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In This Guide...

The Application Guide presents the basics to analyze protein
and peptide data with the Spectrum Mill MS Proteomics
Workbench. In this guide you will learn:

¢ How to process MS/MS and MS-only data sets

¢ Details about the advanced Spectrum Mill workbench data
review and validation capabilities

* How to perform Sherenga de novo sequencing

¢ How to process ICAT, iTRAQ, and other data for differential
expression quantitation

e How to use the many protein/peptide analysis tools and
utilities that are included with the Spectrum Mill workbench

¢ System administration details

If you have any comments about this guide, please send an
e-mail to feedback_lcms@agilent.com.

1 Basics for Processing MS/MS Data

Learn basic step-by-step procedures to process MS/MS data.

2 MS/MS Data Review and Validation

Learn details to help you customize MS/MS data review and
validation.

3 Sherenga de novo Sequencing

Learn details to help you understand and use the software
module for Sherenga de novo sequencing.

4 Processing lon Trap - ETD Data

Learn how to process electron transfer dissociation (ETD) data
from an Agilent ion trap.
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Processing ICAT, iTRAQ, and Other Data for Differential
Expression Quantitation

Learn details to process quantitative data for differential
profiling studies.

Basics for Processing MS-Only Data

Learn basic step-by-step procedures to process MS-only data.

Using the Tool Belt

Learn how to use the tools on the Tool Belt page.

Using Spectrum Mill Utilities

Learn how to use the many useful protein/peptide utilities
included with the Spectrum Mill workbench.

System Administration

Learn common system administration tasks, including how to
install and update databases.

Files Created during Spectrum Mill Data Processing

Learn about the files the Spectrum Mill workbench creates. This
information is useful to troubleshoot data processing, to
selectively remove some of the data processing, and to make
decisions about data archives.
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Agilent G2721AA Spectrum Mill MS Proteomics Workbench
Application Guide

Qo1
Basics for Processing MS/MS Data

Iterative search strategy 12

First-pass data processing 17

Optional data processing to extract additional information 49
Additional tools 71

In this chapter you learn the basics to process multiple MS/MS data files with
the Spectrum Mill MS Proteomics Workbench. This chapter guides you through
a typical workflow using the software. You use this workflow for any MS/MS
data, whether it originated with LC/MS/MS or MALDI MS/MS. While the steps
described here are representative of what many users want to do, there are
certainly other paths through the software. As you gain experience, you may
want to modify your process to best suit your experiments and needs. This
manual and the online help give you the details you need to customize this
workflow.

This chapter assumes that the Spectrum Mill workbench has already been
installed on your server, databases have been downloaded and indexed, and
the system is ready to go. If this has not yet been done, see the Spectrum Mill
MS Proteomics Workbench Installation Guide.

If you want more details about the Protein/Peptide Summary page described
in this chapter, see Chapter 2, “MS/MS Data Review and Validation”. For more
details about Sherenga de novo sequencing, see Chapter 3, “Sherenga de novo
Sequencing”. To learn more about processing ICAT and similar data, see
Chapter 5, “Processing ICAT, iTRAQ, and Other Data for Differential
Expression Quantitation”.
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Iterative search strategy

12

Introduction

The Spectrum Mill workbench allows you to process your data through
multiple rounds of database search and results validation. Figure 1 shows a
roadmap for processing MS/MS data. How much of this roadmap you complete
depends upon how important it is to extract every last bit of information from
your sample.

For some samples, it is sufficient to process only through the basic workflow
indicated by the darker (blue) shading. These steps are covered in “First-pass
data processing” on page 17. For others, you take advantage of the optional
processing indicated by the lighter (yellow) shading. These additional steps
are covered in “Optional data processing to extract additional information” on
page 49.

As you process data with the Spectrum Mill workbench, you may iterate
through multiple rounds of database search and results validation, with the
goal of identifying as many spectra as possible. The Spectrum Mill workbench
provides a means to segregate search results that contain a valid
interpretation of an MS/MS spectrum from those that do not. Results that are
not validated can then be subjected to subsequent rounds of searches (against
other databases or in variable modifications mode, for example). Results that
are validated can be summarized in a results table.

The default settings for the Spectrum Mill workbench have been carefully optimized. In
general, you should change settings only for the settings that are highlighted in red text. If
you change other settings, be sure you are confident in your choices. If you wish to restore
default settings, see the online help for the Spectrum Mill page of interest.
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Figure 2 and the summary below describe the iterative MS/MS search strategy
with the Spectrum Mill workbench. The strategy assumes that the goal is to
identify as many proteins as possible. If your study does not require you to
identify so many proteins, you may omit the steps between step 5 and step 13.
While the following summarizes the overall strategy, the step-by-step
procedures are given in the rest of this chapter.

1 Copy or move the raw MS/MS data files to the Spectrum Mill server.
Be sure to set up a directory structure on the server that makes it easy to

summarize and compare your results. See “To set up a useful directory
structure” on page 19.

2 Extract the data.
Set the correct cysteine modification.

For Merge scans with same precursor m/z, if necessary change the time
range to be compatible with your chromatographic data. A good starting
point is the default of 15 seconds with a +/- 1.4 m/z window.

3 Search a database in identity mode, preferably a species subset database for
the first search.

4 Autovalidate the results with the highest scores, first in Protein details mode,
then (optionally) in Peptide mode. Use default settings.

Validation means that you accept the proposed database match as the
correct match for the MS/MS spectrum.

5 Manually review the medium-quality spectra and validate additional results
(for ion trap data down to score of 6, SPI 60, and for Agilent Q-TOF data
down to score of 5, SPI 60).

Depending on the size of the data set, it may be easiest to do this in
batches (i.e., first score > 8, then score >6. etc.).

For guidelines, see “To manually validate results” on page 91.

If you display the forward - reversed and rank 1 — rank 2 scores,
differences of at least 1 and preferably 2 can indicate a good match,
especially for the lower-scoring hits.

If your goal is to maximize the number of identified proteins, do a
thorough job at this step because your validated results will be the basis
for further searches.

If you do not need to maximize the number of identified proteins, skip
this step because it can be time-consuming and may not produce a large
number of identifications.
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6 Use Tool Belt to create a saved results file of validated protein hits (*.res
file).

Be sure to indicate the database you searched since this maps to
accession numbers.

7 Search the spectra that have not been validated. Search them in variable
modifications mode against previous validated results. Search as follows
with autovalidation and manual validation between each set of conditions:

a Combine the following common modifications into a single search:
oxidized methionine (methionine sulfoxide) and pyroglutamic acid
(N-terminal).

b If you suspect phosphorylation, combine the following modifications into
a single search: phosphorylated S, phosphorylated T, and
phosphorylated Y.

¢ Search for any other modifications you suspect for your sample.

8 Search in no enzyme mode against previous validated results to find
non-specific cleavages for proteins you have already identified. (Set Digest:
to No enzyme.) Repeat autovalidation and manual validation.

9 When you think you are done, list sequence-not-validated spectra in Protein
Summary Details mode and look for proteins with multiple peptides. These
may represent legitimate proteins at low levels. Re-examine the spectra to
confirm.

10 Optional: Search again using a larger database (entire database or larger
subset). This is most important when the original subspecies is not
well-represented in the database. Autovalidate and manually validate.

11 Check statistics in Tool Belt. If there is a significant number of unmatched
filtered spectra, continue searching.

If the Tool Belt statistics show that only a small percentage of your collected MS/MS
spectra were filtered, check your data file to see if you collected a large number of MS/MS
spectra on background. If so, your MS/MS data acquisition threshold may be set too low.

12 Use Spectrum Summary to check for sequence-not-validated spectra with
sequence tags greater than 6 or 7. Review these and mark as Good Spectrum
as appropriate.

13 Subject the good spectra to de novo sequencing.

14 When you have gained enough information from your data, summarize the
results.
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First-pass data processing

This following sections describe the steps to perform the initial Spectrum Mill
processing for MS/MS data. After you are familiar with the steps in this
section and have a good understanding of the software, we recommend you try
the Easy MS/MS Search form. This form streamlines the data processing steps
by consolidating the Data Extractor, MS/MS Search, Autovalidation, and
Protein/Peptide Summary pages onto a single form that shows only the most
important parameters. For more details on Easy MS/MS Search, see the online
help for that form.

Step 1. Access the Spectrum Mill server

1 Double-click the desktop icon to launch the Spectrum Mill =

workbench. 7 \
B

2 If you do not see this icon, start your Internet Explorer web S il
browser on the client PC. Horme

3 In your browser window, type the address of the Spectrum Mill
home page. (If you don’t know the URL, ask the person who installed the
software.)

4 Ensure that you see the Spectrum Mill home page, as shown in Figure 3.
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Step 2. Prepare spectral files and transfer to Spectrum Mill server

Agilent ion trap and Q-TOF *.d, Thermo Fisher Scientific ion trap *.raw, and
Applied Biosystems/MDS Sciex QSTAR *.wiff data files require no special
preparation; you merely move or copy the files into the appropriate directory
on the Spectrum Mill server, as described below. Some other types of data files
(e.g., Waters Micromass Q-Tof) must be preprocessed on the manufacturer’s
data system to generate generic peak list files. You then copy or move peak list
files as described below.

To set up a useful directory structure

To make it easy to compare data sets, it is important that you set up the
appropriate directory structure for your files on the Spectrum Mill server.
Whenever you want to compare samples in a set, you need to set up a
subdirectory for each sample. This sample directory may contain data files
from multiple sample fractions or gel slices. Here are some examples:

¢ If you perform a two-dimensional LC/MS/MS analysis of a single sample,
transfer all the files to a single directory on the server.

e If you run the same two-dimensional LC/MS/MS analysis on a second
sample, or if you repeat the run on the first sample, transfer all these files
to a second directory.

* For differential expression quantitation experiments where you use
isotopic labels, transfer all the files to a single directory on the server. This
is because all of the versions of the peptide (light, medium, heavy) are
found in the same file.

¢ If you conduct a differential expression study where you use the absolute
abundances to perform the quantitation, transfer samples from one cell
state into one directory and the second cell state into a second directory.

To transfer Agilent ion trap and Q-TOF, Thermo Fisher Scientific ion trap, or
Applied Biosystems/MDS Sciex QSTAR data

1 In your Spectrum Mill file system on the server, navigate to the directory
msdataSM. (If you don’t know how to find your Spectrum Mill file system,
ask the person who installed your software.)

2 In the directory msdataSM, create a new subdirectory for your sample files.
Name it anything you want, but do not use spaces or parentheses in the
name.
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If you have multiple samples you wish to compare, remember to set up a
subdirectory for each sample. Ensure that each subdirectory contains all
fractions for a single sample.

You may add up to ten directory levels between msdataSM and your sample
files, but shorter path lengths reduce memory usage and speed processing
of large data sets.

3 Copy or move your *.d, *.raw, or *.wiff files to your new subdirectory or
subdirectories.

4 After you transfer data files to the server, remove any spaces or
parentheses in the data file names. Delete them or replace them with other
characters, such as underscores.

b Make sure you have both read and write permissions for each subdirectory
that contains your sample files. (To check, right-click the folder and select
Properties.) Make sure all user groups have full permissions. (Check the
Security tab.)

To prepare and transfer generic peak list files (e.g., Waters Micromass Q-Tof or
MALDI-TOF-TOF data)

1 Prepare a generic peak list file.

For Waters Micromass Q-Tof, export centroided data with the Waters
Micromass ProteinLynx package. The results are individual *.pkl or *.dta
spectral files, or appended *.pkl files that contain multiple spectra.

For MALDI-TOF-TOF, export *.mgf files.

2 In your Spectrum Mill file system on the server, navigate to the directory
msdataSM. (If you don’t know how to find your Spectrum Mill file system,
ask the person who installed your software.)

3 In the directory msdataSM, create a new subdirectory for your sample files.
Name it anything you want, but do not use spaces or parentheses in the
name.

If you have multiple samples you wish to compare, remember to set up a
subdirectory for each sample. Ensure that each subdirectory contains all
fractions for a single sample.

You may add up to ten directory levels between msdataSM and your sample
files, but shorter path lengths reduce memory usage and speed processing
of large data sets.

Spectrum Mill Workbench Application Guide



Basics for Processing MS/MS Data 1

4 If you have *.mgf files or appended *.pkKl files, where each contain multiple
spectra, copy or move them to your new subdirectory or subdirectories.
Proceed to step 6. If you have individual *.pkl or *.dta spectral files, proceed
to step 5.

5 Under your new subdirectory, create another subdirectory called cpick_in
and copy or move your files there. Note that you must use this subdirectory
name!

6 After you transfer data files to the server, remove any spaces or
parentheses in the data file names. Delete them or replace them with other
characters, such as underscores.

7 Make sure you have both read and write permissions for each subdirectory
that contains your sample files. (To check, right-click the folder and select
Properties.) Make sure all user groups have full permissions. (Check the
Security tab.)
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Step 3. Run the Data Extractor

The Spectrum Mill Data Extractor software has two fundamental types of
MS/MS data extractors: raw and generic.

The raw data extractors operate on *.d, *.raw and *.wiff files. They extract and
merge nearby MS/MS spectra from the same precursor ion. They optionally
apply MS/MS similarity criteria prior to merging scans, to avoid merging
closely eluting or co-eluting isobaric peptides. For Agilent *.d ion trap and
Thermo Fisher Scientific *.raw ion trap data, the extractors optionally merge
MS? and MS?® scans from the same precursor. The extractors assign precursor
charges where possible, centroid the MS/MS spectra, calculate spectral
features, filter MS/MS spectra by quality, and calculate extracted ion
chromatograms (EICs) for the intervening MS precursor scans. The latter are
used for quantitation.

The generic data extractor processes peak list files, such as centroided peaks
from Waters Micromass (Q-Tof) *.pkl and *.dta files. The generic data extractor
can extract most *.mgf files, such as those from MALDI-TOF-TOF. Since this
data extractor operates on exported peak list files rather than raw files, it
does not have access to chromatographic time information and mass
information contained in MS precursor scans. This limits quantitation
capabilities. Like the raw data extractor, the generic data extractor filters
MS/MS spectra by quality and calculates spectral features.

The Spectrum Mill workbench recognizes the type of MS/MS data file and
chooses the appropriate data extractor. The Data Extractor form changes
accordingly.

To preprocess Agilent ion trap or Q-TOF, Thermo Fisher Scientific ion trap, or
Applied Biosystems/MDS Sciex QSTAR data
1 Navigate to the Data Extractor page, as shown in Figure 4.

2 In the Data Directory section, click the Select... button to select the folder
that contains your files.

3 Fill in boxes similar to what is shown in Figure 4. Click the blue divider
bars for more information in the online help.
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Figure 4 Data Extractor for raw files, shown with typical settings for Agilent ion trap
data

Extract Click this button after you have set all the parameters. In addition to initiating
extraction, this button saves your settings until you close your web browser.

Save Settings  Click this button to save current extraction settings (except data directory).
Otherwise, your current settings are retained only until you close your web

browser. If you cannot save settings, make sure cookies are enabled for your
web browser.

Reset  Click this button to reset options to those that were selected the last time you
clicked the Extract button or the Save Settings button on this page.
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Data Directory

Modifications

Sequence tag
length

Merge scans
with same
precursor m/z

Similarity
merging

Merge MsZ and
Mms? spectra from
same precursor

24

Click the Select... button to select the folder that contains your data files.
Once you select a data directory, other related forms assume the same
selection. To keep this selection even after you have closed your web browser,
mark the Make Default check box in the Select Data Directory — Web Page
Dialog. If you cannot save settings, make sure cookies are enabled for your
web browser. If you fail to see some or all of your data directories, see “Tips
and Tricks” in the online help.

Click the Choose... button to select the modifications that match the
chemistry for your samples. To view details about the modifications that are
currently available on your server, click the Details button at the bottom right
of the Choose Modifications dialog. For more information about choosing
modifications, click the blue bar labeled Modifications to access the online
help. Note that your system administrator can add custom modifications.

This parameter filters out spectra that are not peptide spectra or that have
little information content. The sequence tag length represents the longest
sequence of amino acids that can be located in the spectrum. The default of >1
removes most of the noisy spectra without removing good data. Except for
MALDI spectra, keep the default since the MS/MS Search page provides an
opportunity to further restrict spectral quality. For MALDI MS/MS spectra, set
the value to -1 so that no filtering is performed.

If necessary, change the time range to be compatible with your
chromatographic data. When you extract MALDI MS/MS data, change the time
range to 2000 sec, or to the spot analysis time. Since MALDI data is not
chromatographic, you can expand the time range to ensure that you merge all
instances of the same precursor.

For complex samples, keep the default setting, with the check box marked. For
simple samples (for example, a single protein), clear the check box to improve
coverage and to detect more low-level peptides.

Select one of the options. Note that the Spectrum Mill workbench supports
merging of MS? and MS? files for both*.d and *.raw data files.
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4 Click the Extract button.

5 As the Data Extractor runs, check that you see a display similar to that
shown in Figure 5. The exact display depends upon the type of file you
extract. The Data Extractor extracts all files in the subdirectory. Extraction
time varies depending on the number and size of the files. A message
informs you when extraction is complete.

Results
1

$top Extraction PID: 208

Processing File: HEC_0000 DAnalysis. yep using
millbimtractor Sgilent Trap.cgi ...

Initislize extractor completel

Analysis Mame: HEC_0000.D

Operator Mame: Administrator

Analysis Date and Time: 04/09/2003 05:15
Sample Mame: hestshock E Coli

Method Mame: RUM M

Instrument Type | LCMED-Trap-SL

Mass Range Mode : StdMNormal

lon Polarity : Positive

lon Source Type | ManoES!, on-line
Mumber of spectra; 2748

Drata read into memary .

MS scans pre-processed.

Mearby MSMS spectra with same precursor merged.
numberPrecursorsTriggered: 1760

Precursor charges determined.

Figure b Display while the raw file Data Extractor runs

While the Data Extractor runs, you may use your client PC for other tasks.

To preprocess generic peak list files (e.g., Waters Micromass Q-Tof or
MALDI-TOF-TOF data)

1 Navigate to the Data Extractor page.

2 In the Data Directory section, click the Select... button to select the folder
that contains your files. The Data Extractor form changes to match
Figure 6.

3 Fill in boxes similar to what is shown in Figure 6. In general, you should
change only the data directory and the parameters highlighted in red text.
Click the blue divider bars for more information in the online help.
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Extract

Save Settings

Reset

Generate spectral
features file only
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Instrument

Data Directory

Agilent Spectrum Mill - Data Extractor

[Soocrum o o sowre [ o sowen [roo s Tooroo [ |
| Edtraction |

Extract Sawve Settings | Reset | e

all prior results

I_ Generate spectral features file only
Instrument: | ES| OTOF Generic =
Data Directory

Select .. |ExampIeDatalGeneric

Modifications

Choose... |F|xed: Carbamidomethylation ()

M+ [B00.0 to 40000 p,

Sequence tag length > 1 (For MALDE Set tag length to -1 and merge secs to total run time.)

Figure 6 Data Extractor for generic (peak list) files

Click this button after you have set all the parameters.

Click this button to save current page settings. (Otherwise, your current
settings are retained only until you close your web browser.) If you cannot save
settings, make sure cookies are enabled for your web browser.

Click this button to reset options to those that were selected the last time you
clicked the Extract button or the Save Settings button on this page.

Mark this check box to generate the file SpecFeatures.#.tsv, without actually
generating the extracted spectra. This option appears when you select a
directory that contains peak list files but no raw data file. When you have *.dta
files, or *.pkl files that represent individual spectra, you put your files in the
cpick_in folder, and then you must mark this check box. (When you have *.mgf
files or appended *.pkl files, where each file contains multiple spectra, then
you put your file in the root sample directory and you do not mark the check
box.)

Select the instrument type you used for the analyses.

Click the Select... button to select the folder that contains your data files.
Once you select a data directory, other related forms assume the same
selection. To keep this selection even after you have closed your web browser,
mark the Make Default check box in the Select Data Directory — Web Page
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Dialog. If you cannot save settings, make sure cookies are enabled for your
web browser. If you fail to see some or all of your data directories, see “Tips
and Tricks” in the online help.

Click the Choose... button to select the modifications that match the
chemistry for your samples. To view details about the modifications that are
currently available on your server, click the Details button at the bottom right
of the Choose Modifications dialog. For more information about choosing
modifications, click the blue bar labeled Modifications to access the online
help. Note that your system administrator can add custom modifications.

This parameter filters out spectra that are not peptide spectra or that have
little information content. The sequence tag length represents the longest
sequence of amino acids that can be located in the spectrum. The default of >1
removes most of the noisy spectra without removing good data. Except for
MALDI spectra, it is recommended to keep the default since the MS/MS Search
page provides an opportunity to further restrict spectral quality. For MALDI
MS/MS spectra, set the value to -1 so that no filtering is performed.

Click the Extract button.

5 As the Data Extractor runs, check that you see a display similar to that
shown in Figure 7. The Data Extractor extracts all files in the subdirectory.
Extraction time varies depending on the number and size of the files. A
message informs you when extraction is complete.

Results
.

Stop Extraction PID: 1004

Processing 1 appended pkl files
using millbindractorGeneric.coi ...

Figure 7 Display while the generic (peak list) Data Extractor runs

While the Data Extractor runs, you may use your client PC for other tasks.
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Step 4. Run database searches

After you have extracted the high-quality MS/MS spectra from your data files,
you are ready to search the spectra. The example shown here uses the
demonstration data from the ecoli\heatshock data directory. If you wish to
duplicate this example, then please extract the files as indicated in Figure 4 on
page 23.

1 Navigate to the MS/MS Search page, shown in Figure 8.

Agilent Spectrum Mill - MS/MS Search

w Easy MSMS | Autovalidation | Protein/Peptide Summary m Tool Belt m
Start Search Sawve Settings | Reset | Mr all prior MS/MS Search results

Data Directory

Seledt .. |ExampIeDatalAgiIent\TraplecoIilheatshock

Search Parameters

Validation filter: Ispel:trum—nDt—marked—sequence—nowalidated 'l Batch size: Iﬂ

(| Search previous hits  Max reported hits: |5_

Database: INCEHN-BCD“ 'l Digest: ITrypSin j
Species: IA” j i #mi d el g |2_

Protein pl: from lT to lW M an Required Afs: l— Disallowed AAs: l—

Modifications

Choose... |F"‘9d: Carbamidomethylation (C) Variable:

Search Criteria

Minimum scored peak intensity: IEU— o ¥ calculate reversed database scores
Instrument: | Agilent ES ion trap =] | ™ proton mobility scoring
Fids sab are: I tanoisotopic j i Dynamic peak thresholding

I Search mode: | /dentity j
Precursor mass tolerance: +- |2-5 Da = I

Product mass tolerance: +/- ID-?
Maximum ambiguous precursor charge: IE Data Files

Spectral Quality Spectrum files (./epick_in/):

" sequence tag length: IE I:3 *.pkl ﬂ
*.dta

Minimum detected peaks: I4 LI

Figure 8 MS/MS Search page
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2 If necessary, click the Select... button to select the folder that contains your
data files. (If you have just performed data extraction, the directory is
already set for you.)

3 Select a database, preferably a species subset database for the first search.
See “To create a species and protein molecular weight subset database” on
page 202.

4 To restrict your search to peptides that contain specific amino acids (e.g.,
cysteine-containing peptides for ICAT experiments), type the single-letter
abbreviation(s) for the amino acid(s) in the box for Required AAs. See the
online help for details.

5 Click the Choose... button to select the Fixed or Mix Modifications that
match the chemistry for your samples. You will choose Variable
Modifications in a later search.

To view details about the modifications that are currently available on
your server, click the Details button at the bottom right of the Choose
Modifications dialog.

For more information about choosing modifications, click the blue bar
labeled Modifications to access the online help.

Note that your system administrator can add custom modifications.

6 Select the correct instrument. Note that the fragmentation mode is part of
the instrument type, so be sure to select the appropriate fragmentation
mode within the instrument setting.

7 For Maximum ambiguous precursor charge, select the maximum charge
state that you want MS/MS Search to use when it encounters an extracted
spectrum for which the charge state is unknown. While the default of +3 is
optimized for collision-induced dissociation (CID) spectra and trypsin
digestion, it may be advantageous to select higher charge states for electron
transfer dissociation (ETD) spectra or when the proteolytic enzyme
produces longer peptides.

Make sure the Search mode is set to Identity for this round of processing.

9 Verify that the check box for Calculate reversed database scores is
marked. This setting triggers a database search against peptide sequences
in their forward and inverted directions. If you obtain similar scores for
both searches, there may be an incorrect assignment. Such a search helps to
rule out false positives.
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10 If you have ion trap data, decide whether to use Proton mobility scoring.

In most situations, you mark this check box because this scoring
refinement for ion trap data provides better results.

But do not mark the check box if you have peptides that are modified by
iTRAQ, lysine mass tagging, guanidination or phosphorylation, because
these modifications change the expected fragmentation pattern.

If you have an Agilent ion trap data file that contains spectra from both
CID and electron transfer dissociation (ETD), the software selectively
applies proton mobility scoring to CID spectra and does not apply it to
ETD spectra.

11 Mark the check box for Dynamic peak thresholding, which is a scoring
enhancement that enables identification of more low- abundance and
short-chain peptides. For each extracted spectrum, the software calculates
the search scores as the number of spectral peaks varies from n=4 up to the
maximum set by the variable peakLimitCount in instrument.txt. It then displays
the best score from the set.

12 Set the other parameters. In general, you should use default values, and
change only the parameters highlighted in red text. Click the blue divider
bars for more information in the online help.

13 Click the Start Search button.

14 As the search runs, check that you see a display similar to that shown in
Figure 9. MS/MS Search processes all files in the subdirectory. Search time
varies depending on the size of the database searched. A message informs
you when search is complete.

Results

Stop Search PID: 1744

numFiles: 6290

z #files lowm/z high m/z
] 11 350.31 442.54
81 45413 525.88
81 526.00 568.67
81 570.26 596.55
81 596.55 640.71
81 640.71 665.98
81 665.98 666,46
81 666,46 673.42
M R7T4RR N84

L I T R R

=

Figure 9 Display while MS/MS Search runs
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If your MS/MS Search terminates abnormally (for example, if you abort the search), see “To
create an MS/MS Search summary file if search terminated abnormally” on page 172.

If you accidentally run MS/MS Search with incorrect settings, mark the check box to
Remove all prior MS/MS results. Do not mark this check box if you do iterative
searches and wish to retain all results for a final summary.

