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Overview

Features

Output

Digestion Optimization

= SPACEPro (Shotgun Proteomic Analysis of
Cleavage Efficiency of Proteins) is a software
tool for evaluating digestion efficiency.

= SPACEPro is seamlessly integrated into the
Trans-Proteomic Pipeline.

= SPACEPro identifies digestion deficiencies to
optimize sample preparation conditions.

Introduction

Shotgun proteomics relies on efficient and predictable cleavage of proteins in a complex
mixture for analysis by liquid chromatography mass spectrometry (LC-MS). Most
shotgun proteomics analyses are performed following digestion with proteolytic
enzymes, such as trypsin, that have been well characterized for their specificity and
efficiency. Protein digestion efficiency is rarely evaluated or reported in proteomics data
analyses, perhaps because ubiquitous use of digestion enzymes has led to the
assumption that the digestion consistently runs to completion. However, poor protein
cleavage can have adverse effects on protein identification and protein quantification,
and therefore should be monitored in every experiment. Here, we show how digestion
efficiency can be integrated into a shotgun proteomics pipeline to improve proteomics
analyses.
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Figure 1. Integration of SPACEPro into the Trans-Proteomic Pipeline. SPACEPro
seamlessly resides in the workflow following PSM validation with the various tools
provided in the pipeline. Runtime is typically less than one minute, and therefore
recommended to assure digestion quality for every analysis.
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Figure 2: Flow diagram for
SPACEPTro. Input files (yellow)
are shotgun search results in
pepXML format and spectral
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Simple, Browser-based User Interface (Command Line, too)

I SPACEPRO OPTIONS -

Minimum PeptideProphet/iProphet probability threshold: | 0.90

Tolerances for precursor ion extraction: Retention time +H 2.0 | minutes, Mass error +f— ppm
Enzymatic cleavage: Cut: Skip (no cut): P Sense:[ c-terminal V]

QUANTIFY AND EVALUATE DIGESTION EFFICIENCY
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Figure 3: Browser-based user interface for SPACEPro. Minimal number of parameters,
customizable to any digestion enzyme or instrument capabilities.

Peptide-based Quantitation of Digestion Efficiency

Figure 4: Quantitation of digestion
ﬂ efficiency is performed at the peptide-
level. MS/MS-based peptide sequence
matches (PSMs) are mapped back to their
precursor extracted ion chromatogram
(XIC), and the area under the XIC
represents the abundance of a peptide.
Multiple PSMs to the same peptide signal
(orange lines) are represented as a single
guantity.
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Clear Summaries of Analysis at PSM, Peptide, and Protein
Level

——————————— PSM STATS -----------

Total PSMs in file: 38657

PSMs above probability threshold: 13366
Enzymatic PSMs: 9455, 71.86%
Mis-cleaved PSMs: 2216, 16.65%
Monspecific PSMs: 1822, 13.69%

——————————— PEPTIDE STATS —————————-
Total Unique Peptides: 4871
Total Peptides Quantified: 4866
Enzymatic Peptide Signal: 75.65%
Mis-cleaved Peptide Signal: 20.17%
Nonspecific Peptide Signal: 4.44%
Average number of mis-cleavages among mis-cleaved peptides: 1.89

Peptide-level analysis
IS best for evaluating
digestion efficiency

——————————— PROTEIN STATS -----------

Total Proteins from Proteotypic Peptides: 318
Average Enzymatic Protein Signal: 78.77%
Average Mis-cleaved Protein Signal: 9.36%
Average Nonspecific Protein Signal: 13.94%

Figure 5: SPACEPro exports a simple summary of analysis to the user. The summary
contrasts typical PSM count-based results with the more refined, peptide quantity-based
analysis recommended in SPACEPTo.

All Proteotypic Peptide Results in JSON Format, Organized
by Protein
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Figure 6: Proteotypic peptide results are provided in JSON format, organized by protein
identifier. Users can inspect the digestion efficiency and observed sequences of any
particular peptide, or explore trends in digestion deficiencies shared by multiple
peptides.

Exploring Peptides with Missed Cleavage: Sequence Analysis
and Efficiency Recalculation

Peptide Cleavage Type

{ B Enzymatic ® Missed Non-specific
"Sequence": "DVDKEFYLFPTVFDENESLLLEDNIR",
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"PSM Count": 1, 90%
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Figure 7: Analysis of missed cleavages from the JSON results showed that most
occurred at dibasic sites (KK, RK/KR, RR), a known artifact of trypsin digestion.
Accounting for these cases nearly eliminated the observation of missed cleavage and
improved the digestion efficiency estimates.
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Figure 8. Optimization of the digestion of human serum samples (S-Trap, Protifi)
following SPACEPro. Different enzyme-to-protein ratios were tested to find the optimum
balance that minimized both missed and non-specific cleavage events.
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