Workflow-Based Processing Software For Rapid Deployment of Proteomics Algorithms
David M. Horn,1 Iman Mohtashemi,1 Kai Fritzemeier,2 Bernard Delanghe,2 and Torsten Ueckert2
1Thermo Fisher Scientific, San Jose, CA, USA; 2Thermo Fisher Scientific, Bremen, Germany

Overview

FIGURE 2. Proteome Discoverer Workflow Editor with the new nodes.

Example 3. Disulfinator
The Disulfinator algorithm was originally written as a standalone prototype for
prediction of all possible disulfide cross-links from ETD-triggered CID MS3 data. The
original algorithm first calculates all possible pairs or triplets of cysteine-containing
peptides from an in silico digest of a single protein sequence from a FASTA file with
a user-set number of missed cleavages. In the next step, Disulfinator reads the
precursor ion masses for each ETD MS/MS spectrum from the LC/MS run to the list
of possible cross-linked peptides within a user-set tolerance, which in this case was
10 ppm. The third step would be to confirm the peptides predicted by the previous
step with the MS3 data. However, this standalone software was missing a direct link
to the list of MS3 identifications from SEQUEST or Mascot.

Purpose: Here we present the Thermo Scientific Proteome Discoverer software, a
node-based framework for proteomics data processing. We will explain the
general structure of the software and provide multiple examples of creation of
nodes for use in this system.
Methods: All data were acquired on a hybrid ion trap-OrbitrapTM mass
spectrometer system equipped with electron transfer dissociation (ETD). New
nodes were developed in C# using Visual Studio 2010 and their utility were
demonstrated by incorporating them into Proteome DiscovererTM workflows.

Parameters
for selected
node

Results: Development, deployment and analysis of various node implementations
are discussed.

Introduction
One of the primary challenges of mass spectrometry-based proteomics is the
translation of raw data to biological information. As mass spectrometry
instrumentation becomes faster and more sensitive, downstream data analysis is
more commonly becoming the bottleneck in proteomics workflows. Further, there
are a large variety of experiments that a proteomics researcher can use, including
“shotgun” bottom-up protein identification, label-free and/or isotopically-labeled
quantitative proteomics, top-down identification and characterization, and targeted
identification of post-translational modifications (PTMs). Each of these methods
requires a different set of tools and thus users are often forced to use different
software for each of these workflows. Further, as new software algorithms are
created, they are often released as separate software packages, which adds to
the complexity of a proteomics researcher’s workflow.
Here we describe a workflow-based processing system, Proteome Discoverer
software, which allows straightforward incorporation of new software technologies
as a “node.” The software already includes several nodes that span all of the
major steps in a data processing workflow, including raw data file access and peak
list extraction, peak list processing, spectral filtering and grouping, peptide
identification, and biological interpretation of identified proteins. In this poster, we
will describe how new algorithms can be quickly deployed as a node in the system
to be used in combination with existing functionality. We will introduce three
example nodes, including two simple peak-processing nodes that increase
throughput and/or sensitivity and the “Disulfinator” node for disulfide mapping of
ETD-triggered CID MS3 data.

Methods

New nodes

FIGURE 5. Custom data fields for Disulfinator node.

Results
Example 1. Simple Percent Cutoff Filter
A very simple node was created to filter all peaks in each spectrum from a data file
below a certain relative abundance threshold. The main purpose of this node is to
reduce the number of input peaks in a mass spectral dataset to speed up the
SEQUEST database search for ion trap data. Figure 3 shows an example for a
peptide that was identified using workflows that included and removed MS/MS
relative abundance threshold filter.
FIGURE 3. Comparison of Peptide ID with and without percent cutoff filter.
Extracted from: C:\Users\Iman\Desktop\Thermo Data\HCD-N-N-Top20_511.RAW #24117 RT: 69.16
ITMS, HCD, z=+2, Mono m/z=708.30688 Da, MH+=1415.60649 Da, Match Tol.=1 Da

Deploying New Nodes Into the Proteome Discoverer framework

FIGURE 1. The code below defines the name of the node, the input and
output data structures, and the parameters available for the users.