Step 5. Validate the highest-quality results automatically

Validation means you accept that the database match is good. The Spectrum
Mill workbench provides two ways to validate MS/MS search results. One way
uses the Autovalidation page, and is totally automated. You use this method to
validate the highest-scoring results — those that do not require manual review.
The other method uses the Protein/Peptide Summary page for manual review
and validation.

The Spectrum Mill workbench provides a means to segregate search results
that contain a valid interpretation of an MS/MS spectrum from those that do
not. Results that are not validated can then be subjected to subsequent rounds
of searches (against other databases or in variable modifications mode, for
example). Results that are validated can be summarized in a results table.

1 Navigate to the MS/MS Autovalidation page, as shown in Figure 10. You
navigate to this page from the MS/MS Search page or the Protein/Peptide
Summary page.

2 Select the Data Directory for which you want to validate results. You may
validate twice — first in Protein details mode and second in Peptide mode.

3 Select the Protein details mode.

In this mode, the software summarizes results by protein, and considers
all the peptides that belong to a given protein.

Using the default scoring, individual peptides must have scores greater
than 6 to 12 (depending on charge state), and the cumulative protein
score must be greater than 20.

4 If the data files from a single sample occupy multiple directories, mark the
check box for Group proteins across all directories.

5 Click the Validate Files button.
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Agilent Spectrum Mill - MS/MS Autovalidation

Yalidate Files Save Settings | Feset |
Mode: IPmtEin details :I' Filter proteins by score: |2D-D r Group proteins across all directories
"' Filter by peptide pl: Low |3-U High |1U-U

Data Directories

Search result files:
Select |

*.3po =l
7

gilent'Trap litheatehock

=
Protein Rules

Fixd - Rev Score  Ranh 12 icore
Pracurior Sgar % 5P Thraahold Thraihold
Chargs Threahold Threahold v ¥

1. [z=] [po 500 [20 [0
2 [1=] o [moo 20 [0
3. [3=] o [roo [20 [0
o [a=] s [oo [z 20
5. [5x] [rzo | [roo 2.0 2.0
6. [zx] [60 [a0.0 [ro [ro

Figure 10  Autovalidation of MS/MS Search results

Ruls

6 You quickly see a validation summary that lists the hits and spectra that
have been validated.

7 Now select the Peptide mode.

In this mode, the software summarizes results by peptide. Even if it finds
only a single peptide corresponding to a protein, it validates the
corresponding search results provided that the peptide score is high
enough.

Using the default scoring, individual peptides must have scores greater
than 11 to 15 (depending on charge state). This score threshold is higher
than in the Protein details mode, where you have the additional
assurance of knowing you have identified more than one peptide per
protein.

8 If you wish to autovalidate only the peptides in a given pl range, mark the
check box for Filter by Peptide pI and type in a pl range.
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If you ran an offgel fractionation, and the data files from all pI fractions are
in the same directory, then use the Search result files filter to autovalidate
the specific file(s) for which that pl range applies.

If you wish to use the pl filter for modified peptides, ask your server administrator to first
verify that the pK of the modified amino acid is specified in smconfig.std.xml or
smconfig.custom.xml.

9

Click the Validate Files button.

10 You quickly see a validation summary that lists the new hits and spectra

that have been validated, along with those validated previously.

Step 6. (Optional) Examine the validated results

This section is optional and is included to show you how to convince yourself
that the Autovalidation page did its job correctly.

1

2
3
4

Navigate to the Protein/Peptide Summary page.
Set Mode to Peptide.
Click the Select... button to select the folder that contains your data files.

Set Validation and Sorting parameters as shown in Figure 11. These
settings filter and present all the validated data. Note that only the settings
highlighted in yellow have been changed from defaults.

Make sure the Validation preset is set to valid.

Always set the Validation preset to the setting most likely to be accurate for
the majority of the data. This minimizes manual changes later. Since the
score thresholds were set on the Autovalidation page to select the
highest-quality results, the valid setting is best for this round of processing.

Mark check boxes for the following Review Fields: Fwd-Rev score (marked
by default), Rank 1-2 score, # Cleavages, Unmatched ions. All are helpful
to evaluate data quality.
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7 Sequence I Excel export

O Sequence map I H-terminus

I” Retention time [~ C-terminus

I” Precursor miz [ Cys=teines

I precursor MH+ [ Modifications

I” Detta mass I” pEa ratios [ invert

z R Filter results by: q
Sawve Settings | Fleset | 2 ¥ Filename
I J IVﬁl‘d j ¥ Seore
Mode: | PEptide 3 v i
validation preset; [valid ¥ ¥ Fuwd Rev score
[¥ Rank 1-2 score
Sort peptides by: | Score = ¥ sp1 g
- I Select .. i i
Data directories: Filter peptides by: [ Beoaise deatuits
[~ gilentTrap . Score: |* 'I IU wser |> 7] |0 I” Rank 2 details

v
Required Afs: | 3Ny :I' Disallowed Afs: |N0ONE ¥ # Cleavages

#ar

Search result files:

*.3po

Figure 11
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=
Settings to filter and keep valid results

7 Click the Summarize button.

[” variable sites
[” start AA Position

I” peptide pl I” iTRAQ intensities

hd ™ Proteintw [~ iTRAQ ratios control: | 114 i
d I3 ions I Protein pi I Fragmentation mode
=l W [Mean x| intensity [ Species I Max tag length

¥ Accession# [~ Longest tag
W proteinname [~ # bly pairs

O Category

Once you click the Summarize button, the button is disabled until the results appear. If you
need to re-enable the button, click the Summary Settings button to reload the

Protein/Peptide Summary form.

8 Check that you see a display similar to that shown in Figure 12.

Note that the filenames are in the format Data_File_Name.aaaa.bbbb.c,

where
aaaa = first merged scan

bbbb = last merged scan

c = assigned precursor charge (0 means charge was ambiguous)

The filenames are somewhat different for Applied Biosystems/MDS Sciex data. Instead of
using filename.(firstscanindex).(lastscanindex).pkl, the Sciex extracted files use
filename.(1/10 x retention time in seconds).(lastscanindex).pkl. Since Analyst software
does not show scan numbers, this format allows you to examine the data in Analyst and

find the scan by the retention time.
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Ferform alidation Results Shown Fitered by Validation Category: valid

Data Directory:
it table read - SpecFeatures read

walid hits read from tagSummary file - Files: 366 Hits: 366

\i:'t“:;t;;‘ # Filename

@y g 1 HEC_ON4n 1857 5730
&y C g 2 HEC_0040213821380
&y C g 3 HEC_0020148814302
&y C g 4 HEC_0040192719270
@y C g 5 HEC_O020154815552
&y C g B HEC_OMOI397.14052
&y C g7 HEC_OMOIS47TA5E22
&y C g &  HEC_0020130713130
&y C g 9 HEC_0250128312880
&y O g 10 HEC_0020125912580
&y C g 1 HEC_OMO137213842
&y g 12 HEC_0020099510092
&y O g 13 HEC_0100132313320
&y g 14 HEC_00200885.02950
&y O g 15 HEC_0020139013992

Figure 12
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Score

2681

2556

2485

2483

2427

373

2351

337

2312

2295

2219

2211

97

.78

2168

Fwd-

Reu

Score

2681

2556

317

2483

1910

2023

2351

337

2312

2295

2219

1597

97

14.59

1839

Rank1-

Rank2

Score

2641

2556

2485

2463

16.44

2373

2351

2537

2342

2143

2219

168.32

19.82

1357

2168

Un-

#
Backbone matched

Cleavages
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Protein/Peptide Summary table

lons
1125

2924

0izs

4128

1124

2924

3128

3128

2128

2128

2023

1128

2924

4024

2023

Spectrum
Intensity

351e+007
1.50e+007
4.31e+007
1.20e+007
B.1%e+007
9.49e+0086
8.29e+006
2.7%e+007
3.90e+008

2.70e+007

1.7 1e+007

B.53e+008

4.49e+007
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Sequence

(K] TQLPSGSELSLYDIAPYTPGVAVDLEHIPTAVK (I)
(K} TQLPSGSELSLYDIAPVTRGVAVDLSHIPTAVE (I)
(R} SGETEDATIADLAVGTARGOIR(T)

(K} TQLPSGSELSLYDIAPVTRGVAVDLSHIPTAVE (I)

(R} TILVPIDISDSELTQRIV)

(K} DVTTGDTLCDPDAPIILER (M)

(K} DNPPQDLIDLHPHOSVETLVDRE)

(K)DTTTIIDGVGEERRTOGRIV)
(K} VLESATANARHND GADIDDLE (V)
(KIDTTTIIDGVGEERRTOGRIV)
(K} DVTTGDTLCDPDAPIILER (H)

(K} AIAQVGTISANSDETVGH (L)

(K} ACEEAREGQVVSTVHFNST GAVVIAGHK (E)

(K} TGCEVPADVARQAR (Q)

(R} GDLGVEIGDPELVGIQK (&)

MH-
Matched
(Da)
3375805
F375.805
2118056
F375.805
1799.975
2012
2460237
1845919
2210087
1845919
2012
760,902
2894 410
1284 554

1738922

Accession
#

15803770
15803770

563868
15803770
15801753
15803853
15803763
15804735
15803842
15804735
15803853
18028150
161290585
15804834

16129807

Protein Hame

malate deycrogenase

malate defydrogenase

endlase; phosphopyruvate hydrats
malate defydrogenase
hypathetical protein 2335
elongetion factor EF-2

stringent starvation protein A
chaperanin GroEL

508 ribosamal protein L22
chaperanin GroEL

elongation factor EF-2

GroEL
malanyl-Coa-{acyl-cartier-protein]
hypathetical protein 25854

pyruvate kinase |

9 To convince yourself that the results are valid, follow procedures described
in “Step 8. Manually review and validate results” on page 39. Change the
validation preset (under the Validation category header in the summary
table) back to reset (R) if you find results that do not meet your quality
standards.

10 If you change any Validation category back to reset, click the Perform
Validation button at the end of your data review session. This makes your

changes a permanent part of the data record.
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Step 7. Display medium-quality results in preparation for manual
validation

1 Navigate to the Protein/Peptide Summary page. If this page is already open,

click the Summary Settings button to display the parameter settings at the
bottom of the page.

2 Make sure Mode is set to Peptide.

3 If your data directory is not selected, click the Select... button to select the
folder that contains your data files.

4 Set parameters for Validation and Sorting as shown in Figure 13. These
settings locate medium-to-lower quality results that have not yet been
validated. Note that only the settings that are highlighted in yellow have
been changed from defaults. See the following steps for more details.

Summarize Results for Review Validation and Sorting Review Fields
li Filter results by: 5
Save Setlmgs | Feszet | Ly ¥ Filename ~ Sequence ™ Excel export

I J I sequence-notvalidated ﬂ ¥ Score I sequence map [ H-terminus
Mode: | Peptide e v i i : :
2re Validation preset: | eset vl ¥ Fwd-Rev score " Retention time [ C-terminus
IS J ¥ Rank 1-2 score I Precursor miz [ Cysteines
i core )
G :“:tn pepln:l:s by I sP1 )  precursor mh- [ Modifications
SRR GRS literipeptides by: I Reverse details I Detta mass [ pE@ ratios [ Invert
~ gilentTrapiecoli score: 7] [6 wepr [> ] 500 I” Rank 2 details [“peptidepl [ iTRAQ intensities
Required Ads: I any j' Disallowed Ads: |NONE j' ¥ # Cleavages " PrateinMwW  [7/iTRAQ ratios control: I 1142
ion #'s: = ¥ unmatched ions I Protein pl [” Fragmentation mode

Search result files: =] | ™ IMean T intensity I species I™ Max tag length

* . spo -] [ Variable sites ¥ mecession# [ Longest tag

[ Start AmPosition ™ Protein name [~ #biy pairs
m| Category

| -
Figure 13  Settings for medium-quality results

5 Use the following guidelines for setting the Filter peptides by parameters:

If you have ion trap data, for the Score settings, see the guidelines in
Table 1.

If you have Agilent Q-TOF data, set the Score to 5. Because the mass
accuracy is better than with ion trap data, you search with a narrower
mass tolerance, so there is a better chance that lower-scoring results are
valid.
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% SPI (Scored Peak Intensity) is the percentage of the MS/MS
peak-detected spectral ion current explained by the search
interpretation. For ion trap spectra, % SPI below 70 (or 60 for
doubly-charged precursor ions) are more likely to represent poor
interpretations, so do not set lower values. For Agilent Q-TOF spectra,
% SPI below 60 may represent poor interpretations.

If you want to limit your data review, set the Filter peptides by
parameters to higher values to filter out the poorer-quality results.

Table 1  Guidelines for validating ion trap results based on MS/MS Search scores

Peptide Quality Peptide Likelihood of valid interpretation

score fragmentation

13-25 Excellent Extensive When combined with % SPI of 70 or
greater, very likely to be valid

9-13 Good Substantial When combined with % SPI of 70 or
greater, likely to be valid

6-9 Mediocre Moderate Review results to determine whether
interpretation is valid

3-6 Weak Sparse Not likely to be valid

6 Set the Validation preset in a way that minimizes manual changes later:

If you have ion trap data and you set Filter peptides by to a score of 9 or
greater, select valid.

If you have ion trap data and you set Filter peptides by to a value less
than 9, select reset.

If you have Agilent Q-TOF data and you set Filter peptides by to a score
of 7 or greater, select valid.

If you have Agilent Q-TOF data and you set Filter peptides by to a value
less than 7, select reset.

7 In the Review Fields:
a Mark the check box for Rank 1-2 score. Verify that the check box for

Fwd-Rev score is also marked. These parameters help you rule out false
positives. Small differences between forward and reversed scores, or
between rank 1 and rank 2 scores, may indicate an incorrect
identification.
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b Mark the check box for # Cleavages, which is the number of cleavages of
the amino acid backbone that are represented in the spectrum for the
assigned sequence. For CID spectra, these cleavages include the b- and
y-fragments, and for ETD spectra, they include the c- and z-fragments.
Other ions, such as neutral losses from b and y ions, are not included.

¢ If you used Dynamic peak thresholding in the search, mark the check
box for Unmatched ions. These results tell you both the number of
unmatched ions and the number of ions that were included in the search
score that you see in the report. If the latter number is less than 15,
check that the peptide is either short or in low abundance. If not, be
suspicious of the results.

In the Review Fields, if you mark the check box for Peptide pl, then under Validation and
Sorting, you have the option to display only peptides that meet your pl criteria. This feature
is useful if you need to validate peptides from offgel fractionation.

If you wish to use the pl filter for modified peptides, ask your server administrator to first
verify that the pK of the modified amino acid is specified in smconfig.std.xml or
smconfig.custom.xml.

8 Click the Summarize button.

Once you click the Summarize button, the button is disabled until the results appear. If you
need to re-enable the button, click the Summary Settings button to reload the
Protein/Peptide Summary form.

9 Check that you see a display similar to that shown in Figure 14 on page 39.
Note that in this example, where the score threshold was set to only 6,
results have been categorized as R for reset. These results require manual
review to avoid the risk of false positives.

10 Manually review the results, as described in the next section.
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Step 8. Manually review and validate results

1 Depending on how you set validation and filtering parameters, you will
want to manually review some or all of the results. Start by examining the
overall results, as shown in Figure 14.

Agilent Spectrum Mill - Protein/Peptide Summary

| spectrum Minl | summary settings [ autovalidation | asy MsmMs [ Msms search | spectrum summary | Buitd TiC | Tool Bett [ Help |
Perfarm Validation Results Shown Filtered by

Data Directory:

ITr

hit table read - SpecFeatures read
all hits read from tagSummary fii
original hits subset determined Files: 1051 Hits: 567

Validation

category

Oy
Ty
Ty
Ty
oy
v
Oy
Ll
[oY
Cy
Oy

(o)

oo Ilc BC- B C e JO BC SO O |
M W A A A A A A=

#

Figure 14
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Filename:

HEC_0040.2479.24790
HEC_0040 2269 22690
HEC_00401888.1903 0
HEC_0040.2389.2389.0
HEC_0020 2484 2484 0
HEC_0040 2454.2464.0
HEC_0100.1473.1473.0
HEC_0060.1487.1497.0
HEC_0040.2150.2161.0
HEC_0040.2453.2453.0

HEC_0010.1660.1672.0

F

3

Seore

1566

1499

1498

1359

1351

12.80

12,71

12,61

1258

1231

1230

Fwd-  Rank1-
Rev  Rank2
Score  Score
1566 1566
1488 1488
1067 1488
13.59 13.58
13.51 1351
1280 1280
510 417
12,61 8.85
1258 1258
12.31 123
12.30 8.54

Peptide mode display

Category:

1
i)
B33
BE.T
B30
687
BTG
633
870
616
559
607
673

# Un-
Backbone matched
Cleavages

lons

9r25

M i2s5

824

9125

9125

10022

grz21

12125

11425

11125

11125

Spectrum
Intensity

£ 26e+006
9.32e+006
2 BBe+007
7 85e+006
1 08e+007
7 A4e+006
4 41e+006
6.37e+006
1.86e+007
4.55e+006

1.34e+007

Sequence

{K) TOLPSGEELELYD TANYTPGYAVDLEHT PTAVE (T}
{K) TOLPSGEELELYD IANYTPGYAVDLEHT PTAVE (T}
{K) TOLPSGEELELYD IANYTPGYAVDLEHT PTAVE (T}
{K) TOLDSCEELELYD IANVTPCVAVD LEHT PTAVE (T )
{K) ANDAACDCTTTATULAQATITEGLE (A)

{K) TQLPEGEELELYD IAPYTPGVAVDLEHIPTAVE (I}
{K) EQGLTPVLCIGETEAENEAGKTEEVCAR (0}
{R)DIALTIPNLPADEVPVGKDENDHVEVSR (1)

{K) TOLPSGSELELTD IAPYTPGYAVD LEHI PTAVK (1)
{K) TOLPSGSELSLYDIANYTPGYAVDLSHIPTAVE (I}

{K)DIQLATPPQVGAPATEYARLARLE (&)

MH-
Matched

(Da)
3375805
3375805
3375805
3375805
2402241
3375805
3090.435
3019.522
3375805
3375805

2467 306

Accession

15803770

15803770

15803770

15803770

15804735

15803770

15604508

15600736

15803770

15803770

16130803

Protein Hame

malate dehydrogenase
malate dehydrogenase
malate dehynrogenase
malate dehydragenase
chaperanin GraEL

malate dehydrogenase
trivsephosphate isomerase
servl-ARMA synthetase
malate debydrogenase
malate debydrogenase

diycine decarboxylase, PLP.

2 To review spectra, click links as described on the next few pages. As you
encounter valid interpretations, select the V under the Validation category
heading to change the validation state to valid. For guidelines on how to
decide whether a database match is reasonable, see “To manually validate

results” on page 91.

When you are satisfied that the validation states are set correctly, click the
Perform Validation button. This saves your validation states for further

reference.

Note that you quickly see lists of validated hits and spectra. These are
cumulative and include both the new hits and spectra you just validated, as
well as those you validated previously via autovalidation or manual
validation.
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If you find you have designated valid results in error, and you have already clicked the
Perform Validation button, you can reverse the action. Change the validation state(s) and

click the Perform Validation button again.

To compare theoretical and experimental spectra

Your primary review tool is the Spectrum Viewer. In many cases, this gives you
all the information you need to evaluate database search results. To display
the Spectrum Viewer (shown in Figure 15), click a link under the # or SPI

headers.

¢ If you click a link under the # header, the spectrum is displayed at the

bottom of the page.

e If you click a link under the SPI header, the spectrum is displayed in a new

window.

¢ For details on use of the Spectrum Viewer, see “To use the Spectrum

Viewer” on page 87 of Chapter 2.

The Spectrum Viewer shows your extracted spectrum annotated with
theoretical fragments from the top database search result.
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Figure 15
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To view MIS/MS Search results

If you want more detailed information than is presented in the Spectrum
Viewer, you view the MS/MS search details, as shown in Figure 16.

1 To view these details, click a link under the Filename header shown in
Figure 14. Note that you may need to use your mouse to move the white
page divider to see more than the spectrum.

2 Examine the MS/MS Search results, where you see up to five database hits
with their scores, as well as the species for each protein. (While five is the
default, you can increase the number of displayed hits with the Max
reported hits setting on the MS/MS Search page.)

3 Scroll through the Detailed Results to see how the ions were assigned for
each of the database hits.

The final Score from the database search is the sum of the scores for
each of the ions. (The unassigned ions subtract from the score.)

The % SPI is the sum of the fractional intensities — Frac.Inten. (% of
TIC) — for each of the assigned fragment ions.

For phosphorylated peptides, the Rank 2, Rank 3, etc. hits may show
other forms of the phosphopeptide where the modification is on other
sites. Examine the ions that constitute the evidence for those locations to
judge which is the best interpretation. If there is ambiguity in the
location of the modification, the various hits have similar scores.
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MS/MS Search Results

Sample ID (comment). HEG_D040.0809.0809.2.pkl

Search Time: 0 secs /1 searches, 0.000 secs/search Parameters used in Search
Database searched: HCBInr.ecoli

Mumber of entries from database used for search a3 limited by results in original SPO file: 1

Mumber of sequences passing through parert mass fiter: 2

MSMS Search search selects 1 entry

Parent mass: 652.5600+2 (+/- 2.5000 Da}

Result Summary

# MH- MH- MH- Protein

Rank Score (5;)' BCS i Error  Error  MWipl Species Ame;sm" Protein Hame

lons (Da) (0a)  (ppm) {Da}
1 1480 #33 9 6721 ()TOVHHAVSVDEK(D} 130365 0.4628 3550 35103.8/5.74 Escherichia coli O157H7EDLS33 15802230  PTS enzyme 48, mannose-specific

Detailed Results

# MH- MH-  MH Protein . .
Rank Score ;:; BCS Calculated  Error  Error MWl Species Actcasioy '\"If'f;ﬂ?‘ Protein Hamne

lons (08} (©a) (ppm) (D@
1 1380 #33 9 621 ()T Q/VIN/NFRIVIS/VIDNE K (D) 130365 04628 3560 351038/5.74 Escherichiacol O157HTEDLO3S 15802230 6956  PTS enzyme IAB, mannoss-specific

Fragment-ion (miz} |329.25 | 391.22 |490.35 |540.10 ‘565.18 §77.25 |596.27 |625.62 |627.97 |G63I7.T5 | 64110 |676.42 | 69237 |710.30 |727.16 \747.47 |661.22 | 913.51 |976.39 |1028.32 |1074.54

Frac. Inten.(% of TIC)} 352 4.02 173 299 m 1530 4.44 262 182 1897 192 725 3.0 7B2 374 4.49 353 229 918 1.75 14.04
Rel. Inten.(% of BP) 2303 | 2627 1133 | 1955 1311 (10000 | 2900 1710 1192 | 1286 1253 | 4741 24 86 49380 | 2444 2933 2308 | 14896 5991 11 44 178
Score 114 0as 125 078 -013 1435 -028 017 151 -013 013 088 -025 LRE] 108 1.02 108 1.30 1.07 1.55 059
lon-type by ¥ ¥i |bghHy ¥s bg ¥e br-NHy by bl ¥ by ¥ b Yuo
Delta Da o7 0.04 010 <014 -003 -0.34 oo7 -005 | 02 0.08 -0.21 0.04 -0.08 -0.18 -0.00
Reset
Y3
4.46e Yo Back
100, %
¥,
By H, H
Grow
023 ¥,
b, ¥, a2 7 ¥
3 3 y, bt | joe ‘ 1 5, . Shrink
4 1
|| il b |11 I
400 600 800 1000
Mass (miz) Labels

Figure 16  MS/MS Search results

4 Click additional links shown in the MS/MS Search results in Figure 16:

* To view an MS Product listing that shows all theoretical fragment ions, click
an amino acid sequence.

¢ To view information in the database you searched, click an accession
number in the MS/MS Search report.

¢ To view MS Digest results that show peptide masses from a theoretical
digestion, click an MS Digest index number in the MS/MS Search report.
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At this point you summarize all the valid results.

1 If you have been using links to examine the data, click the Summary
Settings button to display the settings at the bottom of the page.

2 Make sure that your data folder is still selected. (Note that if the Validation
preset is set to none, some data display modes permit selection of multiple

directories.)

3 Select the data display mode that organizes data in the best way for your
study. Use the following table as a guide.

Note that display modes determine which other options are available.

Table 2

Protein/Peptide Summary Modes

1

If you want to: And you want results

organized by:

Then use this mode:

Example application

Validate results Peptides

Proteins, then peptides

Samples, then proteins,

then peptides

Summarize results
by proteins

Proteins only

Proteins, then samples

Proteins, then
redundant hits

Proteins, then peptides

Peptide

Protein Summary
Details

Protein-Sample
Centric Rows Details

Protein Summary

Protein-Protein
Comparison Columns

Protein-Protein
Comparison
Redundant

Protein Summary
Details

Manual review and validation of MS/MS search
results, organized by peptide

Manual review and validation of MS/MS search
results, organized by protein

Manual review and validation of MS/MS search
results, organized by sample

List of all proteins identified in the data

Compare two or more samples, each of which
may contain multiple fractions. Each sample
(with all fractions) is organized in a separate
directory.

Same as immediately above, with additional
detail on isoforms of proteins

View proteins, with supporting peptide details

Spectrum Mill Workbench Application Guide
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Table2  Protein/Peptide Summary Modes

If you want to:

And you want results
organized by:

Then use this mode:

Example application

Summarize results
by samples

Summarize results
by peptides

View a list of
proteins identified
via a single peptide

Samples, then proteins

Samples, then proteins,

then peptides
Peptides only

Peptides, then samples

Peptides, then samples

Peptides only

Protein-Sample
Centric Rows

Protein-Sample
Centric Rows Details

Peptide

Protein-Peptide
Distribution Columns

Protein-Peptide
Comparison Columns

Protein-Single
Peptide ID

View proteins from multiple 2D gel spots
organized in a single directory

Same as immediately above, with supporting
peptide details

List of all peptides identified in the data

Method development (evaluation of 2D
LC/MS/MS or other fractionation scheme)

Evaluation of fractionation scheme (provides
more information and easier export to Excel)

Examination of results where a single peptide
was used to generate a protein identification

a4

4 In some modes, you have the option to display results by file or directory.
Decide how you want to display data and select the Group results by option

accordingly.

If you want to summarize all data files in the directory as a single
sample, select Directory. This is useful when the samples in your
directory are salt fractions from a 2D LC/MS/MS analysis or spots from a
2D gel, and you want to summarize fractions or spots as a single sample.

