the two proteome model to study the quantitation accuracy. The workflow is
accuracy is not compromised.
described in Figure 4. The Synchronous Precursor Selection (SPS) MS3 method eliminated
the yeast interference and resulted in accurate ratios for the human proteome. A theoretical
Here we used the two proteome model to study the quantitation accuracy. The workflow is
log2 ratio of 3 was expected for 131/129N for true human proteins and peptides. On the other
described in Figure 4. The Synchronous Precursor Selection (SPS) MS3 method eliminated
hand, if a yeast peptide was mistakenly identified as a human peptide, the log2 ratio would
the yeast interference and resulted in accurate ratios for the human proteome. A theoretical
shift towards 0. After applying the correction factor, we did see a Gaussian distribution around
log2 ratio of 3 was expected for 131/129N for true human proteins and peptides. On the other
3 for human peptide ratios for all four search engine results, confirming the identifications were
hand, if a yeast peptide was mistakenly identified as a human peptide, the log2 ratio would
confident (Figure 5).
shift towards 0. After applying the correction factor, we did see a Gaussian distribution around
3 for human peptide ratios for all four search engine results, confirming the identifications were
confident (Figure 5).
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Figure 5. . Distributions of TMT ratios corresponding to human phosphopeptide with
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HT ratios corresponding to human phosphopeptide
interference (131/129C). Expected Ratio is 8:1.
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• Different search engines favor different fragmentation methods for phosphopeptide identifications

• HCD fragmentation was favored by all search engines for phosphopeptide identification
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