The results for a unreduced BSA digest are shown in Figure 6 below. For each CID
MS3 spectrum that has been identified, the identified structure of the original
precursor is shown with the identified number of disulfide cross-links. Multiple CID
MS3 scans that are identified from the same original precursor are assigned with the
same “Crosslink ID.” Note that the column names in Figure 6 match the custom field
names for Figure 5.
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FIGURE 6. Disulfinator results for BSA. The columns crosslink ID, # Peptides,
# Disulfides, and Crosslinked Peptides(s) are all custom fields defined within
the Disulfinator node.
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Extracted from: C:\Users\Iman\Desktop\Thermo Data\HCD-Thresholded-500_MGF.mgf
ITMS, CID, z=+2, Mono m/z=708.30688 Da, MH+=1415.60648 Da, Match Tol.=1 Da
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To create a new node for use in the Proteome Discoverer framework, a developer
will start with a Microsoft Visual Studio 2010 solution that contains a template
project that performs similar functionality to the node to be added. In the solution,
the developer defines the node name, the input and output data types, whether or
not the algorithm is tied to the standard license or a separate one, and the
algorithm parameters and their acceptable limits. Figure 1 shows the code
created for the neutral loss filter example, where the input and output for the node
are MS/MS spectra and the appearance of the node is tied to the standard license
in Proteome Discoverer software and thus will be available for all users. The code
on the right side of Figure 1 show the parameters that are available for users in
the Proteome Discoverer Workflow Editor user interface for that node and their
acceptable limits. If the user sets any value outside these limits, the workflow will
exit with an immediate error.
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Proteome Discoverer software is written in the Microsoft C#/.NET environment
and runs under Microsoft Windows. It consists of a server component for
processing the data with user defined processing workflows and a client
component for creating and scheduling processing workflows, and creating and
displaying the final reports. The workflows consist of processing nodes that
perform in a specific task in the data analysis pipeline. These processing nodes
are implemented as plug-ins, making it easy to extend the data processing with
new algorithms or functionality.

The Disulfinator algorithm was thus incorporated as a node into Proteome
Discoverer software to gain direct access to the database search results as well as
to benefit from improved automation and visualization. Unlike the previous
examples, this algorithm produces different types of results that are available in the
default Proteome Discoverer results view. Fortunately, Proteome Discoverer
software allows the definition of custom data fields that automatically appear as
extra columns in the list of peptide identifications upon loading of results as seen in
Figure 5.
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For the front end HCD ion trap data, the inclusion of the percent cutoff filter node
decreased search time with a minimal loss in the number of identified spectra.
Example 2. Neutral Loss Filter
In this second example, a node was created to filter spectra that show evidence of
a given marker ion or neutral loss. This neutral loss node has a third parameter
that also allows the user set a minimum relative abundance for the neutral loss or
marker ion peak. For the phosphopeptide example data, we also found that higher
precursor charge states tend to produce less abundant neutral losses. Thus, we
created the workflow in Figure 4, which branches the search using set Spectrum
Property Filters each of which pass through a different set of precursor charge
states. The original search without the neutral filter produced 2249 unique
phosphopeptide identifications with a Percolator q-value of 0.01 or better, while the
search as shown in Figure 4 produced 2386 unique phosphopeptides.
FIGURE 4. Proteome Discoverer workflow for improved identification of
phosphopeptides.

Disulfinator identified 65 precursors where one or more disulfides bind two or more
peptides, corresponding to 49 unique disulfide-bound structures. Six of these
structures involved two disulfide-bonds with either three peptides linked by two
disulfide bonds or two peptides with one external and one internal disulfide bond.
The great majority of identified disulfide-bound peptides were not expected for BSA,
indicating a significant amount of scrambling for this sample. For example, the
peptide CASIQK is only expected to be bound to the peptide ECCHGDLLECADDR,
which itself should have an internal disulfide bond. Instead, the CASIQK peptide
was identified to be bound to 6 different peptides: QNCDQFEK, SHTHLFGDELCK,
LKPDPNTLCDEFK, LKPDPNTLCDEFKADEK and DAIPENLPPLTADFAEDKDVCK.
Detailed information about the data acquisition strategy and the Proteome
Discoverer workflow can be found in Reference 2.

Conclusion
 Customized processing nodes are easily integrated into complex workflows
using the Proteome Discoverer node framework.
 Simple filters can lead to improved sensitivity and throughput.
 Templates, documentation and source code will be made available upon
request. Please check for updates at http://portal.thermo-brims.com/.

The developer then subsequently may add the algorithm directly into the project
as C# code or alternatively a separate compiled executable or library may be
used. After compilation to a .dll, the new node can then be registered into the
Proteome Discoverer system by invoking “Scan For New Features.” Upon
successful registration, the new nodes will appear in the Proteome Discoverer
workflow editor for use in any given workflow (Figure 2.)
Example Data
For the neutral loss algorithm, a dataset containing a tryptic digest of TiO2enriched tryptic phosphopeptides was used. For the example MS/MS percent
threshold cutoff filter, a data set from a Thermo Scientific Velos Pro ion trap mass
spectrometer with Trap-HCD was used. For the Disulfinator algorithm, an
unreduced bovine serum albumin sample was digested using trypsin and acquired
on a Thermo Scientific LTQ Orbitrap Velos hybrid MS equipped with ETD in a
similar manner to what was presented in Wu et al.1 A dataset of TiO2-enriched
tryptic phosphopeptides acquired on a Thermo Scientific Orbitrap EliteTM hybrid
MS was used to test the neutral loss filter.
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