If you want to display results individually for each sample in the
directory, select File.

5 Set the remaining parameters as shown in Figure 17, or use your
customized settings. See the text below for additional information. Note
that in Figure 17, only the settings highlighted in yellow have been changed

from defaults.
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Summarize Results for Review Validation and Sorting Review Fields
Save Sefiings | Reset | Fi“e'. je=hitetn I Filename: [ proteinMw [ Excel export
I J IVﬁ“d j ¥ Score ™ Protein pl ™ DEQ ratios [ Invert

. | Protein - Protein Comparison Columns = - i - :
Mode: ¥ |Mean | intensity I” species " iTRAQ ratios control: r
Groupresulte by: © File * Directory = W Aceession# [~ Category

Protein grouping method: I‘I shared peptide j ¥ Protein name

. . Select. | I I
Data directories: Sort proteins by: Score -
2 gilent'Trap tshock Filter by protein score: IEI 1

I gilentiTrap!

Filter peptides by:

Search result files:

*.spO

Score: m g % SPI: m g
=] Required AAs: Iﬁny 'I Disallowed Afs: I"‘DnE j'

Accession st

E
[

[

Figure 17  Example of settings to summarize all valid results

Intensity

Excel export

DEQ ratios

Mark this check box to calculate and include protein intensities. The software
calculates the intensities from the extracted ion chromatograms of the
precursor ions for each peptide. Depending upon your selection, the software
then calculates either a mean or total intensity for the peptides that make up
the protein. Studies have shown that the total intensity provides more
accurate quantitation than the mean intensity.

Mark this check box to export data to Excel or LIMS.

Mark to display ratios for differential expression quantitation, such as
light/heavy ratios for ICAT reagents or other reagents that use isotopic labels.
See “To calculate DEQ ratios for isotopic labels using the Protein/Peptide
Summary page” on page 134 of Chapter 5.

6 Click the Summarize button.

7 Check that you see a summary display.

The display shown in Figure 18 was generated with the settings shown in
Figure 17. The score and % SPI filters were set to zero to capture all data
marked valid.

The example in Figure 18 includes two E. coli samples — a “heatshock”
(stressed) sample and a “wild” (control) sample. The summary results allow
you to compare the proteins in the two samples, to see which are
up-regulated and which are down-regulated in the stressed cells.
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The color-code in the left columns represents the relative protein
concentrations. Dark red (not shown) is highest, orange is intermediate,
and yellow is lowest. The top number in each cell is the number of peptides
detected for each protein, while the bottom number is the mean peptide
intensity. The mean peptide intensity is an average of the intensities for all
the peptides assigned to that protein. The peptide intensities are calculated
from extracted ion chromatograms from the precursor ions.

These intensity results are sufficient for studies where you are interested in
sample differences of two-fold or more.

Agilent Spectrum Mill - Protein/Peptide Summarny

Spectrum Mill | Summary Settings | Autovalidation Ww Spectrum Summary | Build TIC | Tool Belt m

Results Shown Filtered by Validation Category: valid
Data Directonys gil T i
hit table read - SpecFeatures readd
walid hits resd from tagSummary file - Files: 367 Hite: 2515
Data Directonys gil Trap. iwril
hit table read - SpecFeatures readd
walid hits resd from tagSummary file - Files: 508 Hits: 3230
beginning to assemble proteins ... proteins assembled 09375 sec
proteins fitered by unique peptides 032199 sec
proteins fitered by score
calculated protein coverage maps 0.894721 sec
beginning to roll up proteins into groups proteins rolled up irto groups 0.701654 sec
protein groups ready for display
proteinGroupingkethod: oneSharedPeptide
Mean intensity: sum of intensity for all spectra of peptides belonging to protein £ # spectra

Distinet
gilent/Tr: i gilent/Trap. Protein wan | Distinot L ——
#spectra ¥ spectra MW Accession Peptides P Protein Hame
mean intensity mean intensity (Da} Coverage ) et #

Search

Score
1" 16
1 Bfe+007 6 .652+006 B91153 | 15799694 2 8 12804 1 | molecular chaperone DnaKj
95 19 lﬁ
i e 573572 | 45BGE198| 18 7 1:81| 5, | [GroEL
21 3T Iﬁ
31564007 Ea 445506 | 26240035 25 7 1565 | 4y elongation factar Tu =
15 22 l—_'
33904007 45007 TTSE1T | 15803653 e} 3 LEEE elongation factor EF-2 ¥
g bl
e e 569769 | 15804515 | 13 5 aosn| o, | [olycerol kinase -]
& il -
2 31e+007 B .26e+005 800963 | 15804539 12 5 83| oy |2x | catalase; hydroperoxidase HPI() ﬂ
26 45 lﬁ
2 6984007 1 007 FWosTT | domoany | 2 2 6976 | ;4 | |malate dehydrogenase ¥
[ 12
4124007 1 E2e4007 H0906 | 15603363 20 4 B6.47 81 IE—kEtD—4—dEnyuanale Isomerase j
13 12 : .
5.12e+007 1 4Ge+007 207615 | 15800320 34 4 60.44 a1 | allkyl hydroperoxide reductase, C22 subunit det
2 5 e =
2 07e+007 1 B2e+007 357428 | 15802706 16 3 59.068 101 | galactose-hinding transpor protein: receptor for
1 : [505 ribosomal protein L1 -]
2 5724006 3.536+005 247205 | 15804574 21 4 5813 1 505 ribosomal protein L1
4 3 =
2 29e+007 1 AZe+007 432550 | 26240330 16 4 56.33 121 phosphoglycerate kinase *
5 ]
3 07e+007 1 0R=+007 222841 | 15802263 44 4 5561 131 | keto-hydroxyglutarate-aldolas s/keto-deox-phi

Figure 18  Summary of valid results

46

Spectrum Mill Workbench Application Guide



Basics for Processing MS/MS Data 1

8 To import data into Excel or LIMS:
Mark the Excel Export check box.
b Click the Summarize button.

¢ Check that you see a display with two buttons, as in Figure 19. At this
point, a new file with extension *.ssv has been created. You can import
this file into Excel or upload it to a LIMS system (if configured by your
system administrator), or display it on your screen.

d Do one of the following:
To import the data into Excel, import as semicolon-delimited data.

To upload to LIMS, see the Server Administration online help.

Agilent Spectrum Mill - Protein/Peptide Summary

w Summary Settings | Autovalidation | Easy MSMS m Spectrum Summary | Build TIC | Tool Belt m

Preparing results for Excel Export.......

Data Directory: dataSM'E gilent'Trap litheatsh

hit table read - SpecFestures read

walid hits read from tagSummary file - Files: 367 Hits: 2515

Data Directory: dataSM'E gilent'Trap liwvild

hit table read - SpecFestures read

walid hits resd from tagSummary file - Files: 503 Hits: 3230

beginning to assemble proteins .. proteins sssembled 0953125 sec

proteins fittered by unigue peptides 0.330259 sec

proteins fitered by score

calculsted protein coverage maps 0933392 sec

beginning to roll up proteins into groups ... . proteins rolled up into groups 0.732985 sec
protein groups resdy for display

proteinGroupinghethod: oneSharedPeptide

Output File crested medataSMExampleData\Bailent\Traplecolihestzhock'proteinProteinCentricColumnsExport 1 53y
weriting results ...

Upload Path: WPAWVILION dataSM'E gilent'Trap'ecolitheatshock'\proteinProteinCentricColumnsExport.1.ssv
Upload File to LIMS Display Created File Below

Figure 19  Display when you mark the Excel export check box

9 To print results, use your browser’s print function:

a If you have not already done so, enable Print background colors and
images in Internet Explorer. Select Tools > Internet Options.... Click the
Advanced tab and mark the check box for Print background colors and
images.

b Do one of the following:

In Internet Explorer (IE) 6.0, select File > Page Setup... and set the page
to landscape mode.
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In IE 7.0, click the arrow to the right of the printer icon, select Page
Setup... and set the page to landscape mode.

¢ Click in the frame you wish to print.
d Do one of the following:
In IE 6.0, select File > Print Preview....

In IE 7.0, click the arrow to the right of the printer icon and select Print
Preview....

e At the top of the Print Preview window, select Only the selected frame.
f Click the Print... button.
10 If you wish to further process your data, continue to the next section.

To export results into HTML or PowerPoint files, see the Frequently Asked Questions
section of the online help.
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Optional data processing to extract additional information

After you complete the first-pass processing described in the previous section,
you may carry out additional processing steps. If you are doing the additional
processing for the first time, read the overview that follows. If you are already
familiar with the overview, skip to “To create a file of previously validated
results” on page 52.

Overview

The Spectrum Mill workbench retains a cumulative summary of valid results,
so if you elect to further process and validate the data, the software keeps
track of all validation states for you. At the end, you can generate a report that
contains everything you have validated through multiple interpretation/
review/validation steps.

To segregate the valid search results, the software keeps track of both the
validation states of the spectra and their interpretations in a coordinated way.
Furthermore, it permits spectra to be segregated according to quality (via
Spectrum Summary) without regard to the validation states of their database
interpretations. Because the software keeps track of which spectra you have
segregated as “good” and which database interpretations you have designated
as “valid,” you can intelligently apply processing steps to segregated groups of
spectra. For example, you can:

* Restrict further database searches to spectra that do not yet have a valid
interpretation

¢ Restrict further database searches to only “good” spectra that do not yet
have a valid interpretation

¢ Summarize only the valid results
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Steps for optional processing

The optional data processing steps are generalized in Figure 1, “Roadmap to
process MS/MS data,” on page 13. Which steps you choose depends upon your
sample, the available information in the databases you search, and how
important it is to extract all available information from a sample set. The
possibilities are:

Search previous hits in variable modifications mode for oxidized
methionine and pyroglutamic acid and review/validate results.

If you suspect additional modifications (e.g., phosphorylation or
carbamylation), search previous hits in variable modifications mode for
those modifications and review/validate results. (Note: You may break the
modifications into groups and repeat this step as often as necessary to
cover all the modifications you suspect.)

Search previous hits in no-enzyme mode and review/validate results.
Search a larger database in identity mode and review/validate results.
Search previous hits in homology mode and review/validate results.
Check for remaining high-quality spectra.

Create a final results summary.

Perform Sherenga de novo sequencing on remaining high quality spectra
and review results.

Search modes

The following modes are available for MS/MS Search:

Identity: Matches MS/MS spectra to sequences directly created from the
databases (no modifications)

Variable modifications: Searches for variable modifications you have
selected. This mode tests all permutations of the combined set of
modifications, within the limits of the precursor mass shift that you specify.

Homology - All mutations: Searches for matches that are consistent with a
single amino acid substitution. The substitution does not need to be one
that would result from a point mutation. If you have selected variable
modifications for an amino acid, they are also tested. The search also
matches to sequences of unmodified peptides.
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¢ Homology - Single base pair mutations: Searches for matches that are
consistent with a single amino acid substitution that would result from a
point mutation (single base substitution within a codon). If you have
selected variable modifications for an amino acid, they are also tested. The
search also matches to sequences of unmodified peptides.

¢ For the two homology modes, you can enable a search that allows an
Unassigned single mass gap. You can use this type of search to identify
unknown or unexpected modifications. This search also matches to
sequences of unmodified peptides. If you enable this mode, you cannot
search for variable modifications in the same search.

Types of databases

You can perform a variable modifications or homology mode search against a
full database, a species-specific subset database, or a small database of
proteins that have already been identified in your sample. To create a
species-specific subset database, see “To create a species and protein
molecular weight subset database” on page 202. To create a small database of
proteins that have already been identified, see “To create a file of previously
validated results” on page 52. The broader the database search, the longer the
search time. A search of previous hits is the most efficient.

If you search species-subset databases, you may want to perform more than
one variable modifications or homology mode search. For example, if you
study proteins from a rare species, you may want to search first a
species-specific subset database and second a more general subset database.
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To create a file of previously validated results

1 Navigate to the Tool Belt page and click Create saved results file.
Here, you will create a file of validated hits from your previous search
results. You will later search this hit list in variable modifications or
homology mode, or in no-enzyme mode.

2 Select your data directory and the database you searched. See Figure 20.

Agilent Spectrum Mill - Tool Belt Wilities
w Easy MSMS mm Protein/Peptide Summary | Spectrum Summary @

Select a Tool:

e Stop process & Spectral collector

& Create saved results file " List modifications details
e Create MS/MS search summary file & Create iTraq correction factors

e View parameter table & Apply iTraq correction factors

" View MS/MS search statistics
Create Saved Results File
Create a saved results file from validated rank 1 hits (small subset to guickly search previous hits with MSMS Search)

Create File
Database: | MCBInrecoli -
Data Directory

Select ... | gilentTraplecolitheatsh

Figure 20  Utility to create a saved results file

3 Click the Create File button.
4 Check that you see a display similar to that shown in Figure 21.

database: NCBInr.ecoli input pragram: M5-Tag

QutputResFilename: NCBInr.ecolires
numialidHits: 850

numindicies: 850
numMonRedundantindicies: 126
numAccessionMumbers: 850

numMonRedundanttccessionMumbers: 126
created file FASpectrumidilimsdataSMiExampleDatatsgilentiTraplecalitheatshockiresults_mstag\WCBInr.ecalires

Figure 21  Display during creation of saved results file
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Another way to create the file of previously validated results

The above steps show how to create a file of previously validated hits by using
the Tool Belt page. Alternatively, you can create the file automatically from the
MS/MS Search page. When you mark the check box to Search previous hits in
MS/MS Search, if you have not created a saved results file, then the search
page automatically creates one for you. (On the form, be sure to select the
database that you searched previously.)
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To search in variable modifications or homology modes

1 Navigate to the MS/MS Search page, as shown in Figure 22.

Agilent Spectrum Mill - MSMS Search

w Easy MSMS | Autovalidation | Protein/Peptide Summary m Tool Belt m
I Start Search Sawve Settings | Reset | Mr all prior MSMS Search results

Data Directory

Select.. |ExampleData\AgiIent\Trap\ecoli\heatshock

Search Parameters

Validation filtter: Ispectrum—not—marked—sequence—natdvalidated 'l Batch size: lﬂ

d Search previous hits  Max reported hits: |5_

Database: | MCEInrecali 'l Digest: |Trypsin j
Species: IA” j i # mi d el g9 |2_

Protein pi: fromlW ‘“W N an Required Afs: l— Disallowed AAs: I_

Choose... |F"‘9d: Carbamidomethylation (C) Variable: (o 7 ex methionine (v)
Pyroglutamic acid (M-term@)

Search Criteria

Matching Tolerances Search Mode
Minimum scored peak intensity: IED L e reversed database scores
instrument: | Agilent ES! ion trap =] | ™ Proton mobiity scoring

Masses are: I Monoisotopic j Dynamic peak thresholding

Precursor mass tolerance: +i- |2-5 IDa j' Eemchmade: IVElI’IElb\B mogiEelion: j
Product mass tolerance: +/ ID_I-,.- Precursor mags shift range: I"I 8.0 to I‘I 770 Da

Maximum ambiguous precursor charge: IE Data Files

Spectral Quality Spectrum files (./cpick_in/):

[ Sequence tag length: IE I3 *.pkl ﬂ
*.dta

Minimum detected peaks: I4 LI

Figure 22 MS/MS Search form, set up for variable modifications mode search

2 Click the Select... button to choose the data directory where your files

reside.

3 Set the Validation filter to spectrum-not-marked-sequence-not-validated.

4 If you want to search the file of validated results that you created in the

previous section, mark the check box next to Search previous hits.

Spectrum Mill Workbench Application Guide



Basics for Processing MS/MS Data 1

5 Select a database. If you want to search a species-specific subset database,
select the database name for a subset database you previously created. If
you have not yet created a species subset database, see “To create a species
and protein molecular weight subset database” on page 202.

6 To restrict your search to peptides that contain specific amino acids (e.g.,
cysteine-containing peptides for ICAT experiments), type the single-letter
abbreviation(s) for the amino acid(s) in the box for Required A As. See the
online help for details.

7 Click the Choose... button to select the same Fixed or Mix Modifications
that you selected for the previous identity mode search. Add any Variable
Modifications that you wish to search.

To view details about the modifications that are currently available on
your server, click the Details button at the bottom right of the Choose
Modifications dialog.

For more information about choosing modifications, click the blue bar
labeled Modifications to access the online help.

Note that your system administrator can add custom modifications.
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You can combine multiple variable modifications into a single search, but as the number of
permutations increases, the chance of false positives and the search time increases as
well, so it is best to limit the number of variable modification to two to three per search.

However, if you have already validated results from an identity-mode search, create a file of
validated hits (see page 52), and search against this file. This file is like a mini-database of
validated protein hits. It allows you to increase the complexity of the search without
significantly increasing the search time. It also greatly reduces the chance of false positive
matches.

You can combine the following common modifications into a single search: oxidized
methionine (methionine sulfoxide) and pyroglutamic acid.

If you suspect phosphorylation, combine the following modifications into a single search:
phosphorylated S, phosphorylated T, and phosphorylated Y.

Note that you can search only a single type of variable modification for a given amino acid.
For example, you cannot select both guanidination and carbamylation of lysine as variable
modifications within the same search. Metabolic modifications such as SILAC and N15-mix
are the exception, where you can select an additional fixed or variable modification that
applies to the same amino acid. For example, if the SILAC modifies K, you can still select
carbamylated lysine.

8 Select the correct instrument. Note that the fragmentation mode is part of
the instrument type, so be sure to select the appropriate fragmentation
mode within the instrument setting.

9 For Search mode, select the Variable modifications mode or one of the
homology modes for this round of processing. Use the following as a guide:

To search the variable modification(s) that you chose in step 7, select the
Variable modifications mode. Set the Precursor mass shift range to a
value that is appropriate for the types and numbers of modification(s)
that you are searching. Larger values may produce longer searches and
increase the possibility of false positives.

To search for matches that are consistent with a single amino acid
substitution that would result from a point mutation (single base
substitution within a codon), select Homology - Single base pair
mutations. This mode also searches for any variable modifications you
have selected.
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To search for matches that are consistent with a single amino acid
substitution, where the substitution does not need to be one that would
result from a point mutation, select Homology - All mutations. This
mode also searches for any variable modifications you have selected.

To search for an unknown or unexpected modification, select one of the
homology modes described above, then click Unassigned single mass
gap. This search looks for an unexpected modification (a mass gap) or an
amino acid substitution (but not both within the same peptide). Note
that you cannot simultaneously search variable modifications in this
mode.

If you attempt a homology or variable modifications search against a large database, the
search will take a very long time and the chance of random matches will increase. If at all
possible, conduct a homology and variable modifications search against a file of previously
validated hits. See “To create a file of previously validated results” on page 52. If that is not
possible, reduce the Maximum # missed cleavages to 1.

10 To help to rule out false positives when you perform data review, verify that
the check box for Calculate reversed database scores is marked.

11 If you have ion trap data, decide whether to use Proton mobility scoring.

In most situations, you mark this check box because this scoring
refinement for ion trap data provides better results.

But do not mark the check box if you have peptides that are modified by
iTRAQ, lysine mass tagging, guanidination or phosphorylation, because
these modifications change the expected fragmentation pattern.

12 Mark the check box for Dynamic peak thresholding, which is a scoring
enhancement that enables identification of more low- abundance and
short-chain peptides. For each extracted spectrum, the software calculates
the search scores as the number of spectral peaks varies from n=4 up to the
maximum set by the variable peakLimitCount in instrument.txt. It then displays
the best score from the set.

13 Set the other parameters. In general, you should keep the defaults except
for the settings that are highlighted in red. Click the blue divider bars for
more information in the online help.

14 Click the Start Search button.
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15 When the search is complete, do one of the following:

If you performed a variable modifications search that was limited to a
few variable modifications, first automatically validate results on the
MS/MS Autovalidation page. See “Step 5. Validate the highest-quality
results automatically” on page 31. Then optionally review and validate
additional results on the Protein/Peptide Summary page, as described in
the next section.

If you performed a homology mode search, review and validate results on
the Protein/Peptide Summary page, as described in the next section.
Autovalidation is not recommended for the homology modes because of
the increased possibility of false positives when so many permutations
are considered.
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To review/validate variable modifications or homology mode
results

To use the Protein/Peptide Summary page to review and validate results,
follow instructions on page 36 through page 43, with the following changes:

¢ If you want to see the variable modifications and/or amino acid
substitutions, additionally mark the check boxes for Variable sites, Delta
mass, and Modifications, as shown in Figure 23. If the variable
modifications occur on the N-terminus, C-terminus, or cysteines, also mark
the appropriate check box(es) in the last column of the Review Fields.

Review Fields

¥ Filename il Sequence [ Excel export
¥ Score - Sequence map [ H-terminus
¥ Fwd-Rev score [ Retention time || C-terminus
¥ Rank 1-2 score ™ Precursor miz | Cysteines
¥ sp [E] ¥ Precursor MH+ ¥ Modifications
[ Reverse details [¥ Delta mass I DE@ ratios [ Invert
[ Rank 2 details [~ Peptide pl " iTRAQ intensities
¥ #Cleavages [" Protein MW [~ iTRAG ratios control: I 114 'l
¥ Unmatched ions [ Protein pl O Fragmentation mode
i | tean 'i Intensity | Species [ Max tag length
¥ variable sites ¥ Accession# [~ Longest tag
[” Start AA Position ™ Proteinname [~ # by pairs
- Category

Figure 23  Check boxes to mark for review of results from variable modifications or ho-
mology mode searches

¢ If you wish to use the pl filter for modified peptides, ask your server
administrator to first verify that the pK of the modified amino acid is
specified in smconfig.std.xml or smconfig.custom.xml.

¢ If you want to see the variable modifications grouped at the top and/or
bottom of the results table, for Sort peptides by, select Delta Mass Shift.

¢ Note that the resulting data display includes the additional headings
Variable Sites, Modifications, MH" mass shift (Da), and MH" error
(ppm), as shown in Figure 24. These columns summarize the variable
modifications and (for homology modes) the amino acid substitutions. The
variable modifications are indicated as lower-case letters under Variable
Sites.
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Ferfarm Yalidation

I Results Shown Filtered Categony: seq not. d
Data Directory: medataSME Agilent Trap/ecoliheatshock
e e Specreshree s et side of display
otiginal hits subset determined Files: 1055 Hits: 550
\;:t“:;gro; # Filename z Score FR"::- RR.;:I(:Z- (S;; Backbone mal::l:led ?21?.::;1 \l’asrii:hsle Sequence
Score Score Cleavages lons
oy R 1 HEC_OMDA7IZA8020 3 725 370 209 829 3 17124 | 3E2e+007 mgégm (K} mYENIVD GNHQMER GuP ESFNVLLE (E)
Ty FR 2 HEC_0060.2508.2505.0 3 660 660 GE0  T6.1 9 516 5. 62e+006 (K) ANDAAGDGTTTATVLAQATIITEGLE (A)
Ty R 3 HEC_0080.2106.2106.0 3 9.53 9.53 953 690 9 i 6.75e+006 (K)ANDALGDGTTTATVLAQATIITEGLE (A)
[SERVAR Ol HEC_0050.1439.1438.0 3 6.92 210 239 837 =3 4012 5. 74e+006 (R TYAPLIVQFFGDVNDDE (C)
Ty R 5 HEC_MM50.16731685.0 3 652 -083 021 753 = 15424 1 .08e+007 (K)HTESICLLNGHLSLDYSASLYPEATE (A)
oy F R B HEC_0020.2667 2667.0 3 FEaAde) TR 723 724 10 i §.29e+006 (K) ANDAAGDGTTTATVLAQATIITEGLE (A)
Ty R T HEC_0100.0959.0862.0 3 .31 2m 074 748 4 134621 2.37e+006 (EYNYTLTEHPEATDPR(D}
Ty FRr 8 HEC_0040.121514215.0 3 .40 264 142  B60 =3 14125 1.45e+007 (R} QQLIDWMEADEVAGPLME (&)
Ty R 9 HEC_D020141249412.0 3 679 679 679 642 7. 77 7. 41e+006 (E)ETEVONEQPVVEEIVQAQEPVE (&)
oy £ g 10 HEC_OD10181618160 3 643 643 643 1000 3 0i6 1.51e+006 ({K)DHNPPQDLIDLNPNQSVPTLVDR(E)
right side of display
- - MH, I\:"al:;‘s M Accession -
Sequence Modifications Matched Shift Error M Protein Hame
(Da) (Da) (ppm)
I mYFNIVD GNHOMEPGuPESFNVLLE (E) m:Oxidized methionine 2891.389 307866 -411.8 26250758 DNA-directed RMA polymersse beta subunit
) ANDAAGDGTTTATVLAQAIITEGLE (A) 2402241 24945 10373 15804735 chaperonin GroEL
) ANDAAGDGTTTATVLAQAIITEGLE (A) 240224 24945 10373 15804735 chaperonin GroEL
) TVAPLIVQFFGDVNDDE(C) 1877 964 24911 13247 126808 Microcin B17 processing protein mchC
VHTESICLLNGNLSLDYSASLYPEATE (A) C:Carbamidomethylation 2907492 24734 83500 15300847 unknown protein encoded by cryptic prophage CP-933
) ANDAAGDGTTTATVLAQAIITEGLE (A) 2402241 24645 10248 15804735 chaperonin GroEL
INYLTEHPEATDPRID) 1542715 24571 15902 T436618 tagstose-bisphosphate aldolase gaty (EC 4.1.2.-)
) QQLIDWMEADEVAGPLME(3) 2101.057 24456 11640 1365635 TEM-145
VETEVOQNEQPVVEEIVQAQEPVE (A) 2522262 24434 967 .5 16131336  fused Signal Recognition Particle (SRP) receptor: memk
JDNPPQDLIDLNPNQSVPTLVDR (E) 2460237 24289 986.3 15803763  stringent starvation protein &

Figure 24
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Combined results from identity and variable modifications searches (partial list)
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To search in no enzyme mode

1 Navigate to the MS/MS Search page.

2 Fill in the search form as described in “Step 4. Run database searches” on
page 28, except:

Mark the check box to Search previous hits.
Set Digest to No enzyme.
3 Run the search.

4 Use the Autovalidation page and the Protein/Peptide Summary page to
review and validate results. Follow instructions on page 31 through
page 43.

To search a larger database

1 Navigate to the MS/MS Search page.

2 Fill in the search form as described in “Step 4. Run database searches” on
page 28, except select a different database this time.

For example, if you first searched against the SwissProt database, try the
larger NCBInr database.

If you first searched a species subset database (e.g., human), search a
larger subset (e.g., mammals). This is most important when the original
subspecies is not well-represented in the database.

If you cannot find hits in the standard protein databases, try searching
dbEST. It is possible that there is a known expressed sequence tag that
contains part of your protein. (Note that dbEST searches take longer.)

3 Run the search.

4 Use the Autovalidation page and the Protein/Peptide Summary page to
review and validate results. Follow instructions on page 31 through
page 43.

To search your own custom library, see “Spectrum Matcher” on page 71.
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To check for remaining high-quality spectra

1 Navigate to the Spectrum Summary page. This page provides a convenient
means to find good spectra that have not yet been interpreted.
One of the most useful measures of spectral quality is the maximum
sequence tag length, which is the longest sequence of amino acids that can
be located in the spectrum. The Spectrum Summary results show spectra
annotated with the amino acid sequences that correspond with the
maximum sequence tag lengths. These are not intended as de novo
interpretations, but rather show how much sequence information could be
contained in the spectra.
2 Set parameters similar to those shown in Figure 25. The notes below
discuss important parameters.
m R —. | Poset | Spectrum validation filter: ¥ Filename ¥ M5 precursor EIC intensity
: o I spectrum-not-marked-sequence-notvalidated j [¥ Precursor charge ™ MS LH EIC intensity
Spectrum Files ( .icpick_in/ ) e W ¥ Precursor MH+ [~ MSMS TIC intensity
F.dta ;I ¥ Precursor miz " Mean noise intensity
"3kl Sort by: I it g \ength j |} Acquired precursor m/z ™ Hoise std deviation
Filter by: i L ' 2 4
LI - Collision energy Base peak intensity
IMaXImum tag Iength j IE I? ¥ #Detected peaks [ Base peak / TIC ratio
I” # Centroid peaks F¥ Maximum tag length
v
Select.. | ExampleDatalAgilentiTrapiecolitheatshock Lo frofie peske 2 Eonnest =auence o
" Retention time O# biy pairs

Figure 25 Spectrum Summary form

Data Directory

Spectrum
validation filter

Validation preset
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Click the Select... button to select the folder that contains your data files.

Set as follows:

If this is the first round of processing using the Spectrum Summary page,
set to spectrum-not-marked-sequence-not-validated.

For later rounds of processing (after you have already designated spectra as
“good”), select one of the options that start with good-spectrum.

You have three choices:

If you set filtering parameters such that poor spectra are likely to be
excluded (for example, Maximum tag length > 7), select good-spectrum.

Otherwise, select bad-spectrum or reset.

Spectrum Mill Workbench Application Guide



Filter by:

MS L/HEIC
intensity

Basics for Processing MS/MS Data 1

As you review the spectra later, you can select reset to undo a
good-spectrum or bad-spectrum designation.

Set this parameter to filter out spectra that are not peptide spectra or that
have little information content. The maximum tag length represents the
longest sequence of amino acids that can be located in the spectrum. Higher
numbers filter out more spectra, keeping those of the best quality.

Mark this check box for additional information on ICAT and other isotopically
labeled data. For more information, see “To view light/heavy results on the
Spectrum Summary page” on page 141 of Chapter 5.

3 Click the Summarize button.

Once you click the Summarize button, the button is disabled until the results appear. If you
need to re-enable the button, click the Summary Settings button to reload the Spectrum
Summary form.

4 Check that you see a display similar to the one shown in Figure 26.

Note that the filenames are in the format Data_File_Name.aaaa.bbbb.c,
where

aaaa = first merged scan
bbbb = last merged scan

c = assigned precursor charge (0 means charge was ambiguous)

If you have QSTAR files, see the note on page 34.
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Agilent Spectrum Mill - Spectrum Summary

v i | ummry stins [ et smy outa [ s see [ ot [ ]
Down | Up| [REC_poen 22232232 2 K i of [80

reset | good-spectrum |

bad-spectrum | Click to et category of current spectrum

Data Directony: pleDat: lertWTrapuiecolithestshock
Validation Preset: spectrum-not-marked-sequence-not-validsted  Input files: 80 - 80 files (after fitering by maxSequence Taglenogth = 77

‘::Iti:;:,i:; # Filename z P'E;‘:l"s“' Pm"’r:‘;“' Det:ﬂed e PIET(C:rSDr T::-;:r? SI;‘::r:iT:e
Peaks  Intensity Tag
goodrspectum v| 1 HEC_O020222322322 2 21634500 10822600 25 2 DT 11 [3312BILFSYANDAYYNBAD 78
gooc-spectum v| 2 HEC_0020.269126940 2 21629400 10818700 25 7 082+006 11 (39 2BLFSY ANAYYNLSET 1
goodepectum v] 3 HEC_OMOA23242412 2 21644700 10825000 25 6134007 11 (51009 NYHAMAY YHLHI391 46
gUUd—SpEC‘fUm 'I 4 HEC_0020129412982 2 21632800 10821400 25 10 391 A9]LFSYAMANWYMN[EA0 45

good-spectrum VI 5 HEC 0020131813212 2 21642400 10826200 25 10 391 FALFSY AMNY Y E41 53]
good-spectrum VI & HEC_N02013B613682 2 21639700 10824900 25 6 Dfe+007 10 391 35]LFSY AMAYYINIE4] 29]
good-spectrum 'I £ HEC_00201387.13912 2 21631500 1082.0800 25 4.53e+007 10 391 FEILFSY AMAYYINE4D.44]
gooc-spectum VI & HEC_0020.1451.14532 2 21638800 10824400 25 3134007 10 391 24LFSY AMAYYINIE4] .20]
good-spectrum 'I 9 HEC 0020133715482 2 21630400 10820200 25 4. 77e+007 10 391 SELF SV YENGYINE4D.39]

good-spectrum VI 10 HEC_ 0020158516092 2 21628700 1081 9400 25 3.90e+007 10 391 SILFSY AMNY Y NE40.21
good-spectrum VI 11 HEC_0020166716310 2 21640800 10525400 25 5 2Be+007 10 591 29]LFSY AMMYINIBA] 44]
good-spectrum 'I 12 HEC_002017081711.2 2 21633700 108218900 25 260e+007 10 391 F2ILF SV Y SV YN0 67 ]
gooc-spectrum VI 13 HEC_002017BG17802 2 21631100 10820600 25 305e+007 10 391 28]LFSY AMAYYNIEAD 48]
M5T591| [391.28) | [ | F | 5 | W |A | N | i} |A | W | v | N | [640.78]
b
ERER by 10
00.%
b1z
b
b + 1
1 b yiil B
] 'y By oob, y“l"bs 5 by i |
Jod . ol i il h_lllLJuﬁJ{ ada sl bl ntsaiid A " RN N .
] 200 400 il 00 000 1200 1400 1500 1300 2000
HEC_0020 2223 3332 2 phi Mass (miz) Wb 634527 miz: 108223 222

Wy Wb [ tHzo [ w20 [ a [ b-NHE [ wHHE [V s [ yoeerHzo W obe+ [ 3 [ 043 [ b+H20 [ wH3PO4 [ w2HZP04 [ b-H3FPOD4
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Figure 26  Spectrum Summary results

5 Now examine the spectra. The Spectrum Viewer, shown at the bottom of
Figure 26, automatically displays the first spectrum. To display others, click
a link under the # or Longest Sequence Tag headers, or click the Up or
Down button at the top of the page.

If you click a link under the # header or the Up or Down button, the
spectrum is displayed at the bottom of the page.

If you click a link under the Longest Sequence Tag header, the spectrum
is displayed in a new window.
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For more details about manipulating the spectral display, see “To use the
Spectrum Viewer” on page 87 of Chapter 2.

6 After you review each spectrum, designate each one as “good” or “bad,” or
“reset.” Use either the drop-down list under the Validation category
heading, or the good-spectrum, bad-spectrum, and reset buttons near the
top of the page.

7 Click the Update button to save your designations for future reference.

If you find you have designated spectra as “good” or “bad” in error, and you have already
clicked the Update button, you can undo the action. Change the designation(s) to Reset
and click the Update button again.

If at any point you wish to change parameters and create a new summary
table, click the Summary Settings button to start over.

To make a decision regarding further processing

1 After you use the Spectrum Summary page, assess whether you still have a
lot of good spectra that lack valid interpretations and decide whether you
want to further process the data.

2 If you do wish to further process the data, decide how much you wish to do.
The possible next steps are:

a Search for additional variable modifications

b Search in no enzyme mode against previous protein hits

¢ Search in one of the homology modes against previous protein hits
d Search a larger database.

e Perform Sherenga de novo sequencing

3 If you do not wish to further process the data, create a final results
summary. See “Step 9. Summarize valid results” on page 43.
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If you choose to continue processing, two Spectrum Mill tools are useful to keep track of
processing parameters and identification statistics. See “To create a summary table of
previously-used parameters” on page 173 and “To create a summary table of MS/MS
identification statistics” on page 175. The Build TIC page, accessible from Protein/Peptide
Summary, also helps you visualize how much of your sample has been interpreted. See
“Build TIC" on page 74.

To perform Sherenga de novo sequencing

Sherenga de novo sequencing is useful as a first step in manual spectral
interpretation, or as a confirmation of MS/MS Search results. This section
describes briefly how to use the Sherenga de novo sequencing software. For
additional details and background information, see Chapter 3.

1 Navigate from the Spectrum Mill home page to the Sherenga de novo
Sequencing page, shown in Figure 27.

Agilent Spectrum Mill - Sherenga de rove Sequencing

w Protein/Peptide Summary | Spectrum Summary | Tool Belt m

Sherenga de novo Sequencing

Sawve Seftings | Feset | ] all prior Sherenga results

I Show Equivalent Masses
Mazimum reported hits: 10 (__
I &) L

KiO: © K & g © Both

Select... |ExampIeData'l.AgiIent\TraptecoIi\heatshock

Choose... | Fined: [ orbamidomethylation (C) Variable:

Sequencing Parameters

Scoring: IAg\Ient ESlion trap j Min. vertex score: |5 Ird Sequence tag length: IE I4

Show Advanced »> |

Data Files

Spectrum files { Jopick_in/ ):

Validation filter: | good-spectum-sequence-notvalidated j

2. pkl -
*.0.pkl
*.1.pkl
*.3.pkl |

Figure 27  Sherenga de novo Sequencing form
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2 Set the Validation filter:

If you took the time to designate your spectra as “good” or “bad,” as
described in “To check for remaining high-quality spectra” on page 62,
set the Validation filter to good-spectrum-sequence-not-validated. This
ensures that only the uninterpreted spectra you designated as “good” are
sequenced.

Otherwise, set the Validation filter to
spectrum-not-marked-sequence-not-validated.
3 Click the Select... button to select the data directory where your files
reside.

4 Click the Choose... button to select the modifications that match the
chemistry for your samples.

Under Sequencing Parameters, for Scoring, select your instrument.

Set the other parameters. In general, you should keep the defaults except
for settings that are highlighted in red text. Click the blue divider bars for
more information in the online help.

Click the Sequence button.

As the sequencing program runs, check that you see a display similar to
that shown in Figure 28. The sequencing program processes the entire
directory. A message alerts you when processing is complete.

Results

Stop Search PID: 1636

-comb -opt

F:\Spectrumbillmsparams_millesionTrap trypsin.zl _2.sherc -sma 10
-ozp -ntop O -ctop O -swi 100 -vst 5 -gth -gbr -spo -ifc -pap2 -grr2 -
fm carbamidomethylation -ilm | -kgm @

Processing first of 80 files ...

1. EC: OHEC 0000.2035 2047 .0 okl td
2.EC: OHEC 0010.0544 0547 .2 pkl fd
3.EBC: OHEC 00200533 054500kl td
4. EC: OHEC 0020.0543.0543.2 pkl td
5. BEC: OHEC 00200596 0596 0.0kl td
6. EC: O0HEC 0020.0905.0907 .2 pkl td
7.EC: OHEC 00200922 0931.0.pkl td
8. EC: OHEC 00200926 0926 .2 pkl td
9. EC: OHEC 00200935 09352 pkl fd
100 EC: O HEC 0020099510012 pkl td
1. EC: OHEC 00201013.1015.2 pkl
12 EC: O HEC 00201087 .1090.2 pkl txd

A9 B/ A LSS O0An AACE A4 T4 A el b

Figure 28  Display while Sherenga runs
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To review Sherenga de novo sequencing results

1 Click the de novo Summary button to navigate from the Sherenga de novo
Sequencing page to the Sherenga de novo Summary page.

2 Check that you see the form shown in Figure 29. You should generally keep
the default settings.

Summarize Results for Review
Sawve Settings | Feset |
Data Directory

Select... |ExampIeDatalAgiIent\TraplecoIilheatshock

Min. vertex score: |5 [T Show aligned sequence tags " Force tryptic digest

Sort by |Sherenga Score j
Result files { .results_sherenga/)
O EXE ;I

Figure 29  Sherenga de novo Summary form

3 Click the Summarize button.

4 Check that you see a display like that shown in Figure 30.

Note that the filenames are in the format
Data_File_Name.aaaa.bbbb.c.pkl.txt, where

aaaa = first merged scan
bbbb = last merged scan

c = assigned precursor charge (0 means charge was ambiguous)

If you have QSTAR files, see the note on page 34.
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Results
M5MS Search
55 TL TS Delta Filename Sherenga Sequence Tag M5MS Search Result
MH+
307 9 50 0.7 HEC 0020.1556.1564.2.pklixt [414.52]HINVVDAGGAGOFISA[215.27] MGLVIKAALGALVVLLIGVLAK
292 10 HEC 0020.1766.1780.2.pklixt [251.35]YHINVVYDAGGYASFGG[3T2.49]
285 9 HEC 0020.2376.2385.2.pklixt [H4-HININYYSGGYAGOFI[3T3.45]
263 9 HEC 0020.2242.2256.2.pklixt V[292.61]IFSYAAGTAVGYGIN[396.32]
280 10 54 0.6 HEC 0020.1537.1549.2.pkltxt [H4.38JHGGHYVDAGGEQFI[157.54][215.86] MGLVIKAALGALVVLLIGYLAK
278 10 6.5 0.7 HEC 0020.1387.1391.2.pkLixt [327.27]SGGIGGYVPGSMGOAATS[303.99] MGLVIKAALGALVVLLIGYLAK
275 10 HEC 0020.1294.1298.2.pklitxt [M445]HGGHYVEGGGAGOFI[373.48]
2f4 9 HEC 0020.1510.1510.2.pkltxt [324.48ITHIATGGTIAGGGD[158.35][229.18]
269 10 HEC 0020.1595.1609.2.pklixt [414.34]HIPASGVSGGAGEFI[157.93][215.57]
264 9 HEC 0020.1429.1444.2. pklixt [H49HINYYADGGEGAFI[373.31]
264 & HEC 0020.1962.1972.0.pkltxt [H4.59]PGFGGAAPAGGAYVPHH[ITI.40]
263 10 HEC 0040.1298.1311.2.pkltxt [212.87]IA[142.23]10GDVYAGEVGGHH[371.94]
262 9 HEC 0020.1339.1349.2.pklixt [396.35]GGHAGGYGGADYVHHI[157.85][215.56]
262 9 6.7 1.4 HEC 0020.1583.1588.0.pkLixt [414.39]GGINVVADHEQFI[373.44] MGLVIKAALGALVVLLIGYLAK
257 10 HEC 0020.1708.1711.2.pkltxt [#1450JHIGGVVSGGYEQFI[373.44]
257 9 HEC 0020.1924.1936.2.pkltxt [253 10JROSPGGAGSGTYVHIHS[286.17]
Figure 30  Sherenga top-level report

5 Review Sherenga results:

a Click alink under the Filename header. Check that you see the Spectrum

Spectrum Mill Workbench Application Guide

Viewer as shown in Figure 31 and detailed Sherenga results as shown in
Figure 32. The detailed results list multiple Sherenga interpretations for
the same spectrum. The most probable interpretation (Sherenga 1) is
initially displayed at the top of the Spectrum Viewer.

Click the Rank arrow buttons shown in the lower right-hand corner of
Figure 31 to navigate through the de novo possibilities. See “To use the
Spectrum Viewer” on page 87 of Chapter 2 for more details.

If you see an MStag 1 sequence at the top of the Spectrum Viewer, first
click the Sherenga 1 sequence and make sure the Sherenga sequence
turns from gray to white background. Then click the Rank arrow
buttons.

To display a user-defined sequence above the spectrum, type the
sequence in the box to the left and then click the Go button.

Scroll below the display shown in Figure 32 to view details of the
Sherenga interpretation.
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Figure 31  Spectrum Viewer with Sherenga results

ExampleData‘Agilent'\Trap'ecolitheatshock HEC 0020.1013.1015.2.pkl.ixt

Rank Orig. s M5-Tag sherenga Matched Delta Measured
Score Sequence Sequence Tag Precursor MH+ Precursor MH+ Precursor m/z
[184.27DAVTAAGVE[169.94]0
|
1. 1782 1792| psazny | o |a] v | v |alals] v | E |usssq | o | 131485 657.93
2. 1763 1763| peazm | o |al v | 7 |alale] v | wpwsn |a] e |
31740 1740 psazn | w | v | 7 |alals] v | E |usssa| o |
4. 1736 1736| peazm | o |ala]l e |alale] w | B |oesesa| e |
s. 175 18| psaan | o |ala] B |alals] v | E |ussem | o |
6. 171 7| pasn  |alw | 7 |alale]l w | £ |osesa| e |
7. 1707 1707 | nsazn | o |alal B |alals] v | mmem |a] o |
g 1687 1697 | pesazm | o |a] v | 7 |alals] v | B | messs |
9. 1680 1690 psazn | w | v | 7 |alals] v | mmem |a] o |
0. 1690 tean]| psaam | o Jala] B |alals| v | emam |a] e |
Figure 32  Detailed Sherenga results

6 Compare Sherenga results with MS/MS Search results. When database
search results are available, the software displays them along with the
Sherenga interpretations, so you can compare the Sherenga and MS/MS
Search sequences. When MS/MS Search results exist, the database sequence
(labeled MSTag 1) is displayed just above the Sherenga sequence (labeled
Sherenga 1). The latter is shown at the top of Figure 31.
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Additional tools

Spectrum Matcher

You use the Spectrum Matcher to search unknown spectra against another set
of library spectra on the Spectrum Mill server. The library spectra may reside
in a Collections directory, or any other data directory on the server.

To create a library in your collections directory, see “To copy spectra to your
collections directory” on page 177.

To search the spectra

1

On the Spectrum Mill home page, click the Spectrum Matcher link.

2 Check that you see the page shown in Figure 33.

3 Fill in the options. They are self-explanatory or are explained in the online

help.

4 Click the Match button.

5 If you have a large data set and you see an error that the CGI input string is

too long, use the Search result files box under Query Set to search a subset
of the file names. See the lower left hand corner of Figure 33 as an example.
Here, the extracted spectra were searched from only a single data file.

After time for processing, check that you see results like those shown in
Figure 34.
Note that file names are in the format Data_File_Name.aaaa.bbbb.c.pkl,
where

aaaa = first merged scan

bbbb = last merged scan

c = assigned precursor charge (0 means charge was ambiguous)

If you have QSTAR files, see the note on page 34.
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Agilent Spectrum Mill - Spectrum Matcher

w Match Settings | Spectrum Summary | Protein/Peptide Summary m

Match Spectra

_ SaveSettingsl Reset |

Search Criteria

Spectral Guality Matching Tolerances

¥ sequence tag length: I) 'l |3 HE tched peak intensity ISD i,

Minimum # of peaks: I4 Precursor mi/z: +/- I‘I 5 I Da j'

sSearch Mode _ Product miz +1- |03
Search mode: I Ichertity =l MS/MS Peak Detection

Minimum S/H: I8 < |10 Peaks (most intense 12C)
Data Sets
Query Set Library Set
Select ... | Agilent/Trapiecoliiwild Select .. | AgilentTrapiecoliheatshock
Validation state: | spectrum-not-marked-sequence-notvalidated j Validation state: |valid j
Search result files: Search result files:
MEC 0D020+.pkl = *.pkl =l
I E

Figure 33  Spectrum Matcher

Agilent Spectrum Mill - Spectrum Matcher

m Match Settings | Spectrum Summary | Protein/Peptide Summary m

Query Library
Directony: | ExampleData/Agilent Trapfecaolibwild ExampleDataldoilert Trapfecolihestshock

Validation State: | spectrum-not-marked-sequence-not-validated | valid
#spectra: | 254 286

Matched Spectra

# -
Query Library Delta Delta 5
Score Sl Query Query query file Parent Parent Parent Parent EIDany library file
(%) Spectrum num num
miz miz miz MH-+
Peaks
1 B5 804 10 3 MEC_D020.09687 0957 2 pkl 52358 5235 0.0 0.0 2 HEC_0020.0944 0952.0 0kl
2 56 BOO 10 3 MEC_D0200967 0967 2pkl 5235 5235 -00 -0 3 HEC_0020.0923.0925.0.pk
3 67 722 10 20 MEC_0020.09935.0995.0 pkl G594 6695 -0.2 -0.4 52 HEC_0020.1003.1003.2 okl
4 T& 820 10 20 MEC_00200993.09930pkl  BE9.4 EE3E -03 -0.5 63 HEC_0020.0976.0979.0 gkl
5 56 618 10 28 MEC_0020.0955.0964 2pkl 7233 7230 03 06 g4 HEC_0020.0937.0943.2 pkl
53 46 560 10 29 MEC_00200958.0964 2pkl 7233 7235 -02 -0.4 g5 HEC_0040.0599.0909.2 gkl

Figure 34  Spectrum Matcher results
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To examine the results

Click the links in the report to view and compare the spectra:

¢ (Click a number link on the left side of the report to view both the query
spectrum and the library spectrum in side-by-side Spectrum Viewer
windows at the bottom of the page.

¢ Click a query file link to view the query spectrum in the Spectrum Viewer
at the bottom left side of the page.

¢ Click a library file link to view the library spectrum in the Spectrum
Viewer at the bottom right side of the page.

You cannot view these results with the Protein/Peptide Summary page.

Peak Picker

You use the Peak Picker (menu button on the Data Extractor page) to
independently troubleshoot the peak detection done in MS/MS Search. The
output of Data Extractor is used as input to both the Peak Picker and MS/MS
Search. The Peak Picker displays a comparison of raw spectra (top) and
peak-detected spectra (bottom). After determining revised parameters with
Peak Picker, your system administrator can edit the peak detection
parameters for the appropriate instrument in the configuration file
msparams_mill\instrument.txt.

Before you modify any files, be sure to archive the originals so they can be restored if
necessary.
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Build TIC

Build TIC constructs a graph that shows interpreted spectra (red) and
uninterpreted spectra (black), as a function of scan number. It also provides
statistics on the interpretation percentage of the spectra or the ion current.

With Build TIC, you can select a neutral loss to locate spectra exhibiting that
loss. This is useful to locate peptides that have a phosphorylation site or that
readily lose water. See Figure 35 as an example.

Agilent Spectrum Mill - Build TIC

Spectrum Mill | ProteinPeptide Summary | Spectrum Summary | Tool Belt m

Data Directory: ExampleDatalLCO

23% spectra assigned 44% ion current assigned 63 assigned spectra 209 unassigned spectra

Reset
DETS
2.8da47 [ Back
100.%
il
Grow
Shrink
1 J ., b 1 —
¥ T 1 T T T T T T
o 200 400 600 &00 iooo 1200 1400 1600
Scan Mumber Labels |

Build TIC Sawve Setings | Reset |

Validation filter: Iﬁ” j Yaxis:ITDtﬁ| Intansity ﬂ Meutral loss: | HZFO04 2

Select.. |ExampIeData\LCQ

For multiple runs in the same directory, use a wildcard below to restrict the prefix of *.pkl files to match a single run.
Spectrum files ( .jcpick_in/ )

*.pkl ;I
=
Figure 35  Use of Build TIC to locate scan numbers of spectra that indicate potential
phosphorylation sites.

Spectrum Mill Workbench Application Guide



Agilent G2721AA Spectrum Mill MS Proteomics Workbench
Application Guide

@oe- 2

0e0 MS/MS Data Review and Validation

Autovalidation 77
Setting up the Protein/Peptide Summary page 79

Reviewing and validating results using the Protein/Peptide Summary
page 87
Data display modes on the Protein/Peptide Summary page 94

In this chapter you learn in detail how to review and validate database search
results from MS/MS analyses of peptides and protein digests. Validation
means that you accept the database search results for a particular MS/MS
spectrum or group of spectra.

The Spectrum Mill workbench provides a means to segregate search results
that contain a valid interpretation of an MS/MS spectrum from those that do
not. You can then subject results that are not validated to subsequent rounds
of searches (against other databases or in variable modifications mode, for
example). You can summarize results that are validated in a results table.

To segregate the valid search results, the software keeps track of both the
spectra and their interpretations in a coordinated way. Furthermore, the
software permits spectra to be segregated according to quality (via Spectrum
Summary) without regard to the validation states of their database
interpretations. Because the software keeps track of which spectra you have
segregated as “good” and which database interpretations you have designated
as “valid,” you can intelligently apply processing steps to individual groups of
spectra.

In this chapter, you learn how to use the MS/MS Autovalidation page to
quickly validate the search results with the highest scores. You learn how to
use the Protein/Peptide Summary page to manually review and validate
search results with medium scores. You learn how the various Protein/Peptide
Summary data display modes are organized to provide insight into different
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types of scientific problems. You also learn how to manipulate results in the
Spectrum Viewer, an indispensable tool to visualize the sequence information
contained in MS/MS spectra.

If you want a quick introduction to this subject matter, without a lot of details,
see the relevant sections of Chapter 1, “Basics for Processing MS/MS Data”.
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Autovalidation

Automatic results validation saves time and allows you to set score thresholds
that meet the data quality needs of your experiment.

1 Navigate to the MS/MS Autovalidation page, as shown in Figure 36. You
navigate to this page from the MS/MS Search page or the Protein/Peptide
Summary page.

Agilent Spectrum Mill - MS/MS Autovalidation

Yalidate Files Sawve Settings | Feset |
Mode: I Pratein details j' Filter proteins by score: IZD-D " Group proteins across all directories
I Fitter by peptide pl: Low |3-D High IW-U

Data Directories

Search result files:
Select ... | =
-

*.spo
¥ E gilentTraplecolitheatshock
E
Protein Rules
Fud - Rev Score  Rank 1-2 icors
Ruls Procurior Soore % EPI Threahold Threshold
Chargs Threahold Threahold l—
v v

1. [e=] o0 [eud [2.0 [20
2 [ix] 60 [fud 20 20
3 [35] [e0 | oo [2.0 [20
o [az] o0 [fud 20 20
5. [5=] [zt | [fud [2.0 [20
6. [zx] 60 [oud [1o [1o

Figure 36  Automatic validation of MS/MS search results

2 Select the Data Directory for which you want to validate results. You may
validate twice — first in Protein details mode and second in Peptide mode.

3 Select the Protein details mode.

In this mode, the software summarizes results by protein, and considers
all the peptides that belong to a given protein.
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Using the default scoring, individual peptides must have scores greater
than 6 to 12 (depending on charge state), and the cumulative protein
score must be greater than 20.

4 If the data files from a single sample occupy multiple directories, mark the
check box for Group proteins across all directories.

If you wish to use the pl filter for modified peptides, ask your server administrator to first
verify that the pK of the modified amino acid is specified in smconfig.std.xml or
smconfig.custom.xml.

5 Click the Validate Files button.

6 You quickly see a validation summary that lists the hits and spectra that
have been validated.

7 Now select the Peptide mode.

In this mode, the software summarizes results by peptide. Even if it finds
only a single peptide that corresponds to a protein, it validates the
search results if the peptide score is high enough.

Using the default scoring, individual peptides must have scores greater
than 11 to 15 (depending on charge state). This score threshold is higher
than in the Protein details mode, where you have the additional
assurance of knowing you have identified more than one peptide per
protein.

8 If you wish to autovalidate only the peptides in a given pl range, mark the
check box for Filter by Peptide pI and type in a pl range.

If you ran an offgel fractionation, and the data files from all pI fractions are
in the same directory, then use the Search result files filter to select the
specific file(s) for which that pI range applies.

If you wish to use the pl filter for modified peptides, ask your server administrator to first
verify that the pK of the modified amino acid is specified in smconfig.std.xml or
smconfig.custom.xml.

9 Click the Validate Files button.

10 You quickly see a validation summary that lists the new hits and spectra
that have been validated, along with those validated previously.
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Setting up the Protein/Peptide Summary page

To set up the Protein/Peptide Summary page, you select options in three
categories:

¢ Summarize Results for Review - Select data directory and results display
mode.

e Validation and Sorting - Select validation, sorting and filtering options.

¢ Review Fields - Mark check boxes to choose columns to include in the
report.

Then you click the Summarize button to summarize results.

Step 1. Set data directory and mode

1 Navigate to the Protein/Peptide Summary page.

2 Click the Select... button to select the data directory where your files
reside.

w

Click the Mode drop-down list and select one of the summary modes shown
in Figure 37. Use Table 3 to guide you. For more details on the display

modes, see “Data display modes on the Protein/Peptide Summary page” on
page 94.

Summarize Results for Review

_ SaveSettingsl Feset |

Mode: | Peptide =

i
Frotein Summary
| Protein Summary Details
dtan Frotein - Single Peptide ID

none § Praotein - Protein Comparison Columns

Frotein - Protein Comparison Redundant

Frotein - Sample Centric Rows
Frotein - Sample Centric Rows Details

*.5]Protein - Peptide Distribution Columns
Frotein - Peptide Comparison Columns

Figure 37  Selecting the data display mode

Searg
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Table 3

Protein/Peptide Summary Modes

If you want to:

And you want results
organized by:

Then use this mode:

Example application

Validate results

Summarize results
by proteins

Summarize results
by samples

Summarize results
by peptides

View a list of
proteins identified
via a single peptide

Peptides

Proteins, then peptides

Samples, then proteins,

then peptides
Proteins only

Proteins, then samples

Proteins, then
redundant hits

Proteins, then peptides

Samples, then proteins

Samples, then proteins,

then peptides
Peptides only

Peptides, then samples

Peptides, then samples

Peptides only

Peptide

Protein Summary
Details

Protein-Sample
Centric Rows Details

Protein Summary

Protein-Protein
Comparison Columns

Protein-Protein
Comparison
Redundant

Protein Summary
Details

Protein-Sample
Centric Rows

Protein-Sample
Centric Rows Details

Peptide

Protein-Peptide
Distribution Columns

Protein-Peptide
Comparison Columns

Protein-Single
Peptide ID

Manual review and validation of MS/MS search
results, organized by peptide

Manual review and validation of MS/MS search
results, organized by protein

Manual review and validation of MS/MS search
results, organized by sample

List of all proteins identified in the data

Compare two or more samples, each of which
may contain multiple fractions. Each sample
(with all fractions) is organized in a separate
directory.

Same as immediately above, with additional
detail on isoforms of proteins

View proteins, with supporting peptide details

View proteins from multiple 2D gel spots
organized in a single directory

Same as immediately above, with supporting
peptide details

List of all peptides identified in the data

Method development (evaluation of 2D
LC/MS/MS or other fractionation scheme)

Evaluation of fractionation scheme (provides
more information and easier export to Excel)

Examination of results where a single peptide
was used to generate a protein identification

80
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Step 2. Set filtering, sorting, and validation parameters

* Set the validation, sorting, and filtering parameters shown in Figure 38. To
set these parameters, refer to the guidelines below. Note that the specific
options that are available depend upon the mode you selected earlier.

In this step, you determine which data are displayed, how the data are
sorted, and the initial validation state of the data. As you set parameters in
this section, it is useful to keep in mind the following;:

Filters limit the data that is viewed. For example, they can be used to
show only results where search scores exceed a chosen value.

Sorting parameters determine the order of the data that is viewed.

Validation presets determine the initial settings of the validation states
for the data that is viewed. You can always change these presets after you

review the data. They are not made a permanent part of the data record
at this point.

A validation state represents your judgment as to whether a particular
data interpretation (e.g., a search result) is satisfactory.

Validation and Sorting
Filter results by:

|Sequence—nowalidated j
preset: I hone 'l
Protein grouping method: I‘I shared peptide j
Sort proteins by Im
Filter by protein score: IE W
Sort peptides by: lm
Filter peptides by:

Score: IE I6 % SPI: IE IBU.D
Required Afs: Iany j' Disallowed Afs: InUne 'l
Peptide pl: from W to W v All

Accession #'s:

E
[

Figure 38  Validation, sorting and filtering parameters - Protein Summary Details mode,
with check box for Peptide pl marked under Review Fields

Spectrum Mill Workbench Application Guide 81



2 MS/MS Data Review and Validation

Filter results by

Validation preset

82

The validation filter determines which data are displayed. Select one of the
following options:

¢ sequence-not-validated: Displays only search results that have not yet been
categorized as “valid” with the Autovalidation page or the Protein/Peptide
Summary page.

» valid: Displays only search results that have been categorized as “valid”
with the Autovalidation page or the Protein/Peptide Summary page.

¢ good-spectrum-sequence-not-validated: Displays only data where the
spectrum has been categorized as “good” with the Spectrum Summary page,
but the search results have not been categorized as “valid” with the
Autovalidation page or the Protein/Peptide Summary page.

* all: Displays all data, regardless of current validation state.

The validation preset determines how you categorize your data upon initial
display. Select one of the following options:

¢ none: Select if you do not want to validate data right now. Choose this
setting if you want only a summary report. Also choose this setting if you
want to compare data in two or more data directories.

» valid: Select if you want to initially categorize all data in your report as
“valid.” If you filter the data for only search results that have a high
probability of being correct (described below), select this setting to
minimize manual changes during data review. You can later change the
setting as you review the data, but before you exit the form, be sure to click
the Perform Validation button to save the new validation state.

¢ reset: Select if you do not want to initially categorize all data in your report
as “valid.” The “reset” setting has two uses: either the data have not yet been
reviewed and validated, or the data have been reviewed but the results have
not been satisfactory to this point. You can change validation states to
“valid” as you review the data, but before you exit the form, be sure to click
the Perform Validation button to save the new validation state.

» status: Select if you want to see all peptides that belong to a protein,
regardless of validation state. To generate such a display, set Filter results
by: to all and set Mode to one of the display modes that show both proteins
and peptides. When the data are displayed, look under Validation category
to see if a particular peptide was validated (V) or not validated (R). (R
stands for reset.) You may also change the validation state, but before you
exit the form, be sure to click the Perform Validation button to save the
new validation state.
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method

Sort proteins by

Filter by protein
score

Sort peptides by

Filter peptides by
Score

%SPI

Required AAs
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Determines how proteins are grouped in certain protein summary modes.
Select one of the following options:

¢ 1shared peptide: When a peptide sequence >8 residues long is contained in
multiple protein entries in the sequence database, the software groups the
proteins together and then reports the highest-scoring one and its accession
number.

* 1 shared peptide, expand subgroups: The software initially groups the
proteins as described for 1 shared peptide. In some cases when the protein
sequences are grouped in this manner, there are distinct peptides that
uniquely represent a lower-scoring member of the group (isoforms and
family members). When you choose 1 shared peptide, expand subgroups,
more than one member of the group is reported and counted towards the
total number of proteins. The proteins are given related protein subgroup
numbers (for example, 11.1 and 11.2 for protein group 11).

Select a data sorting method for your report. Choices include score, number of
peptides, protein molecular weight, category and function.

Set a filter for protein score. Scores greater than 25 almost always represent
valid results.

Select a sorting method. Note that when you sort by accession number, the
sort is alphabetical rather than numerical. This is because some databases do
not have strictly numeric accession numbers.

Set a filter for peptide score. For ion trap data, peptide scores greater than 13
almost always represent valid results. Scores below 6 generally represent poor
results. For more details, see Table 1 on page 37. For Agilent Q-TOF data, you
search with a narrower mass tolerance, so there is a better chance that
lower-scoring results are valid. It is not unusual for a score of 5 to represent a
valid result, but only if the peptide is short or in low abundance.

Set a filter for scored peak intensity. This is the percentage of the MS/MS
peak-detected ion current explained by theoretical fragments from the
database hit. For ion trap data, values greater than 70 (or 60% for
doubly-charged precursor ions) generally represent high-quality results. For
Agilent Q-TOF spectra, % SPI below 60 may represent a poor interpretation.
The lower the value, the greater the likelihood that the MS/MS spectrum
contains significant peaks not explained by the database search results.

Filters search results so that peptides are shown only if they contain the
required amino acid(s). To disable, select any.
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Disallowed AAs

Peptide pl

Accession #'s

Filters search results so that peptides are not shown if they contain disallowed
amino acid(s). To disable, select none.

Filters by a range of peptide pl values

Filters search results by accession numbers. You can type or paste a list of
accession numbers in various formats (space-separated, separated by ‘|,
comma-separated, etc.). To disable, leave the box blank.

Filters that are more stringent produce higher confidence results. Set the score filters in a
way that makes sense for your study. For some studies, it may be better to provide fewer
results, albeit with greater probability of being correct. For others, it may be better to
provide more results and take the risk that some false positives could be reported.

Your system administrator can configure the options for Required AAs and Disallowed
AAs.

To enable the capability to filter by peptide pl, mark the check box for Peptide pl under
Review Fields and then look for the pl filter under Validation and Sorting.

If you wish to use the pl filter for modified peptides, ask your server administrator to first
verify that the pK of the modified amino acid is specified in smconfig.std.xml or
smconfig.custom.xml.
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Step 3. Choose review fields

e Mark the check boxes for data you wish to display. Choose from items
shown in Figure 39. See the text below for additional information.

Note that some fields are unavailable in certain data display modes. For
example, fields that pertain only to peptides are available only in the modes
that display peptide data.

Review Fields

¥ Filename il Sequence [ Hterminus

¥ Score - Sequence map [ cterminus

¥ Fwd-Rev score O jon time [ Cystei

™ Rank 1-2 score " Precursor miz [ Modifications

IV SPI (3} ¥ precursor MH- [ DEQ ratios [ Invert
[ Reverse details [ Detta mass [ iTRAQ intensities

[ Rank 2 details [~ Peptide pl [ iTRAQ ratios control: I 114 'l
[" #Cleavages I ProteinMW [~ Fragmentation mode
[ unmatched ions [ Protein pl I Max tag length

~ | Mean =] intensity | Species ™ Longest tag

[ variable sites ¥ Accession# [~ by pairs

I” start Af Position [ Protein name

Figure 39  Fields for display in Protein/Peptide Summary form

Fwd-Rev score  Difference between scores for top hits from forward and reversed database
searches. If you obtain similar scores for both searches, there is an increased
likelihood of an incorrect assignment.

Rank 1-2 score  Difference between rank 1 and rank 2 database search scores

Intensity  Calculates and includes peptide intensities. The software calculates the
intensities from the extracted ion chromatograms of the precursor ions for
each peptide. The software then calculates either a mean or total intensity for
the peptides that make up the protein. Studies have shown that the total
intensity provides more accurate quantitation than the mean intensity.

Variable sites  Displays sites of variable modifications and amino acid substitutions

Sequence map Displays the amino acid sequence of the matched peptide from the database
search, annotated with the following:

* Red forward-slashes for locations of y-ions
* Blue backslashes for locations of b-ions

¢ Magenta pipes (vertical lines) for locations of both b- and y-ions
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peptide pl
Excel export

DEQ ratios

iTRAQ intensities

iTRAQ ratios
control

Fragmentation
mode

The display allows you to assess b- and y-ion coverage without inspecting the
spectrum, and helps to identify the site of a post-translational modification by
highlighting existence of surrounding b/y ions.

Displays peptide pl, and enables filtering by peptide pl
Exports data to Excel or LIMS

Calculates and displays ratios for differential expression quantitation, such as
light/heavy ratios for ICAT reagents or other reagents that use isotopic labels
See “To calculate DEQ ratios for isotopic labels using the Protein/Peptide
Summary page” on page 134 of Chapter 5.

Displays intensities for iTRAQ marker ion masses

Selects the iTRAQ mass for the denominator for ratio calculations

Shows the fragmentation mode, for example, collision-induced dissociation
(CID) or electron transfer dissociation (ETD)

Step 4. Summarize data

86

¢ (Click the Summarize button to display results in tabular format.
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Reviewing and validating results using the Protein/Peptide

Summary page

To perform the overall procedure

MS/MS Data Review and Validation

2

¢ See “Step 8. Manually review and validate results” on page 39 of Chapter 1.

To use the Spectrum Viewer

Figure 40 shows the Spectrum Viewer, a tool to visualize the sequence

information contained in MS/MS spectra and to evaluate spectral
interpretations from MS/MS database searches or Sherenga de novo
sequencing. To manipulate the Spectrum Viewer, see the descriptions below.
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Figure 40

Color-coding

il Bars |M- b [kbH2o [ kbeMHa [ ka e [le T2 T2 T lers [lees 24+ [ 24

Spectrum Viewer, with y-ions highlighted using the Bars feature

In the Spectrum Viewer, the software color-codes the ions as follows:

¢ Red: C-terminal fragments (y-ions and z-ions)

¢ Blue: N-terminal fragments (b-ions and c-ions)

Reset
Labels
Grou

oy
Shrink

Full I

Allib-y
Allie-z

Rank <.| .>|

¢ Green: Precursor ions, neutral losses from precursor ions, immonium ions
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Reset

Labels

Grow/?
Grow
Shrink
Full

All/b-y

All/c-z

To use the buttons

¢ Use the buttons on the right side of the Spectrum Viewer to manipulate the
display. The buttons do the following:

Resets the spectrum to the original x- and y-axis values.

Toggles among different peak labeling options. These are the default of
interpreted peaks (b, y, etc.), interpreted peaks plus mass labels of all peaks,
interpreted peaks plus mass labels of interpreted peaks, and no labels.

To see the spectrum without the peak interpretations, click the red file name
under the sequence at the top of the Spectrum Viewer. Now click the Labels
button to turn the mass labels on and off. Note that you need to re-display the
spectrum to see the interpretations again.

Expands the spectrum by ten times in the vertical axis
Expands the spectrum in the vertical axis
Reduces the spectrum in the vertical axis

Displays the spectrum with the full x-axis values. If you see a black arrow at
the lower right-hand corner of the spectrum, this means that some of the
spectrum is not displayed because there were no significant peaks in that
region. Click the Full button to display the full x-axis range of the spectrum.

Toggles marking of check boxes for b- and y-ions in the first row under the
spectrum and labels peaks accordingly. The toggle either marks all the check
boxes or resets to defaults.

Toggles marking of check boxes for c- and z-ions in the second row under the
spectrum and labels peaks accordingly. The toggle either marks all the check
boxes or resets to a default subset. In addition, the All/c-z button labels
precursor ions that have reduced charges, as are typically observed in ETD
spectra. When you analyze ETD data, you must click the All/c-z button to see
the appropriate labels for the fragment ions.

To use the features abhove the spectrum

¢ Spectra are annotated with interpretations based on the sequence shown in
white. When both MSTag and Sherenga sequence bars are displayed, click
the sequence for which you wish to see annotations.
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¢ To see the spectrum without the peak interpretations, click the red file
name under the sequence at the top of the Spectrum Viewer. Now click the
Labels button to turn the mass labels on and off. Note that you need to
re-display the spectrum to display the interpretations again.

To use the check boxes in the first row below the spectrum

¢ Mark check boxes for the ion types you want labeled in the spectrum. If you
mark check boxes but do not see any labels, click the Labels button to turn
the labels back on.

To use the features in the second row below the spectrum

¢ Use these features to manipulate the display. These features do the
following:

Go To display a sequence above the spectrum, type the sequence in the box to the
left and then click the Go button.

The sequence in the box is initially set to a default sequence. Mass gaps shown
in brackets indicate portions of the spectrum where there was insufficient
fragmentation to provide an amino acid sequence. You can enter mass gaps in
the middle of the sequence as well as at the ends.

Note that in addition to single-letter capitalized abbreviations for the 20 amino
acids, you can type the following lower-case abbreviations for modified amino

acids:

Symbol Modified amino acid

k Carbamylated lysine

m Oxidized methionine

q Pyroglutamic acid (only at N-terminus of peptide)
s Phosphorylated serine

t Phosphorylated threonine

y Phosphorylated tyrosine
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Bars

Check boxes
labeled I-x

Check boxes for

90

c- and z-ions

Rank

The variable modifications kmqsty are defined by default for the Spectrum
Viewer. But if in MS/MS Search, you specified a different variable modification
for K, M, Q, S, T, or Y (for example, guanidination of K), then that modification
is used instead.

Use the Rank arrow buttons (<- and ->) to go from the sequences that were
identified by MS/MS Search or Sherenga de novo Sequencing to the sequence
that you typed. For MS/MS Search, the arrow buttons cycle between the
peptide from the highest-scoring MS/MS search result and the sequence you
typed. For Sherenga, the arrow buttons cycle through all the Sherenga result
sequences. If you add a custom sequence, the software appends it to the list of
Sherenga sequences that can be cycled.

Select an ion type to highlight. As shown in Figure 40, this allows you to more
easily visualize how the ions align with the amino acid sequence displayed at
the top of the spectrum viewer.

Mark these if you want to label peaks with amino acid sequences combined
with common losses.

Mark check boxes for the ion types you want to see labeled in the spectrum. If
you mark check boxes but do not see any labels, click the Labels button to turn
the labels back on.

Click arrows to display additional Sherenga results. Note that when both
MS-Tag and Sherenga sequence bars are displayed in the Spectrum Viewer,
you must first click the Sherenga sequence bar and make sure it turns from
gray to white before you click the Rank arrows.

To expand the x-axis

¢ Use the cursor to expand a portion of the spectrum in the x-axis. Move your
mouse over the spectrum. When a crosshair is displayed, select the portion
of the spectrum you wish to expand.

¢ Double-click the spectrum or click the Reset button to return to the original
display.

To change the threshold for mass labeling

* The red triangle to the left of the y-axis indicates the threshold for peak
labeling. Click anywhere on the y-axis to change this threshold.
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To produce final results summaries

* See “Step 9. Summarize valid results” on page 43 of Chapter 1.

To manually validate results

For MS/MS spectra from collision-induced dissociation (CID), see guidelines in
Table 4. For MS/MS spectra from electron transfer dissociation (ETD), see
“Interpreting ETD spectra” on page 126.

Table4  Guidelines for manual results validation

Guideline Example
The best spectra are generally —
found by autovalidation, so do not R O Y Y 'E',,m':ﬂzn'sl L R j
expect to see spectra liketheoneto | “un "
the right. " i, i v - E’

[ Vs by by, ¥y Yy i - ‘ b B I
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] & T 7
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Wy o [ bieo [ whzo [ o [ oz [ s [ yee [ bz [eee [ w3 [ wea [¥ bekee [ hspos || yeioroa
[fzeo saivoeovmnimTiozza) | oo | Wonignt [ore =] [ b [ boreo [ ema [ ke omek <] o

* Loss of NH3 occurs from R, K, Q
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» Enhanced fragmentation may be
observed at the following bonds:

His — Xaa
Xaa — Gly
Xaa — Ser
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Table 4

Guidelines for manual results validation

Guideline Example

The peptide bond on the N-terminal / ;

side of Pro is particularly labile 7| RSN SR NI SR SN S S S R g ]
o

(high local proton affinity) and
usually results in an MS/MS
spectrum dominated by the y-ion
ending in Pro.”

It is typical to lack fragmentation
between the first two N-terminal
amino acids (i.e., no by ory,_; ions).

Look for coverage over a significant
portion of the backbone. A series of
consecutive b or y fragments is
better than a random distribution.
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Guidelines for manual results validation

2

Guideline

The peptide bond on the C-terminal
side of acidic residues (D, E) may
show enhanced cleavage.

Be suspicious of a clumped pattern
that occurs frequently throughout
the LC run (usually a background
ion).

Be suspicious if no ions appear
above the precursor ion (when
precursor charge state is >1).

Remember - When in doubt, don't

validate.

» The goal is no false positives.

» Validating a questionable hit
removes it from subsequent
searches.
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* Proton mobility scoring accounts for enhanced fragmentation around P.

t Proton mobility scoring accounts for enhanced fragmentation around D and E.

Spectrum Mill Workbench Application Guide

93



2 MS/MS Data Review and Validation

Data display modes on the Protein/Peptide Summary page

The data display modes on the Protein/Peptide Summary page allow you to
view data in a number of ways, so you can select the mode that best fits your
experiment. The list of display modes is shown in Figure 41. This section
shows examples of data displayed in each mode. The modes are discussed in
the order that they appear in the drop-down list.

Summarize Results for Review

_ SaveSettingsl Feset |

Mode: |Peptide j
[Eeptide
Frotein Summary
| Protein Summary Details
dtan Frotein - Single Peptide ID

none § Praotein - Protein Comparison Columns

Frotein - Protein Comparison Redundant

Frotein - Sample Centric Rows
Frotein - Sample Centric Rows Details

*.5]Protein - Peptide Distribution Columns
Frotein - Peptide Comparison Columns

Figure 41 Data display modes

Searg
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Peptide

Select this mode to display results by peptide. This mode is particularly useful
to validate the database identifications from each MS/MS spectrum. The
output looks like that in Figure 42.

Note that file names are in the format Data_File_Name.aaaa.bbbb.c, where

¢ aaaa = first merged scan

* bbbb = last merged scan

e c = assigned precursor charge (0 means charge was ambiguous)

If you have QSTAR files, see the note on page 34.

Agilent Spectrum Mill - ProteinPeptide Summary

m Summary Settings | Autovalidation | Easy MSMS M Spectrum Summary | Build TIC | Tool Belt m
Pertorm Validation Results Shown Filtered by Validation Category: ot.
s ,

Data Directony: i
hit table read - SpecFestures read

all hits read from tagSummary file

original hits subset determined Files: 1051 Hits: 567

Fwd- Rank1- Un- MH-

‘:::t“:;::i?: # Filename: z Score Rev Rank? f;:)' Hm:l::mne matched slr':;ﬁ:"t'y“ Sequence Matched '““E:Si““ Protein Harmne

Score Score Cleavages  lons (Da)
Oy @R 1 HECDM0247924790 3 1566 1565 1566 683 12 9/25  B25e+005 (K) TOLPSGEELSLYDIAPVTPGVAVDLEHIPTAVE(I) 3375805 15803770 malate dehydrogenase
Cy @R 2 HECOMD226822690 3 1499 1483 1498 667 12 11425  932e+006 (K)TQLPSGSELSLYDIAPVTPGVAVDLSHIPTAVE(I) 3375805 15803770 malats dehydrogenase
€y @R 3 HECOM0.80619030 3 1498 1067 1498 690 13 §¢24  285e+007 (K) TOLPSGSELSLYDIAPVIPGVAVDLSHIPTAVE(I) 3375805 15803770 malate cehydrogenase
Cy @R 4 HECOM0230923890 3 1359 1359 1358 687 13 9f25  7.35e+005 (K) TOLPSGSELSLYDIAPVTPGVAVDLSHIPTAVE(I) 3375805 15803770 malate cehydrogenase
Cy @R S5 HECO020240424860 3 1351 1351 135 676 1 9f25  1.09e+007 (K} ANDAAGDGTTTATVLAQAIITEGLE (a1 2402241 15804735 chaperonin GroEL
Oy @R 6 HEC_OM0246424540 3 1280 1280 1280 683 10 10422 744e+006 (K)TOLPSGSELSLYDIAPVTPGVAVDLSHIPTAVE(I) 3375805 15803770 melate dehyrogenase
Cy @R 7 HEC_DI00A47314730 3 1271 510 417 870 5 §f21  4d41e+005 (K)BQGLTPVLCIGETEAENEAGKTEEVCAR(Q) 3090435 15504508 triosephosphate isomerase

Figure 42  Peptide display mode
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Protein Summary

Select this mode to display results organized by protein. This mode is useful
when your sample fractions are organized in a single data directory, and you
want the peptides from a single protein organized together even if they
originate from different data files.

If you want to include a column for protein intensities, mark the Intensity
check box in the Review Fields prior to clicking the Summarize button. The
output looks like that in Figure 43.

The color code in the Distinct Peptides column indicates the relative number
of peptides detected for each protein. You can see from the corresponding
numbers that darker colors represent larger numbers of peptides.

The color code in the Mean Peptide Spectral Intensity column indicates
relative protein concentrations. Again, darker colors represent higher
concentrations. The number in each cell is the mean peptide spectral intensity,
which is an average of the intensities for all the peptides assigned to that
protein. The peptide intensities are calculated from extracted ion
chromatograms from the precursor ions.

These intensity results are sufficient for studies where you are interested in
sample differences of two-fold or more.
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Agilent Spectrum Mill - Protein/Peptide Summary

Spectrum Mill | Summary Settings | Autovalidation mm Spectrum Summary | Build TIC

Results Shown Fitered by Validation Category: valid
Data Directory: madataSMExampleDatadCAT
hit table read - SpecFeatures read
valid hits read from tagSummary file - Files: 36 Hits: 35
beginning to assemble proteins ... proteins assembled 0.00445 sec
proteing fittered by unique peptides 0003495 sec
proteins fitered by score
calculsted protein coverage maps 0.047936 sec
beginning to roll up proteins into growps . proteins rolled upinto groups 0.002942 sec
protein groups rescdy for display
proteinGroupingdethod. onesSharedPeptide 6 Proteins listed

Distinet Distinct Mean
Group Spectra Peptides Summed Yo AR Peptide Protein MW
(#) =] ) MSMS Search Cowverage Spectral (Da)
Score Intensity
1 20 n 12967 21 3.28e+007 Fr0a0.4
2 10 3 373 19 2 B0e+007 92939
3 1 1 17.20 2 4.43e+007 533542
4 2 1 16.34 3 4 .52e+007 42881.5
5 1 1 1417 13 8.13e+006 10902.8
E 1 1 11.20 1. 1.00e+007 116483.5
Totals: 35 24

Figure 43  Protein Summary display mode
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Protein Summary Details

Select this mode to see results organized by proteins, with all the supporting
peptide information. This mode is useful when your sample fractions are
organized in a single data directory, and you want the peptides from a single
protein organized together even if they originate from different data files.

The top of the summary shows the proteins, as in Figure 44, while the bottom
of the summary shows the individual peptides for each protein, as in

Figure 45. This mode is very useful for manual review and validation of
MS/MS search results. If your sample has multiple fractions, you sometimes
see the same peptide sequences in multiple data files.

w Summary Settings | Autovalidation | Easy MSMS m Spectrum Summany m

Perform Yalidation | Results Shown Filtered by Validation Category: valid
Data Directory: dataSM'E Agilent/Trap liheatshock
hit table read - SpecFeatures read
walid hits resd from tagSummary file - Files: 376 Hits: 2557
beginning to assemble proteins ... proteins assembled 0358199 sec
proteins fittered by unigue peptides 0141813 sec
proteins fitered by score
calculsted protein coverage maps 0454553 sec
beginning to roll up proteins into groups ... . proteins rolled up into groups 0184269 sec
protein groups ready for display
proteinGroupingMethod: oneSharedPeptide 64 Proteins listed

Distinct Distinct M9§n
Group Spectra Peptides Summed % AR Peptide Dataha_se Brateir Hamie
(#) () o MSMS Search Coverage Spectr_al Accession #
Score Intensity
1 95 it 12518 18 1.34e+007 45686195 GroEL
1 95 i 12518 18 1.534e+007 35491462 GroEL
1 95 it 12518 18 1.34e+007 358491468 GroEL
1 95 i 12518 18 1.34e+007 35491464 GroEL
1 95 it 12518 18 1.34e+007 35491478 GroEL
1 95 i 12518 18 1.534e+007 18028150 GroEL
1 95 it 12518 20 1.34e+007 18028158 GroEL
1 a7 = 11374 18 1.34e+007 35491476 GroEL
1 a7 B 10457 22 1.30e+007 37624680 GroEL protein
1 a7 =] 10457 22 1.30e+007 37624675 GroEL protein
1 g9 =1 103.07 15 1.1 2e+007 15804735 chaperonin GroEL
1 a1 = 10181 15 1.531e+007 35491472 GroEL
2 16 7 104 63 19 1 .50e+007 15799694  molecular chaperone Dnak
2 3 1 1847 22 §.05e+006 40591645 Dinak
3 15 4 76.96 g 3.38e+007 15803853  elongation factor EF-2
3 1 1 15.25 72 4. 07e+007 147896  elongation factor G
4 (A 3 4913 9 §.59e+006 15800736  =erv-tRMA syrthetase

Figure 44  Protein Summary Details display mode - top
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Distinct Distinct M9§n
Group Spectra Peptides Summed % AR Peptide Dataha_se Protein Hame
(# MSMS Search Coverage Spectral Accession #
Score Intensity
2 16 7 104 63 12 1 50e+007 15799694 | malecular chaperane DnaKj
Validation category # Filename z Score Fg:;'::“ (S;; ?21?.::;1 Sequence ]
@y R 1 HEC 0020089909022 2 2172 2172 931 2.34e+007 (K)qVEEAGDKLPADDE(T) 1
[ORYE ol 2 HEC 0020083608402 2 2167 1595 961 {K) ASSGLNEDEI QK (M) 1
&y CR 3 HEC 0060090209022 2 1925 1925 91.3 525e+005 (K)qVEEAGDKLPADDE(T) 1
&y R 4 HEC 0080419912062 2 1847 1817 87.2 85%+006 (K)DDDVVDAEFEEVE(D) 1
@y R 5 HEC 0040.0827.08302 2 1766 1394 918 | 487e+007 (K)ASSGLNEDEIQE (M) 1
[ORYE ol 6 HEC 00G0.0&19.0827.0 3 1611 1611 918 3.73e+005 (K)QVEEAGDKLPADDE(T) 1
&y CR 7 HEC 0100422012200 2 1476 1476 924 23%+006 (K)DDDVVDAEFEEVE(D) 1
&y R & HEC 0020144214420 3 1375 1375 826 1.12e+007 (K)IELSSAQQTDVNLPYITADATGPE (H) H
@y R 9 HEC 0060415511602 2 1274 1274 638 1.33e+007 (K)DDDVVDAEFEEVE(D) 1
[ORYE ol 10 HEC 0020481518152 2 1263 1053 960 218e+007 (K) TAEDYLGEPVTEAVITVPAYFNDAQR(Q) ©
[ORY ol 11 HEC 00433713370 3 1025 853 734 339%+006 (K)TFEVLATNGDTHLGGEDFDSE(L) 4

Figure 45 Protein Summary Details display mode - bottom

To view sequence coverage, click a link under the % AA Coverage heading.
Check that you see a display like that in Figure 46. Other protein display
modes have links to sequence coverage as well.

it MAAKDVEFGN DARVEMLEGY NVLADAVEVT LGPEGENVVL DHESFGAPTIT KDGVSVAREI ELEDKFENMG AQMVKEVASE S0
21 ANDRAGDETT TRTVLAQATT TEGLEAVAAG MNPMDLERGI DEAVTAAVEE LEALSVPCSD SERTAQOVETI SANSDETVGE 160
161 LIAEAMDEVG KEGVITVEDG TGLODELDVY EGMQFDEGYL SPYFINEPET GAVELESPFI LLADEEISNI REMLFVLEAV 240
241 AKAGHPLLII AEDVEGEALA TLVVNTMEGI VEVAAVEAPG FGDREKAMLQ DIATLTGGTY ISEEIGMELE KEATLEDLGOR 320
3zl KREVVINEDTT TIIDGVGEER ATQGRVAQIER OOQTEEATSDY DRDKLOEEVA KLAGGVAWIK WCAATEVEME EEKARVEDAL 400
401 HATRAAVEEG VVAGGGVALI RVASKELADLE GQNEDQNVGI EVALRAMEAP LEOIVLNCGE EPSVVANTVE GGDGNYGYMA 420
481 ATEEYGNMID MGILDPTEVT RSALQYAASY AGLMITTECM VIDLPENDAL DLGAAGGMGG MGGMGGMM E48
The matched peptides cover 18% (1017548 AA's) ofthe protein.

Protein Mame: GroEL

Species: Escherichia coli

NCBInr.ecoli Accession # 38491476

MS Digest Index # 11007

pl of Protein: 4.84

Frotein Wit 57315.2 Da

Amino Acid Composition: A74 C3 D36 E45 F7 G59 H1 132 K40 L42 M23 N19 P14 Q16 R22 S17 T33 V58 Y7

Figure 46  Sequence coverage
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2 MS/MS Data Review and Validation

Protein-Single Peptide ID

Select this mode to display proteins that have been identified via a single
peptide. This mode enables review of the annotated MS/MS spectra that led to
these identifications. At least one journal (Molecular & Cellular Proteomsics)
requires that these annotated spectra be submitted with the manuscript.

An example Protein-Single Peptide ID report is shown in Figure 47. Each row
corresponds to the highest scoring instance of the single peptide used to
identify the protein, with a link to the corresponding spectrum. The fourth
column shows how many spectra correspond to that peptide. (The other
spectra arise from additional charge states, same peptide from one of the

other raw files in the directory, etc.)

Agilent Spectrum Mill - Pratein/Peptide Summary

| spectrum Mill | summary Settings | autovalidation | Easy MsMs | MsMS Search | spectrum summary | Build Tic | Toot Bett | Heip |

Results Shown Filtered by Validation Category: valid

Data Directory: ilent/Tr i

it tahls read - SpecFeatures read

valid hits read from tagSummary flie - Files: 375 Hits: 2557
beginning to assemble proteins ... proteins assembled 0.379193 sec
proteins fitersd by Unigue peptides 0135191 sec

proteins fitered by score

calculated protein coverage maps 0453098 sec

beginning to roll up proteins into groups . . proteins ralled up inta groups 0.189575 sec
protein groups ready for display

proteinGroupinoMethoc: oneSharsdPsptide

Distinet
Summed  Hum Fwd-

SrouP “msms  unique MU Filename 2 Score Rew o Spestrum Sequence
Search Peps Pl Score () Intensity
Score

1285 1 & 1 HEC D020146814802 2 2485 2317 1000 | 431e+D0 (R)SCETEDATIADLAVGTAAGQIE(T)

2 2427 1 3 1 HEC 0020154615552 2 2427 1810 984 64584007 (R) TILVPIDISDEELTOR(W)

v | 2351 1 T 1 HEC 0010154745622 2 2351 2351 940 B29e+006 (K)DNPPUDLIDLNPHOQSWPTLUDR(E)

4 2312 1 4 1 HEC 0250128312860 3 2312 2312 2962 380e+006 (K)VLESATANARHNDGADIDDLE (V)

5 a7 1 4 1 HEC 00132313320 3 2187 2187 956 653e+006 (K)ACEEAAEGQUVSPVNFNESPGQUVIAGHE(E)
6 pra =) 1 7 1 HEC 0020088608950 2 278 1458 (K} TGEVPADVARQAR ()

£ 2168 1 4 1 HEC 0020138013992 2 268 1833 956 | 448e+007 (R)GDLGVEIGDPELVGIQK(A)

8 2160 1 1 1 HEC 0020167816820 2 2160 2160 985 23484007 (K)GLTDAAQQUVARVEGE(-)

a 53 1 2 1 HEC 0060138713872 2 253 2153 838 833e+006 (R)AAPSYEELSNSQELLETGIE(W)

Figure 47  Protein-Single Peptide ID display mode

100

MH:
Matched
(Da)
15056
1783875
2460 237
2210057
2884 410
1284 554
1736822
1556 6268

H7a077

Accession
#

563868

15801753

15803763

15803642

16129055

26251148

26248120

15800432

15804332

Protein Hame

|enn\ase, phosphopyruvate hydratas

[hypothetical protein 22335 =]
[stringent starvation protein A 7]
[505 ribosomal protein L2z =]

| rnalonyl-CoA-[acyl-carrierprotein] tre

| succinyl-CoA synthetase subunit bet

ATP synthase subunitB =

Spectrum Mill Workbench Application Guide



MS/MS Data Review and Validation 2

Protein-Protein Comparison Columns

Select this mode to organize your results by proteins, especially if you want to
compare proteins across multiple samples, as in a differential expression
study. This mode is useful when your sample fractions are organized in a
single data directory, and you want the peptides from a single protein
organized together even if they originate from different data files.

If you have multiple fractions for each sample, and each sample has its own
subdirectory on the Spectrum Mill server, then you can use the Group results
by parameter to control whether the individual fractions or the overall sample
results (with all fractions consolidated) are displayed.

Figure 48 and Figure 49 show examples of each type of display. Figure 48
shows the distribution of proteins across a 2D LC/MS/MS run (individual
fractions), while Figure 49 combines the results of all salt fractions into a
single sample.

For an example showing a comparison of two samples (directories), each of
which contain multiple salt fractions, see Figure 18 on page 46.

Agilent Spectrum Mill - Protein/Peptide Summary

| spectrum Mill | summary settings [ autovalidation | Easy M5MS | M5 Search | Spectrum summary | Build Tic | Toot et [ Heip |

Results Shown Filtered by Validation Category: valid
Data Directory: ilent/Tr

it table read - SpecFestures read

walld hits read from tagSummary file - Files: 375 Hits: 2557

beginning to assemble protein ... proteins asssmbled 0.380508 sec

proteins fitersd by Lnigue peptides 0148504 sec

proteins fitered by score

calculated protein coverage maps 0445546 sec

beginning to roll up proteins into groups . . proteins ralled up inta groups 0.187055 sec
protein groups ready for display

proteinGroupinoMethoc: oneSharsdPsptide

Mean intenisity: sum of intensity for all spectra of peptides belonging to protein /# spectra

Distinct
HEC_0000 |HEC_0010 | HEC_D020 | HEC_0040 | HEC_0060 | HEC_0080 | HEC 000 |HEC_0150 | HEC_0250 | HEC 0500 |HEC 1000 | /o Distingt | Summed
#spectra | #spi #spectra | #spi #spectra | #sp #spectra | #spi #spectra | #sp #spectra abase | oonp i Group 5

Accession Peptides Protein Hame

mean | mean | mean | mean | mean | mean | mean | mean | mean | mean | mean # Coverage MSMs | #
intensity | intensity | intensity | intensity | intensity |intensity | intensity | intensity | intensity | intensity | intensity (”’ Search

Score
[ 2 4 8 5 [ 1 3 3 l—_[
DS+000 | 1 61+ | 20884007 | 1 204007 | 1 Fee007 | 5 GGe+06 | 31454005 | 0 &+ |3 1084005 | 2 33eeins |2 pssonp | LE22198 | 18 ‘ 1zs 18l Faal [ILGroEL
[ [ 4 1 4 3 4 [ a [ a l—_l
0.008+000 | 0.006+000 | 3.14+007 |4 BTe+007 | 6 672+005 | 3.756+006 | 6.53e+006 | 0.00e+000 | 0.002+000 | 0.00e+000 | 0.00e+00p | L2L29894 a & 10483 | 5, | |molecularchaperone Dnak
[ 2 3 3 1 ] o ] o [ o l—_[
0.008+000 [1.336+007 | & 2324007 | 27124007 |1 8524007 | 0.00e+000 | 0.002+000 | 0.00e+000 | 0.00+000 | 0.00e+000 | 0.00e+00p | L2503853 2 @ 7695 | 34 ||elongationfactor EF-2
] 3 2 [ [ 2 2 1 1 [ o l—_l
0.008+000 | 47264006 |1.956+007 | 0.00e+000 | 0.002+000 | 1.0264007 | 71824006 |4 53e+005 |1 84e+005 | 0.00e+000 | 0.00e+00p | 2500758 2 g 4913 | 44 | |seryHRNA synthetass
[ [ 2 o a [ [ o
0.008+000 | 0.008+000 | 54284007 | 1 5364007 | 0.002+000 | 0.00e+000 | 0.002+000 | 0.00e+000 | 0.00+000 | 0.00e+000 | 0.00e+00p | 12503383 = 2 GERIA | i Is’ke'ﬂ’q’dem‘y“m"me 130MBILSS
g 4 : a . 0 2 1sso0sz0 | 2 3 88 [kl hydroperoxide reductase, C22 su
0.008+000 | 5.73e+006 | 57554007 | 2.448+007 | 6.362+006 | 2.672+006 | 0.005+000 | 0.00e+000 | 0.002+000 | 0.00e+000 | 0.00e+000 & 61 ¥l hydrop 5
[ [ 3 2 o [ [ ] o [ o l—_l
0.008+000 | 0.00e+000 | 1.342+007 | 36364007 | 0.002+000 | 0.00e+000 | 0.00e+000 | 0.00e+000 | 0.00+000 | 0.00e+000 | 0.00e+00p | 2504515 g E 4609 | 74 ||glycerolkinase
] [ 2 21 3 ] o 1 a [ o l—_[
0.008+000 | 0.008+000 | 55384007 | 26224007 |1 7324007 | 0.00+000 | 0.002+000 | 25164006 | 0.00s+000 | 0.00e+000 | 0.00e+000 | 22243817 FE] 2 4559 | 54 ||malste dehydrogenase
[ [ 1 [ o [ [ o
0.008+000 | 0.008+000 | 1.566+007 | 22264007 | 0.002+000 | 0.00e+000 | 0.002+000 | 0.00e+000 | 0.00+000 | 0.00e+000 | 0.00e+00p | 2503458 o 3 S || I"“'zm5“3’t”5‘F"“D5‘F"“‘3'E cldolass x|

Figure 48  Protein-Protein Comparison Columns display mode, Group results by File
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2 MS/MS Data Review and Validation

Agilent Spectrum Mill - Protein/Peptide Summary

w Summary Settings | Autovalidation | Easy MSMS m Spectrum Summary | Build TIC | Tool Belt m

Results Shown Filtered by Validation Category: valid

Data Directory:

dataSME

hit table read - SpecFestures read
walid hits resd from tagSummary file - Files: 376 Hits: 2557
beginning to assemble proteins .. proteins sssembled 0377028 sec
proteins fittered by unigue peptides 0137336 sec

proteins fitered by score
calculsted protein coverage maps 0456765 sec

beginning to roll up proteins into groups ... . proteins rolled up into groups 0195292 sec
protein groups resdy for display
proteinGroupinghethod: oneSharedPeptide

Mean intensity: sum of intensity for all spectra of peptides belonging to protein £ # spectra

Agilent/Tr liheatshoch

E Agilent/Tr liheatshock Distinct fistinct
a#s ectrra Dalabas. whth) Peptides pumimed Group; Protein Hame
P F Accession # | Coverage MSMS Search #
mean intensity (#) o

a5

ot 45686198 18 7 12518 i | GroEL vl

1?50&00? IR O 7 10483 | oy | molecular chaperone Dnak x|

13__539&%? 15803853 a 4 7696 | 54 |e|ongati0nfal:torEF—2j

i 15800756 3 3 4913 | seryHRNA synthetase =]

5 53e+006 15800756 9 2 41 SEry synthelase

E.i it 15803363 15 3 4912 51 | E-keto-4-deoxyuronate isomerase j

13?; Ze+007 15800320 2 3 2660 |8 pn Ialkyl hydroperaxide reductase, C22 subunit detaxifice

g .

1 9164007 15604315 g 3 09| .y Iglycerol kinase vl

26

2 E9e+007 26245817 | 13 2 4558 | oy | malate dehydrogenase 7|

15.??e+00? (L5055 538 P T 2 M8 gy | fructose-bisphosphate aldolase > |

2 A

315e+007 26249935 g 2 34.68 101 Ielongatmnfal:tDrTu vl

4 = 3

1 BSe+007 26245730 | 25 2 55| 444 | Hypothetical protein yicZ =

Figure 49  Protein-Protein Comparison Columns display mode, Group results by Directory
If you want the software to align and compare amino acid sequences of
proteins within a protein group, use one of these modes:
¢ Protein-Protein Comparison Columns
¢ Protein-Protein Comparison Redundant (discussed on page 103)
To view the aligned sequences, click a link for Group # or Subgroup # in the
report. The software highlights the detected peptides within the sequences.
For more information, see the online help about the multiple sequence
alignment tool within Protein/Peptide Summary (in Spectrum Mill Basics).
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MS/MS Data Review and Validation 2

Protein-Protein Comparison Redundant

This mode is equivalent to Protein-Protein Comparison Columns; however, it
expands each protein group to show all the individual redundant protein
entries that were consolidated in the former mode because of shared peptides.
An example is shown in Figure 50. The redundant hits share a common
Group #. Redundant hits arise from duplicate database entries, homologous
hits, and variants of the protein. You can pick out duplicate database entries
because they exhibit the same score (Distinct Summed MS/MS Search Score)
and amino acid coverage (%AA Coverage).

Agilent Spectrum Mill - Protein/Peptide Summary

w Summary Settings | Autovalidation | Easy MSMS m Spectrum Summary | Build TIC | Tool Belt m

Display Peptides by Pratein SubGraup | Results Shown Filtered by Validation Category: valid
Data Directory: dataSM'E Agilent/Trap liheatshock
hit table read - SpecFeatures read
walid hits resd from tagSummary file - Files: 376 Hits: 2557
beginning to assemble proteins ... proteins assembled 0374028 sec
proteins fitered by unique peptides 015597 sec
proteins fitered by score
calculsted protein coverage maps 0450265 sec
beginning to roll up proteins into groups ... . proteins rolled up into groups 0188672 sec
protein groups ready for display
proteinGroupinghethod: oneSharedPeptide
Mean intensity: sum of intensity for all spectra of peptides belonging to protein £ # spectra

PP heatehoek fati Distinct
5 = HEET: Database LYY Dlst!nct Summed Group -
# spectra = Peptides Protein Hame
£ & Accession # | Coverage MSMS Search #
mean intensity (#)
Score
a5 O
1 Sde+007 45686195 18 i 12318 i GroEL
< 35491462 18 7 12518 | GroEL
1.534e+007 s =
o 35491468 18 7 12518 [ GroEL
1.34e+007 - :
=8 35491464 18 7 12518 | GroEL
1.34e+007 - :
o 35491478 18 7 12318 | GroEL
1.34e+007 S )
<5 18028150 18 7 12518 | GroEL
1.534e+007 e =
=5 18028158 20 7 12518 [ GroEL
1.34e+007 e :
o 35491476 18 5] 11374 | GroEL
1.34e+007 - :
o 37624680 22 = 10457 | GroEL protein
1 30e+007 = : 2
S 7624678 22 G 10457 | GroEL protein
1 30e+007 = : £

Figure 50  Protein-Protein Comparison Redundant display mode, Group results by Direc-
tory
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2

MS/MS Data Review and Validation

Protein-Sample Centric Rows

R:n Run Hame
1 HEC_0oao
2 HEC_0040
2 HEC_0010
2 HEC_0040
2 HEC_0010
2 HEC_0040
2 HEC_0010
3 HEC_0020
3 HEC_00z0
3 HEC_0020
3 HEC_00z0
3 HEC_0020
3 HEC_00z0
3 HEC_0020
Figure 51
104

Select this mode to organize your results by data file. This mode is useful when
your sample fractions (e.g., 2D gel spots) are organized into a single directory
(e.g., spots belonging to the same gel), and you want to organize your results
by fraction. Unlike the Protein-Protein Comparison Columns and Protein
Summary Details modes, this mode requires the one-to-one correspondence of
a protein to a particular data file. If the same protein as been found in
separate data files, it is listed once for each data file.

This display is useful to view all the proteins in each gel spot or band. The
output looks like that in Figure 51.

Distinet Distinct Mee_m
Group Spectra Peptides Summed % AA Peptide

(4] MSMS Search Coverage Spectral

Score Intensity
1 1 1 17.40 2 2.44e+007
] 2 1 2373 2 1.33e+007
2 &1 1 2351 10 9.37e+006
2t 2 1 2075 2 8.54e+006
4 ) 1 16.31 4 4.72e+006
5: 2 2 1461 s 1 61e+006
&1 1 1 1361 4 7. 7Te+006
1 il 5 96.28 16 2.05e+007
2 a 4 iz g 4. 23e+007
3 4 4 69.77 " 3A4e+007
4 4 2 38.34 afig 3.42e+007
5 2 2 34.44 - 9.55e+006
& 2 2 3367 g 2.00e+007
7 3 2 31.49 4 2.25e+007

Database
Accession #

15604578
15603853
15603763
16130805
15600756
45656198
15602125
45686198
15603853
15799694
15603363

45783
15604766

16128108

Protein Hame

|DNA—d\rected FM& polymerase beta' subunit j

I elongation factor EF-2 'l

|stringent starvation protein Aj

|g|ycme decarboxylase, PLP-dependent, subunit (protein F) of glycine o

EZ=

| phenylalany-RNA synthetase heta subunit j
[GoEL =]
[elangation factor EF-2 7]

|m0|ecu|ar chaperone DnaKj

| S-keto-4-deaxyuronate isomerase j

|ProRs =

| adenylosuccinate synthetase _'J

|pyruvate dehydrogenase, dihydrolipoylransacetylase component E2

Protein-Sample Centric Rows display mode, Group results by File
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MS/MS Data Review and Validation 2

Protein-Sample Centric Rows Details

This mode is similar to the Protein-Sample Centric Rows mode, except that the
supporting peptide information also is displayed for each protein. You can use
this mode to validate database identifications. The output looks like that in

Figure 52.

Note that file names are in the format Data_File_Name.aaaa.bbbb.c, where

¢ aaaa = first merged scan

* bbbb = last merged scan

e c = assigned precursor charge (0 means charge was ambiguous)

If you have QSTAR files, see the note on page 34.

Distinet Distinct Mean
Run Group Spectra 5 Summed % AR Peptide Database &
# Buniomic ; Pe|:(v::)des MSMS Search Coverage Spectral Accession# REotsingHame
Score Intensity
1 HEC_0000 ] 1 1 17.40 2 2.44e+007 15804578 | DMNA-directed RNA polymerase be
Fwd-Rev | SPI | Spectrum MH:
# Filename Z | Score & P % Sequence Matched
Score (%) | Intensity (Da)
1 |HEC 0000194319580 |3 | 1790 1790 |94.7 | 244e+007 | (P) AACEAPAAPQVTAEDASASLAELLNAGLGGESDNE (-} | 3167497
2 HECLOMO 1 2 1 2373 2 1334007 15803853 |elongation factor EF-2 x|
Fwd-Rev | SPI |Spectrum b
# Filename 2 | Score % P B Sequence Matched
Score | (%) | Intensity (Da)
1 |HEC 000139714052 |2 | 2373 2023 |97.4 | 9.49e+006 | (E)DVTTGDTLCDPDAPIILER (M) | 2101.012
2 |HEC D0M0A3721384.2 (2| 2219 2219|851 | 1.71e+007 | (K)DVTTGDTLCDPDAPIILER(M) | 2101.012
2 HEC_OMOD 2 & 1 2351 10 3.37e+006 18803763 | stringent starvation pratein A j
Fwd-Rev | SPI | Spectrum b
# Filename z | Score P & Sequence Matched
Score (%) | Intensity (Da)
1 |HEC 0010154715622 |2 | 2351 2351 (940 | 829e+006 | (E)DNPPODLIDLNENOSVRTLVDER(E) | 2460237
2 |HEC 0010156115700 |3 | 1847 1226 |957 | 201e+007 | (K)DNPPQDLIDLNENQSVPTLVDER(E) | 2460237
3 |HEC 0010.1594.1609.0 (3| 1754 12.26 |87.3 | 6.24e+006 | (K)DNPPQDLIDLNPNQSVPTLVDR(E) | 2460237
4 |HEC 0010153415430 (3| 1585 956 (930 | 1.57e+007 | (E)DNPPQDLIDLNPHNQSVPTLVDR(E) | 2460237
5 |HEC 0010461616160 |3 974 6.50 |93.3 | 2.86e+006 | (K)DNPPQDLIDLNIPHNQSVETLVDR(E) | 2460237
B |HEC 0010.15658.1568.2 |2 939 9.39 |938 | 3.11e+006 | (E)DHNPPQDLIDLNPNQSVEPTLVDR(E) | 2460237
Figure 52  Protein-Sample Centric Rows Details display mode
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2 MS/MS Data Review and Validation

Protein-Peptide Distribution Columns

Select this mode to troubleshoot your fractionation method. This display
mode, shown in Figure 53, allows you to look at individual analyses that
comprise your sample. The individual analyses could be 2D LC fractions, gel
slices, or other types of fractions. This display gives insight into whether you
need to adjust analysis parameters for better separation.

Agilent Spectrum Mill - Protein/Peptide Summary

w Summary Settings | Autovalidation | Easy MSMS m Spectrum Summary | Build TIC | Tool Belt m

Results Shown Filtered by Validation Category: valid
Data Directory: dataSM’ Agilent/Trap. liheatshock
hit table read - SpecFestures read
valid hits read from tagSummary file - Files: 376 Hits: 2557
heginning to assemble proteins ... proteins assembled 0.551551 sec
proteins fitered by unique peptides 0164088 sec
proteins fitered by score
calculated protein coverage maps 0.455243 sec
heginning to roll up proteins into growps ... . proteins rolled up into groups 01794355 sec
protein groups ready for display
proteinGroupingMethod: oneSharedPeptide

Distinct Distinct Mean
Group Spectra Peptides Summed % Af Peptide Database Protein Hame
(# MSMS Search Coverage Spectral Accession#
Score Intensity
1 ag 7 12518 18 1. 34e+007 45666198 GroEL
Ll HEC_0000 |HEC_0010 | HEC_0020 (HEC_0040 HEC_0060 HEC_0080 (HEC 0100 HEC_0150 |HEC_0250 |HEC_0500 | HEC_1000
# Sequence Matched 2 7 i A 2 £ & 7 5 7 &
(Da}
1 | (KIAIRSYGTISANSDETY GHL) 17609025 | 1.55e+007
2 | ()BNDAAGDGTTTATYLAQAITEGLK(A) | 2402.2409 56084005 [ElEaesa07 ] 1.26e+007 3106+005 | 6.950+006 | 6.192+006
3 | (KIATLEDLZQAKIR) 1045.5524 4.38e+007
4 | (KIDTTTIDGWGEEAAIQGRY) 18459189 1.50e+006 § o |
5 | (RIGILNCGEEPSY Y ANTYHIG) 19570059 £ 43e+007
6 | (RIQAEEATSDYDRIE) 1454 6394 704e+006 | 4 22e+006 | 3.10e+006
7 | (RIgQIEEATSDYDR(E) 1454 5394 1.73e+006
§ | (RIGQIEEATSDVDREK(L) 1711.7769 &.74e+006
Distinet Distinct Mean
Group Spectra Peptides Summed % Af Peptide Database Protein Hame
(& # MSMS Search Coverage Spectral Accession#
Score Intensity
2 16 T 104 63 19 1.50e+007 15799694 molecular chaperone Cnakt
Ll HEC_0000 HEC_0010 | HEC_0020 HEC_0040 HEC_0060 |HEC_00§0 |HEC_0100 HEC_0150 | HEC_0250 |HEC_0500 | HEC_1000
# Sequence Matchedi(Fee g | bt famna| e s bl el b el | L soe ol se et e st sttt et o
(Da}
1| (£1ASSCLMEDEIGK(M) 12906172 |BEEENEGT (5725007 | 44004005
2 | (KIDDDYDAEFEEWHID) 13096391 1.33e+007 | §.59e+006 |2.352+006
3 | (KIDQGIDLRNDPLAMARLK(E) 1983.0440 218e+007
4 | (KIELSSAQATOVHLPYITADATGPKIH) 2532.2828 1.12e+007
5 | (KISVEEAGDHKLPADDHIT) 1514.7333 3.73e+006 | 2.662+008
B | (KIgWEEAGDKLPADDK(T) 15314.7333 234e+007 9.25e+006

Figure 53  Protein-Peptide Distribution Columns display mode, Group results by File
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MS/MS Data Review and Validation 2

Protein-Peptide Comparison Columns

This display mode, shown in Figure 54, is similar to Protein-Peptide
Distribution Columns, but allows filename, score, SPI, and intensity to all be
reported together, and enables easier Excel export. This mode ensures
reporting of ambiguous locations of modifications (for example,
phosphorylated serine presence not distinguishable between two or more
possible serine residues in a peptide).
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2 MS/MS Data Review and Validation

Data Directory: il T

hit table read - SpecFestures read

valicd hits read from tagSummary file - Files: 376 Hits: 2557

beginning to assemble proteins . proteins assembled 0.379831 sec

proteins fitered by unigue peptides 0.150185 sec . .

proteins fitered by score Ieft slde of dlsplay
calculated protein coverage maps 0456143 sec

beginning to roll up proteins irto groups ... . proteins rolled up into groups 0196426 sec
protein groups ready for display

prateinGroupingkethod: oneSharedPeptice

HEC_0000 HEC_0010 HEC_0020 HEC_0040 HEC_0060
2z Intensity Score 5Pl Filename 2z Intensity Score SPl Filename 2 Intensity Score SPl Filename 2z Intensity Score SPl Filename 2z Intensity Score SPI |
2 95.6 0995.1009.2 2 1.95e+007 13.53 816 0963.0963.2
2 976 102710372
2 [361e+007 1762 940 105710602
2 1.96e+007 1482 91.0 1094.1094.0
2 1B1e+007 1233 754 111511152
2 1.85e+007 1503 368 114211452
2 1.899e+007 1206 71.2 1151.1151.2
2 11284007 1025 EB11 139713872
3 1.69e+007 827 742 1947.1947.0 3 960e+006 11.24 704 259425840 3 236e+007 1600 869 1
3 727e+006 877 715 225322830 3 A03e+007 1248 800 1
3 9.43e+008 1073 745 2388.2388.0 3 31%e+007 1747 953 1
3 7.36e+006 1085 90.9 2400.2400.0 3 234e+007 1308 670 1
right side of display
C 0500 HEC 1000 MH- Database |, o (Protein
core SPI Filename 2 Intensity Score SPl Filename MT;;Ed Sequance AL DEx IO # Gn;up
ATE0A025 | (K)AIAQYGTISANSDETYGHL) 45686198 |1 ikl GroEL I

78 784 189618560 | 3 1.85e+008 1256 802 1860.1860.0

3 887 188148810 | 3 22184006 1027 948 186218620

4 76.0 188518950 3 212e+006 826 843 186518850

Figure 54  Protein-Peptide Comparison Columns display mode, Group Results by File
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To set parameters and run the de novo sequencing algorithm 111
To generate a Sherenga report 113

To view detailed Sherenga results 116

To compare Sherenga results with MS/MS Search results 118

The Spectrum Mill workbench includes an advanced algorithm, called
Sherenga, for de novo sequencing. This algorithm helps to sequence new
peptides and to confirm results of database searches.

Historically, de novo sequencing algorithms have been difficult to develop. The
major challenge in sequencing peptides from MS/MS spectra is that peptides
do not usually fragment between each amino acid. While incomplete
fragmentation information complicates any de novo program, Sherenga makes
reasonable attempts to fill in the missing information.

The Sherenga algorithm uses graph theory for de novo peptide sequencing and
sequence scoring.* Graph theory is a branch of mathematics which describes
how networks (such as transportation networks) can be represented and their
properties measured. A graph is an abstract symbolic representation of a
network which consists of a set of vertices connected by edges. To simplify,
one may use the analogy that the edges are like streets and the vertices are like
intersections.

When graph theory is applied to spectra, the mass peaks are considered
vertices and the differences in mass peaks are considered edges. These edges
have lengths equal to the masses of the amino acids (or sometimes di- or
tri-peptides). Each peak in a spectrum is assigned several possible fragment
ion interpretations (vertices). Although peaks can arise from fragmentation at

* Dancik, V.; Clauser, K. R.; Addona, T.A.; Vath, J. E.; Pevzner, P.A. “De novo Peptide Sequencing via
Tandem Mass Spectrometry”, J. Comp. Biol. 1999, 6, 327-342.
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either the N-terminus or the C-terminus, all peaks (vertices) are converted to
N-terminal equivalents. Then the Sherenga algorithm attempts to find the
longest possible path through as many interpretations (vertices) as possible.
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To set parameters and run the de novo sequencing algorithm

1 Navigate from the Spectrum Mill home page to the Sherenga de novo
Sequencing page, as shown in Figure 55.

2 Use the information below to set parameters. In general, you should keep
the default values, except for the data directory.

3 Click the Sequence button.

Agilent Spectrum Mill - Sherenga de #ove Sequencing

w Protein/Peptide Summary | Spectrum Summary | Tool Belt m
Sherenga de novo Sequencing

Stz SEilge | Rz | I r all prior Sherenga results

I Show Equivalent Masses
Maximum reported hits: 10 s
mn: &) L

Kig: K & g ¢ Both

Select .. |ExampIeDatalAgiIent\TraplecoIilheatshock

Choose... |F"‘9d: Carbamidomethylation (C) Variable:

Sequencing Parameters
Scoring: IAgiIentESI ion trap j Min. vertex a;l:ore:l5 ¥ sequence tag length: IE I4

Show Advanced >> |

Data Files

Spectrum files { Jcpick_in/ )

*.2.pkl B
*.0.pkl

*.1.pkl

*

.3.pkl x|

Figure 55  Sherenga de novo Sequencing page

validation filter: | good-spectrurm-sequence-hotvalidated j

Maximum Set to the maximum number of Sherenga interpretations you would like for
reported hits each spectrum.

Validation filter  Set in one of the following ways:

¢ If you took the time to designate your spectra as “good” or “bad,” as
described in “To check for remaining high-quality spectra” on page 62, set
the Validation filter to good-spectrum-sequence-not-validated. This
ensures that the software processes only the uninterpreted spectra you
designated as “good”.
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Show Equivalent
Masses

Data Directory

Modifications

Scoring

Sequence tag

length

Show Advanced

112

¢ Otherwise, set the Validation filter to
spectrum-not-marked-sequence-not-validated.

For amino acids that have the same nominal mass, select how you would like
to display the results. For K/Q, choose Both if your instrument has sufficient
mass accuracy to distinguish between these two.

Click the Select... button to choose the folder where your files reside.

Click the Choose... button to select the modifications that match the
chemistry for your samples. For details, click the blue bar labeled
Modifications to access the online help.

Choose the appropriate file for Sherenga’s learned parameters. Since the
learned parameters are instrument-dependent, select your instrument.

The scoring is based on learned parameters for each type of tandem mass
spectrometer. The algorithm has “learned” rules regarding ion types and
intensity thresholds from sample spectra of known amino acid sequence.

Mark this option to prevent de novo sequencing of spectra that contain little
sequence information. Do not set the tag length to less than 4.

The sequence tag length represents the longest sequence of amino acids that
can be located in the spectrum. Larger numbers filter out more spectra,
keeping those of the best quality.

Click this button to display advanced Advanced Parameters. These are
described in the online help.
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To generate a Sherenga report

1 While Sherenga runs, check that you see a display like that shown in
Figure 56.

Results

Stop Search PID: 1636

-comb -opt

F:\Spectrumbillmsparams_millesionTrap trypsin.zl _2.sherc -sma 10
-ozp -ntop O -ctop O -swi 100 -vst 5 -gth -gbr -spo -ifc -pap2 -grr2 -
fm carbamidomethylation -ilm | -kgm @

Processing first of 80 files ...

EC: O HEC 0000.2035.2047 .0 pkl txd
EC: OHEC 0010.0544 0547 2 pkltxd
EC: O HEC 0020.0533.0548.0 okl txd
EC: OHEC 0020.0543.0543 2 pkltxd
EC: 0 HEC 0020.0596 0596 .0 pkl txd
EC: 0 HEC 0020.0905.0907 2 pkltxd
EC: OHEC 0020.0922 0931 .0 pkltxd
EC: OHEC 0020.0926 0926 2 pkl txd
9. EC: OHEC 00200935 09352 pkl fd
100 EC: O HEC 0020099510012 pkl td
1. EC: OHEC 00201013.1015.2 pkl
12 EC: O HEC 00201087 .1090.2 pkl txd

42 B/ A HES OO0 A48E 4474 7 nlld bk

Figure 56  Display while Sherenga de novo Sequencing runs

e e

2 If you want to view results while Sherenga runs, click a file name link. After
you see the Sherenga report at the bottom of your screen, click an amino
acid sequence link to display the Spectrum Viewer.

3 When the Sherenga algorithm is complete, navigate from the Sherenga de
novo Sequencing page to the Sherenga de novo Summary page.

4 Check that you see the form shown in Figure 57.
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Summarize Results for Review

SaveSettingsl Feset |

Select... |ExampIeDatalAgiIent\TraplecoIilheatshock

Parameters

Min. vertex score: |5 [T Show aligned sequence tags " Force tryptic digest

Sort by |Sherenga Score j
Result files { .results_sherenga/)
O EXE ;I

Figure 57  Sherenga de novo Summary form

(2]

If it is not already selected, select the directory where your data resides.

Set the Min. vertex score. If you do not want to include interpretations
made on smaller peaks, raise this threshold. Amino acids interpreted based
on smaller peaks are then replaced by their mass gaps. In the detailed
results that follow (see bottom blue highlight in Figure 59 on page 117),
Orig. Score represents the Sherenga score calculated with a minimum
vertex score of 5, while Score is the Sherenga score calculated with the
value you specify here.

~

Set other parameters. (The defaults are good choices.)

If you wish to consider only tryptic peptides in the results, mark the check
box to Force tryptic digest.

9 Click the Summarize button.

10 Check that you see the Sherenga top-level report, as shown in Figure 58.
The components of the report are described below.
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SS
TL
TS

MS/MS Search
Delta MH*

Filename

Sherenga
Sequence Tag

MS/MS Search
Result

Sherenga de novo Sequencing 3

Results
MS/MS Search
S5 TL TS Delta Filename Sherenga Sequence Tag MS/ME Search Result
MH-
307 9 50 0.7 HEC 0020.1556.1564.2.pkl.txt [414.52]HINVVDAGGAGOFISA[215.27] MGLVIKAALGALVVLLIGYWLAK
292 10 HEC 0020.1766.1780.2.pkLtxt [251.35]YHINVYDAGGVASFGGI3IT2.49]
285 9 HEC 0020.2376.2385.2.pkLtxt [H 4. HINVYSGGYAGOFI[373.45]
283 9 HEC 0020.2242.2256.2.pkltxt V[292.61]IFSYAAGTAVGYVGIN[396.32]
280 10 54 0.6 HEC 0020.1537.1549.2.pkl.txt [H4.IG]HGGHYVDAGGEQFI[157.54][215.86] MGLVIKAALGALVYLLIGYLAK
278 10 6.5 0.7 HEC 0020.1387.1391.2.pklixt [327.27]SGGIGGVVPGSMGOAATS[303.99] MGLVIKAALGALVYLLIGYLAK
275 10 HEC 0020.1294.1298.2.pkLtxt [H4.45]HGGHYVEGGGAGQFI[373.48]
274 9 HEC 0020.1510.1510.2.pkLtxt [324.48]ITIATGGTIAGGGD]158.35][229.18]
269 10 HEC 0020.1595.1609.2.pkLtxt [H4.3HHIPASGYSGGAGEFI[157.93][215.57]
264 9 HEC 0020.1429.1444.2.pkLtxt [#14.49]HINVYADGGEGAFI[373.31]
264 & HEC 0020.1962.1972.0.pkLtxt [#14.59]PGFGGAAPAGGAVPHH[3IT].40]
263 10 HEC 0040.1298.1311.2.pkLtxt [212.87]IA[142.2310GDVAGEVGGHH[371.94]
262 9 HEC 0020.1339.1349.2.pkLtxt [396.35]GGHAGGVGGADVYHHI[157.85][215.56]
262 9 6.7 1.1 HEC 0020.1583.1588.0.pkL.txt [#14.39]GGINVYADHEQFI[373.44] MGLVIKAALGALVYLLIGYLAK
257 10 HEC 0020.1708.1711.2.pkLtxt [H450JHIGGYYSGGYEQFI[373.44]
257 9 HEC 0020.1924.1936.2.pkl.txt [253.10]ROSPGGAGSGTVVHIHS[286.17]
250 & HEC 0020.2532.2547.2.pkLtxt [358.21]AVINVYSTGAAYGPI[373.34]
248 9 HEC 0020.2265.2268.2.pkLtxt [303.48]SHPGPYVGGHGGGAPIH[158.19][215.25]

Figure 58  Sherenga top-level report

Sherenga Score for the most likely interpretation
Tag Length - sequence tag length
Tag Score - peptide score for MS/MS Search results

Difference in mass between experimental MH" and MH" of database match

Filename for detailed Sherenga results. These are in the format
Data_File_Name.aaaa.bbbb.c.pkl.txt, where

* aaaa = first merged scan
¢ bbbb = last merged scan

e c = assigned precursor charge (0 means charge was ambiguous)
If you have QSTAR files, see the note on page 34.

Amino acid sequence for Sherenga interpretation with highest score. A
bracketed number in the sequence indicates a mass segment that could not be
reliably interpreted because there were insufficient cleavages to assign amino
acids or because there was an unusual modification of an amino acid.

Amino acid sequence for best MS/MS Search interpretation
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Sherenga de novo Sequencing

To view detailed Sherenga results

1 Click a link under the Filename header.

2 Check that you see the Spectrum Viewer, as shown at the top of Figure 59,
and the Sherenga results list, as shown at the bottom of Figure 59.

The Sherenga results list is comprised of multiple Sherenga interpretations
for the same spectrum. The most probable interpretation (Sherenga 1) is
initially displayed in the Spectrum Viewer.

3 Click the Rank arrow buttons in the lower right-hand corner of the
Spectrum Viewer to display the various interpretations in the Sherenga
results list. See “To use the Spectrum Viewer” on page 87 of Chapter 2 for
more details.

If you see an MStag 1 sequence at the top of the Spectrum Viewer, first click the
Sherenga 1 sequence and make sure the background for the Sherenga sequence turns
from gray to white. Then click the Rank arrow buttons.

4 Scroll below the Sherenga results list to view details on the interpretation.

5 If you have additional information about the sequence, you can evaluate
your own sequence versus the spectrum.

a Be sure that you have selected the Sherenga sequence as described in the
note just above. That way your sequence will append to the Sherenga list.

b Type your sequence in the box to the left of the Go button in the
Spectrum Viewer. Where you have missing information, enter mass gaps
in brackets, as illustrated with the default sequence shown in the box.
You can enter these mass gaps anywhere in the sequence, including the
middle or ends.

Click the Go button.

d Select Bars options to see how the theoretical fragment ions from your
sequence line up with the spectrum.

e Use the Rank arrow buttons (<- and ->) to go from the sequences that
were identified by Sherenga de novo Sequencing to the sequence that

you typed.
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m Summary Settings Protein/Peptide Summary | Spectrum Summary | Tool Belt m

Reset

Labels

Sron

Growy

Shrink

Full

Allip-y

Allfo-z

sherepoail]] [ad.27] | ] | & | ¥ | T | & | & s ] v | E | [69.94] | [ |
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43945 v,
100.%
)
¥
7
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My Wb [ bHzo [T wH2O [ a [ b-NHZ [ wNHZ W ow++ [ aieerHzo W obee [ y#3 [ b+3 W b+H2O [ wH3PO4 [ w2H3PO4 [ b-HIPO4
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[184.27|DAY TAAGVE[169.94]Q:
I Lraz i7a2] peazn | o Jalw |1 lalalsl v | e |peosg] o 1314.85 657.93 |
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Figure 59 First Sherenga interpretation outlined in rectangles in both the Spectrum Viewer (top) and Sherenga

results list (bottom)
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To compare Sherenga results with MS/MS Search results

¢ In the detailed Sherenga results, compare the de novo sequencing results
with any available MS/MS Search results.

When database search results are available, the software displays them
along with the Sherenga interpretations. The database sequence (labeled
MSTag 1) is displayed just above the Sherenga sequence shown at the top of
Figure 59. It is also displayed above the Sherenga results list shown at the
bottom of Figure 59.
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To set up Agilent ion trap ETD analyses for use with the Spectrum Mill
workbench 120

To use the Data Extractor for ETD data 121

To use MS/MS Search for ETD data 121

To use Protein/Peptide Summary for ETD data 122

To use Sherenga de novo Sequencing for ETD data 122
Overview of electron transfer dissociation 123
Interpreting ETD spectra 126

This chapter describes use of the Spectrum Mill workbench to process electron
transfer dissociation (ETD) data from Agilent ion traps. The data files can
contain ETD spectra alone or in combination with collision-induced
dissociation (CID) spectra.

ETD data is in general processed the same way as any other MS/MS data, so
you follow the step-by-step procedures described in Chapter 1, “Basics for
Processing MS/MS Data”. This chapter discusses the unique aspects of ETD
data, and includes the following:

¢ Several sections that describe specific Spectrum Mill settings for ETD data
¢ Two sections that provide general information about ETD data
Overview of electron transfer dissociation

Interpreting ETD spectra

Please see the Familiarization Guide for a related exercise on Spectrum Mill
processing of ETD data.
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Processing lon Trap - ETD Data

To set up Agilent ion trap ETD analyses for use with the Spectrum
Mill workbench

When you set up data acquisition parameters on the Agilent ion trap, it is
critical that you establish analysis settings that are compatible with Spectrum
Mill processing. Please keep in mind the following:

1 Do not generate CID-ETD MS? data. That data type is not supported with
the Spectrum Mill workbench.

2 If you wish to generate ETD-only data, in the Auto MS(n) tab within the
ETD dialog box, be sure to clear the CID-ETD check box. See Figure 60.

ETD

ETD Mode Source ' On (" Flush ¢ O ready

IFragmentation Auta MS[n) j

Auta M3[n) | Marual MS[n]I ETD Sourcel
Reactant

Aoy Time |3U.UD ms M5 /M5 stage IMS.-"MS 'l Maw. ETD precursor mass I‘IDDD méz
¥ Remove |21D Mz

- I; W
Alternating spectra bl s | st I

% None ¢ Cb

ETD CutOff {155 mdz Time ISD ms Smart Decomp |aut0 vi
CID/ETD
L ETD %
CID
CID/ETD
zt?allgo:;lr;%ii[gL I j | Apply I Cloze | Festore ETD Souncel Saye ETD Source |

Figure 60  For ETD-only data, do not mark the check box that is highlighted.
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To use the Data Extractor for ETD data

* Use the Data Extractor for ETD data exactly the same as you would for any
other Agilent ion trap data. See Chapter 1, “Basics for Processing MS/MS
Data,” starting on page 11.

The Data Extractor automatically determines whether the spectra are from
CID or ETD experiments, and it merges spectra of like data types only. This
means that a given data file can contain either or both types of spectra. The
Data Extractor also notes in a file (SpecFeatures.1.tsv) the dissociation method
(CID or ETD) for each extracted spectrum, so that MS/MS Search can apply
the correct scoring.

To use MS/MS Search for ETD data

¢ Specify the correct instrument, either:
Agilent ESI ion trap ETD
Agilent ESI ion trap MIX-CID-ETD

If you accidentally set the instrument to Agilent ESI ion trap, the software
searches each spectrum using the correct parameters, but the file that saves
the search settings (mstag.#.params) may indicate the wrong instrument
type.

¢ If you have spectra with higher charge states, change the setting for
Maximum ambiguous precursor charge to a larger number.

For enzymes such as trypsin that produce shorter peptides, it is best to
try 3 first, then see if you get more valid hits by setting to 4 or 5.

For enzymes such as LysC that produce longer peptides, it is best to try 4
first, then try 5 in a subsequent search.

Other than the specifics described in the bullets above, you run MS/MS Search
the same as you would for other ion trap data. MS/MS Search automatically
detects the extracted ETD and CID spectra and applies the appropriate search
conditions and scoring. For example, if you enable proton mobility scoring, the
software applies it to CID spectra but not to ETD spectra. The software
searches ETD and CID spectra in separate batches.
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To use Protein/Peptide Summary for ETD data

When you summarize ETD results in peptide mode:

¢ If you have mixed CID/ETD data, under Review Fields, mark the check box
for Fragmentation mode so you can properly judge each spectral
interpretation.

¢ In the Spectrum Viewer, click the appropriate button for each
fragmentation type:

All/c-z for ETD
All/b-y for CID
¢ In the Spectrum Viewer, choose the appropriate setting for Bars:
cor z’ for ETD
b or y for CID

When you summarize ETD results in one of the protein modes, do the same as
for any other ion trap MS/MS data processing. See Chapter 1 and Chapter 2 of
this manual.

To use Sherenga de novo Sequencing for ETD data

¢ Specify the correct instrument, either:
Agilent ESI ion trap ETD
Agilent ESI ion trap CID-ETD-mix

Other than changing the instrument setting, you run de novo sequencing the
same as with other MS/MS data.
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Overview of electron transfer dissociation

Electron transfer dissociation (ETD) is a method of inducing MS/MS
fragmentation by reacting peptide cations with negatively charged ions
(anions). In the case of the Agilent ion trap, the anions are fluoranthene
anions that are introduced into the ion optics just prior to the second
octopole. These radical anions react with pre-selected peptide precursor ions
that are multiply charged. The anions transfer electrons to the precursor ions,
which then rapidly undergo fragmentation.

a N

Negative ion generator
(fluoranthene) introduced
at octopole 2

Spray chamber

and optional

microfluidic chip

interface
Isolated analyte cation packets are pulsed 3D ion trap
into ion optics, followed by negative ion and detector

packets. All ions are collected in the ion trap
and reacted via gas phase ion-ion
interactions

[(Peptide + 3H)3* + Fluoranthene— > (Peptide + 3H)2** + Fluoranthene|

Figure 61  Overview of electron transfer dissociation on the Agilent ion trap
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Relative to CID, the primary advantages of ETD are more complete
fragmentation and enhanced capabilities to characterize post-translational
modifications.

¢ ETD generally affords a fairly complete series of c- and z-ions. (See
Figure 62.) Relative to tandem MS by CID, ETD fragmentation is less
sensitive to the amino acid makeup of the peptide sequence, the peptide
length, and the presence of post-translational modifications.

* ETD works better as the precursor charge state increases. CID generally
produces better results at 2+, but ETD usually produces more sequence
information for charge states of 3+ and higher.

¢ ETD spectra are complimentary to CID spectra, which typically exhibit b-
and y-ions.

e With ETD spectra, database matching and de novo sequencing are
enhanced due to more complete fragmentation.

¢ In the ETD process, phosphorylation and glycosylation sites remain intact,
which enables confident localization of these post-translational
modifications within the peptide amino acid sequence.

Figure 62  ETD generates primarily c- and z-ions
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For further reading
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Interpreting ETD spectra

To learn what to expect with ETD spectra, examine the spectra in Table 5.

Table5 Comparison of ETD and CID spectra of peptides

Comparison Example

Comparison of ETD and CID for - N

the triply-charged

phosphopeptide TTHYGSLPQK | sooof T | ¢ty G 1S 1 L 1P 1 Q@ | K

(m/z= 404.7): KQ PL 1 g g Y 1 H ' T LI I

+ ETD shows c- and z-ions, 4000 . 536“3“]3: : I[M+2H]2" I I I
while CID shows b- and 3000 ETD 3| " 4026 606.7 o2 [M+H]

y-ions.

» ETD shows an essentially
complete fragment series,
while CID shows only a few
of the fragments.

» ETD fragments clearly show

the phosphotyrosine residue,

while CID shows no
indication of the phosphate

group.

400

Cs

600 800 1000 1200 m/z

x104
1.25

1.00

0.75.

0.50

0.25

0.00

-H 2+
[bs-H,012%,

800 1000 1200 mz

126
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Table5 Comparison of ETD and CID spectra of peptides

Comparison Example
Comparison of ETD and CID for - \
triply-charged angiotensin | y TMH]*
2
(m/z=432.9): x105 [M+2H]+ ETD 1296.1
» There are more fragments in 2.0]
the ETD spectrum than in the
CID spectrum. 1.5 [M+3H]*3 +3
 For precursor ions with c 432.9 Y
higher charge states (+3 and 19 0.3 2
up), ETD spectra are Cs 8 1cs Co
p) pect 0.51 a3 2, 1009.1% 9
generally rich in 910.3 1045.7 : l
fragmentation. 0.0 | : . : : l : [ L, |1 !I ‘IH : 1} “. | l.u. .
200 400 600 800 1000 1200 m/z
o CID
+3
b,
784.4 b
8
1028.5
| bt L T . .l . . .
200 400 600 800 1000 1200 m/z
\, J
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Table5 Comparison of ETD and CID spectra of peptides

Comparison Example
Comparison of ETD and CID of N
doubly-charged angiotensin | AT
(m/z = 648.8). X1% [M+2H]+2 ET D [ 1296]7
+ The doubly-charged : ’ ’
precursor is more difficult to 1 5l + 2
fragment using ETD.
» For +2 charge states, ETD 101 c
spectra generally show ' Cg 1182.7
limited fragmentation. 051 cs*2 10['5'6 }
332.5
0.0° J,h] N l [ | II. | | I | l ul I | I “ hlmm_
N T T T T T T T T T v T -
200 400 600 800 1000 1200 m/z
4 b
x10 4 6
s CID
+
2 0,
1028.5
f 4 lan.lIJ " ‘ll v , v
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In ETD spectra, proline never Note the absence of the z3 and cy ions from the spectrum on page 126.
yields c- and z-ions because

their formation would involve

cleavage of a N-C bond in the

ring system.
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In this chapter, you learn in detail how to process data for differential
expression quantitation (DEQ). You learn how to process isotope-coded
affinity tag (ICAT) and other isotopically labeled data to compute light/heavy
ratios. You also learn how to process data from iTRAQ studies, which use
isobaric tags with low-mass MS/MS signature ions rather than isotopic labels.

Labeled data is in general processed the same way as any other MS/MS data,
so you follow the step-by-step procedures described in Chapter 1, “Basics for
Processing MS/MS Data”. As you process the data, you set specific parameters
in the Data Extractor, MS/MS Search, Protein/Peptide Summary, and
Spectrum Summary forms to enable differential expression quantitation. This
chapter describes those settings.

At installation, the software supports the following modifications for
differential expression quantitation:

e ICAT Do/Ds
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b Processing ICAT, iTRAQ, and Other Data for Differential Expression Quantitation

« cICAT 12¢/13¢c

e C-terminal methyl ester Dy/Dg

* N-terminal propionyl Dy/D5

¢ C-terminal 16O/ 18

¢ iTRAQ reagents

* Metabolic labels:
SILAC 2 (Arg 0-6Da, Lys 0-8Da)-mix
SILAC 3 (Arg 0-6-10Da)-mix
15N and N/1°N mix

The software allows you to add custom modifications to support quantitation
studies. See the online help for system administrators.

Note that with the exception of 14N/ 15N and iTRAQ calculations, differential
expression calculations are not supported for data that uses the generic Data
Extractor. Because the generic extractor processes exported rather than raw
files, it retains less functionality than the raw file extractors.
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Processing ICAT, iTRAQ, and Other Data for Differential Expression Quantitation b

To use the Data Extractor for a differential profiling study

1 Click the Choose... button to set the appropriate Fixed/Mix Modification.
Table 6 lists the supported labels and the corresponding options you must
select. If your sample contains a mixture of labels and you want the
software to calculate the ratio, select one of the mix options.

2 Set other parameters as described in Chapter 1.

Table 6  Reagents for differential expression quantitation and corresponding Spectrum Mill settings

Reagent Fixed/Mix Option to select
Modification listed
under:
ICAT Dy/Dg (original ICAT reagent) Cysteine ICAT-DO, ICAT-D8, or ICAT-mix
cICAT 12¢/"3¢c (newer, cleavable ICAT reagent) Cysteine cICAT-C12, cICAT-C13, or cICAT-mix
N-terminal propionyl Dy/Ds N-terminus Propionyl-D0, Propionyl-D5, or Propionyl-mix
iTRAQ N-terminus and K iTRAQ or iTRAQ Partial-mix (the latter if you
suspect incomplete labeling)
C-terminal methyl ester Dy/D3 C-terminus, D, and E ~ Methyl_Ester, Methyl_Ester-D3, or
Methyl_Ester-mix
C-terminal '%0/'80 C-terminus 018 Free Acid or 016/018 Free Acid-mix
15N and "*N/"®N mix Metabolic N15 or N14/N15 mix
SILAC Metabolic Any of the SILAC options (All are mixes.)

Extractor details for all -mix modifications except iTRAQ and 14N /15N mix

The mix options ensure that all the necessary chromatogram peak areas are
calculated as the data are extracted. Data Extractor always calculates peak
areas from the extracted ion chromatograms (EICs) of each precursor ion
subjected to MS/MS. When light/heavy reagents are used, Data Extractor
calculates additional EICs to ensure that both the heavy and light precursor
ions are quantified, even if only one of these was actually subjected to MS/MS.

When the modification is set to a mixture of light/heavy labels, Data Extractor
calculates peak areas for a number of additional parallel EICs, one of which
represents the other member of the light/heavy pair. More EICs are calculated
than are actually necessary for the light/heavy computation. Taking ICAT as
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Processing ICAT, iTRAQ, and Other Data for Differential Expression Quantitation

an example, the reason for this is that Data Extractor does not know whether
it has extracted a cysteine-containing peptide, a light member of the pair, or a
heavy member of the pair. It also does not know how many cysteines are
present, and it does not know the charge state of the precursor ions. All the
parallel EIC areas are stored until the Spectrum Mill workbench’s
interpretation is complete. Then the correct ones are retrieved for ICAT
calculations. As a result, EICs are calculated for both the light and heavy
labels, even if only one is subjected to MS/MS. A similar process occurs for
SILAC, which can include light/medium/heavy labels.

The generic Data Extractor (the one that processes peak lists) does not have
access to the raw mass spectral files, so it cannot calculate the EICs that are
needed for ICAT-like quantitation.

Extractor details for iTRAQ

The iTRAQ intensity calculations do not require EICs. The abundances of m/z
114 through 118 are calculated from the MS/MS data.

You can calculate iTRAQ ratios for data that originates with the generic Data
Extractor.

Extractor details for 1*N/1°N mix

For 14N/ 15y mix, quantitation occurs at the report level rather than at the
extractor level. The Data Extractor does not calculate parallel EICs, so
quantitation is possible only when MS/MS is performed on both the 14N and
the 1N members of a peptide pair, and the MS/MS Search results indicate the
same sequence and charge. The Data Extractor provides quantitative
information for all ions for which MS/MS is performed, and the ratios are
calculated in Protein/Peptide Summary based on this information.

You can calculate *N/15N ratios with data from the generic Data Extractor.

If you wish to perform quantitation for labels with small mass differences (~4 Da)
between the light and heavy versions, change Merge scans with same precursor m/z
to +/-1.0 m/z or lower.
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To use MS/MS Search for a differential profiling study

1 Click the Choose... button to set the appropriate Fixed/Mix Modification.
See Table 6 on page 131 for details.

2 Set other parameters as described in Chapter 1, except if you have iTRAQ
data, do not mark the check box for Proton mobility scoring.

With the exception of iTRAQ, If you select one of the variations that ends in
mix, each spectrum is searched multiple times — once for each possible label.
The results are merged as a single output.

For iTRAQ, only a single search is necessary. Since the four tags are isobaric,
all four versions of the iTRAQ label are simultaneously fragmented during
MS/MS. Further, all four iTRAQ labels produce the same MS/MS fragments for
a given precursor peptide. Therefore, the iTRAQ labels do not have to be
searched as a mix. However, the four tags produce different peaks in the 114 to
117 mass range and the abundances of these peaks are used by the Spectrum
Mill workbench for relative quantitation.
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b Processing ICAT, iTRAQ, and Other Data for Differential Expression Quantitation

To calculate DEQ ratios for isotopic labels using the
Protein/Peptide Summary page

Use the Protein/Peptide Summary page to calculate DEQ ratios.

1 Mark the DEQ ratios (differential expression quantitation ratios) check
box.

2 If you want to see your modification in a report that shows peptides:

Mark the check box for N-terminus, C-terminus, or Cysteines, if your
label reacts at one of those sites. (For example, mark Cysteines for ICAT
reagents.)

Mark the check box for Modifications if your label reacts at an amino
acid other than cysteine.

3 For ICAT and similar labels, when you want to see the pairs together in a
peptide report, set Sort peptides by to Sequence.

4 (Optional) Use the Required A As box to filter results so that only the
isotopically labeled peptides are shown. For example, select C in the
Required A As box if the isotopic label modifies cysteine.

b5 Set other options.

6 Click the Summarize button.
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To interpret DEQ results for isotopic labels in peptide mode

* Check that your results resemble those in Figure 63, which shows ICAT
results displayed in peptide mode on the Protein/Peptide Summary page.

¢ Note the columns labeled Cysteines and L/H. L/H means light/heavy. For
SILAC reagents with three labels, you also see L/M, for light/medium.

e If n/c appears in the report, it means not calculated. If the Data Extractor
cannot determine a charge for a peptide, it assumes a charge of +2 for
determining the mass shifts for quantitation, and it looks for up to two
modification sites in the peptide (e.g., two cysteines at most). When the
actual charge is not +2, or when there are more than two modification sites
in the peptide, the ratio is not calculated, and is reported as n/c.

Ratios are also reported as n/c when the peptide does not contain the
amino acid that reacts with the labeling reagent.

Agilent Spectrum Mill - Protein/Peptide Summany

m Summary Settings | Autovalidation | Easy MS/MS m Spectrum Summary | Build TIC | Tool Belt m

Results Shown Filtered by Validation Categorny: valid

Data Directony: msdataSM'ExampleDatalCAT
hit tahle read - SpecFeatures read
valid hits read from tagSummary file - Files: 41 Hits: 40

#

L e o R

w

10
ik
12
13
14
13
16
17

Figure 63

Filename

AT _Mix 1064 1064 .0
ICAT Mix 0337 0542 2
ICAT _Mix 03430547 2
ICAT _Mix 108310535 2
ICAT M 10951085 2
ICAT _Mix 1067 1067 .0
ICAT _Mix 1065 .107:3.0
ICAT_Mix 107210720
1CAT_Mix D5E63.0563.0
ICAT Mix 0997 0997 .0
ICAT _Mi 10021008 .0
ICAT _Mix 100310005 2
ICAT _Mix 0344 0544 .0
ICAT _Mix 092205220
ICAT _Mix 0367 0967 .0
18T _Mix 097200720
ICAT Mix 0905 0905 2

L T N B N B o N B S I S S ]

Score

1447
14102
1413

385
M08
1161
1967
10.74

71
1258
2143
1283
M28

G525
1236

9494
1120

Fwd-Rev
Score

1417
14.02
1413
5.88
11.08
11.61
19.67
10.74
714
12.58
21.43
12.83
11.28
5.259
12.36
9.94
11.20

SPI

L]

451
A
752
a4
Taxr
973
944
95.6
89.2
T4
8.2
7448
736
632
4.0
Ta.T
a3y

Spectrum
Intensity
§.13e+006
1.03e+005
8.62e+007
2.94e+007
1.47e+007
S.54e+007
5.00e+007
6.28e+007
1.72e+007
5.52e+007
3.80e+007
5.84e+007
1.7 7e+007
2.14e+007
4 Fhe+007
5.25e+007
1 .00e+007
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Sequence

(RIAGLCQTFVYGCCOR (&)

(K} CDEWSUVNSVCE (I}

(K} CDEWSVNSVCE (I}
(K)CETSELLEACTFRIR)
(K)CETESESLLEACTFRIR)
(K)DATPENLPPLTADFAEDEDVCE (M)
(K)DATPENLPPLTADFAEDEDVCE (H)
(K)DATPENLPPLTADFAEDEDVCE (M)
(KIDDPHACTSTVFDE (L)
(K)DYELLCLDGTER (K}
(K)DYELLCLDGTE (K}
(K)DYELLCLDGTE (E)
(R)ECTCPEAPTDECEPVE ()
(K)EYEATLEECCAK (D)
(R)FDEFFSEGCAPGSE (K}
({R)FDEFFSEGCAPGSE (K}

(R} ICLNCQLAQUAER (V)

ICAT results shown in peptide mode

Cysteines

ICAT-DO
ICAT-DE
ICAT-DO
ICAT-DS
ICAT-DO
ICAT-DE
ICAT-DO
ICAT-DE
ICAT-DO
ICAT-DE
ICAT-DO
ICAT-DS
ICAT-DE
ICAT-DE
ICAT-DE
ICAT-DE
ICAT-DO

LH

0.351
0717
0812
0.266
1.090

nic

nic

nic
1.558
0.492
0.591
0.497

nic
0.339
0416
0.552
1.230

MH-
Matched
(Da}

2259079
16735811
1665761
2318193
2302 093
2831 434
2043554
2651 434
1939857
1747 584
1739834
1747 584
2604312
2239121
1870911
1970911
1856 872

Accession
#

115114
45578
45578
4557871
4557871
1391907
1391807
1351807
1351907
45578
45578
4557871
4557871
1391907
4597871
4557871
114939

Protein Ha

Aprotinin
transfertin
transfertin
transferrin
transferrin
hoving sern.
hoving ser.
haovine sen.
hovine sen
transfertin
transfertin
transferrin
transferrin
hoving sern.
transterrin
transferrin
beta-galach

135



b Processing ICAT, iTRAQ, and Other Data for Differential Expression Quantitation

In the peptide mode, you may see a calculation discrepancy in cases where
both members of a Dg/D( ICAT pair have been subjected to MS/MS. This is
because the heavy- and light-labeled peptides often do not quite co-elute, so
the EICs used for the calculations are slightly offset. (The EIC windows are
determined by the Data Extractor setting for the time window for merging
scans.)

You do not see this discrepancy in the protein mode, provided that both the
Dg- and Dy-labeled precursor ions were subjected to MS/MS and that these
results were of sufficient quality to be interpreted and included in the final
results summary. In the protein modes, the peptide ratios are combined to
calculate a ratio for the protein. In these modes, the ratio for the ICAT pair is
recalculated directly from the EICs of each precursor, rather than the parallel
EICs from the calculated m/z shifts from the precursor.
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To interpret DEQ results for isotopic labels in protein modes

* Check that your results resemble those in Figure 64, which shows ICAT
results displayed in one of the protein modes on the Protein/Peptide

Summary page.

¢ Note the special light/heavy columns labeled L/H (mean), L/H (std dev),
and L/H (# pairs). For SILAC reagents with three labels, you also see
columns for L/M (mean) and L/M (std dev).

Agilent Spectrum Mill - Protein/Peptide Summany

Spectrum Mill | Summary Settings | Autovalidation | Easy MS/MS m Spectrum Summary | Build TIC | Tool Belt m

Results Shown Filtered by WYalidation Category: valid
Data Directonys dataSM'ExampleDatalCAT
hit table read - SpecFestures read
valid hitz read from tagSummary file - Files: 41 Hits: 40
beginning to assemble proteins ... proteins aszembled 0.005125 sec
proteins fitered by unique peptides 0003677 sec
proteins fitered by score
calculated protein coverage maps 0.039664 =ec
beginning to roll up proteins into groups ... . proteins rolled up into groups 0.002366 sec
protein groups ready for display
proteinGroupinghethod: oneSharedPeptide 6 Proteins listed

Distinct Distinct Mean
Group Spectra Peptides Summed % AR Peptide LH
{#) (# @ MSMS Search Coverage Spectral (mean)
Score Intensity
1 24 - 145.36 19 3.15e+007 0.7z
2 10 i 8395 16 2 G7e+007 0491
3 2 1 17.20 2 4. 40e+007 0.54
4 2 1 16.54 3 4 .52e+007 0.96
a3 1 1 14147 13 §.1 3e+006 059
G 1 1 11.20 1. 1.00e+007 1.23
Totals: 40 byl

LH

023

0.47

0.00

0.00

0.00

0.00

Figure 64  ICAT results shown in Protein Summary mode

LH
{std dev) (¥ pairs)

11

5,

Protein MW
(Da)

Tr0a0.4
G293 .8
SEIa4.2
42551 .5
108025

1164835

Database
Accession #

43537 ET1
1351907

1526

Protein Hame

Itransferrin 'l

Ibuvine serum albuminj

|fibrin0gen heta chain j

Iovalbumin 'l
IAprDtinin 'l

Ibeta—galadosidasej

The protein modes all work similarly. First, the interpreted spectra for
peptides are grouped because they correspond to a single protein. Then a
light/heavy ratio for the protein is calculated from the mean of the values for
the peptides. The protein modes report the mean, standard deviation, and
number of values that contribute to the mean. Note that the standard
deviations are larger for low-level, noisy data.
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To calculate iTRAQ ratios using the Protein/Peptide Summary page

Use the Protein/Peptide Summary page to calculate iTRAQ ratios. In the
calculations, the Spectrum Mill workbench incorporates the correction factors
from your iTRAQ certificate of analysis. You must first use the Tool Belt page
to enter the correction factors and apply them to your sample.

1 Do the following on the Tool Belt page:

a Enter the correction factors from the iTRAQ certificate of analysis that
you received for the reagents that you used to process your sample. See
“To create a file of iTRAQ correction factors” on page 180.

b Apply the correction factors from the iTRAQ certificate of analysis to the
data directory for your sample. See “To apply a file of iTRAQ correction
factors” on page 181.

2 Do the following on the Protein/Peptide Summary page:
a Mark the iTRAQ intensities check box (for modes that show peptides).

b Mark the iTRAQ ratios control check box and select the reporter mass
you wish to use as the control (denominator) for the ratio calculations.

¢ If you want to see the iTRAQ modification in a report that shows
peptides, mark check boxes for both N-terminus and Modifications,
since the reagents react at both the N-terminus and lysines.

d Set other options.

e Click the Summarize button.
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To interpret results for iTRAQ labels in peptide mode

Check that your results resemble those in Figure 65, which shows iTRAQ
results displayed in peptide mode on the Protein/Peptide Summary page.

Confirm that you see a message near the top of the report that says the
correction factors were found, and confirm that the batch number is
correct.

Note the columns that show the iTRAQ intensities and ratios.

The 118 intensity is included in the report so the software can apply the
iTRAQ correction factors.

Protein/Peptide Summary

| spectrum Mill | Summary Settings | Autovaidation | Build TiC | MsMS Search | spectrum Summary | Toot Beit | Hetp |

Results Shown Filtered by Validation Category: valid
Data Directory: msdataSh\ExampleDatatiTraq
it table read - SpecFestures read
Correction factars for iTRAG batch 0501017 found

wallie hits read from tagSummary file - Files: 17

@ N Wt R oW R

10
"
12
13
14
15
16
17

Filename:

Zdprot_114_116.02281323 2
Z4prot_114_116.0200.1156.3
24prat_114_116.0213.1227 2
Zdprot_114_116.0242.1396 4
Zdprot_114_116.0204 11773
24prot_114_116.0205.1182.3
24prat_114_116.0251 14463
Zdprot_114_116.0227 1307.3
24prot_114_116.0207 1196 3
24prot_114_116.0215.1245 2
2dprat_114_116.0240.1386.3
Zdprot_114_116.0254 1456 3
Zaprot_114_116.02101210.3
24prt_114_116.0227 1311 4
Z2dprot_114_116.0208.1185.3
Zdprot_114_116.0244 1405 2
2dprot_114_116.0202.1186.2

17 Files listed.

Figure 65

2 Score

T R S S ST SR S R R N €TINS

1506
14.80
1383
1362
1329
1282
1150
11.34
a.58
a41
433
830
928
74
809
785
732

Hits: 17
U
936 325e+004 ITRAQ (K)GILAADESTGSIAK(R) K:TRAG 1074 a8 968 38 0.000 0535 0000 1620805 PO4075  Fructose-bisphozphate aldol:
835 7.00e+004 iTRAGQ (K)SHGQDYLWGHR (L) 822 56 551 B 0.000 0667 0000 1389.700 P13745 Glutathione S-transferase Yz
B7.1 E90e+004 iTRAQ (R)ALOASALE(A) KiTRAG 4051 43 2933 174 0.025 0730 0010 1089.688 PO4075  Fructose-hisphosphate aldol:
929 69%+004 ITRAQ (K)KTEREDLIAYLE (K} K:iTRAGQ 623 3T 298 0.000 0476 0000 1311128 PODOOS  Cytochrome c
967 509e+004 ITRAQ (K)SHGODYLWGHKE (L) K:TRAG 7a0 63 483 13 0.003 n&15 0000 1505.736 Q26035 Gltathione S-transferase alp
718 386e+004 TRAQ (R)LQSIGTENTEENRR(F) 2003 189 1292 74 0018 0E38 0008 17508912 PO4075  Fructose-bisphosphate aldol:
1000 290e+004 iTRAQ (K)YSHEEIAMATVTALR (R} 191 B 104 0.000 0.543 0000 1835945 PO0EE3  Fructose-bisphosphate aldol:
777 4.82e+004 ITRAQ (K)ADDGRPFPQVIE(S) K:TRAGQ 1417 167 856 30 0.041 0.593 0000 1630816 PO4075  Fructose-bisphosphate aldol:
B7.1  4.89e+004 TRAQ (K)EIFWQK(C) K:HTRAG 845 a3 478 0.000 0.565 0000 11894734 PO4657  Cytochrome c-1 (Cytachrome
742 8Me+0D4 TRAG (K)YNLYGH(D) KTRAQ 4303 371 27 201 0.000 0EBas 003 1045533 Q28035 Glutathione S-transferase alp
540 34%+004 (TRAQ (R)ELFEELAR(S) K:TRAGQ 421 3 23 0.000 0.545 0000 1293777 P11974  Pyruvate kinase, W isozyme
833 241e+004 ITRAQ (K)TEREDLIAYLK (K} K:iTRAG 364 8 165 0.000 0452 0000 1638931 PODOOS  Cytochrome o
B850 212e+004 TRAQ (R)EAEARMFHR(K) 160 8 88 0.000 o610 0000 1205586 P11978  Pyruvate kinase, M1 isozyme
833 370e+004 TRAQ (K)TGPNLHGLFGRE(T) K:TRAG 426 196 0.000 0480 0000 1554922 PO00Z0  Cytochrome ¢
859 313e+004 ITRAQ (K)ELSDIAHR(I) 167 14 91 0.008 0.541 0.000 1084587 PO4075  Fructose-bisphosphate aldol:
950 366e+004 iTRAQ (R)GDLGIEIPAEK (W) K:TRAG a5 52 Akl ) 0.000 0745 0000 1423815 P11978  Pyruvate kinase, W isozyme
B89 7.1Be+004 TRAG (R)IVAPGHK(G) K:TRAQ 8972 527 4452 204 0.007 07an 0.001 B72581 PO4075  Fructose-bisphosphate aldol:

iTRAQ results shown in peptide mode
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To interpret results for iTRAQ labels in protein mode

¢ Check that your results resemble those in Figure 66, which shows iTRAQ
results displayed in one of the protein modes on the Protein/Peptide
Summary page.

¢ Confirm that you see a message near the top of the report that says the
correction factors were found, and confirm that the batch number is
correct.

¢ Note the columns that show the means and standard deviations of iTRAQ
ratios, as well as the number of iTRAQ pairs. For the proteins, the software
calculates the means and standard deviations of the iTRAQ ratios from the
component peptides.

Agilent Spectrum Mill - Protein/Peptide Summary

[ spectrum mill | summary Settings | Autovalidation | Buita Tic | M5 search | Spectrum Summary | Tool Bett [Heip |

Results Shown Filtered by Validation Category: valid
Data Directory: msdataSMiExampleDataYiTraq
it table read - SpecFeatures read
Correction factors for TRAQ katch 0501017 found
wald hits read from tagSummary fie - Files: 17 Hits: 124
beginning to assemble proteins ... proteins assembled 0012857 sec
proteins fitered by unique peptides 0.019825 sec
proteins fitered by score
calculeted protein coverage maps 0.108943 sec
beginning to roll up proteins into groups .. . proteins rolled up into groups 0.014742 sec
protein groups ready for display
proteinGroupinghethoct. oneSharedPeptide 5 Proteins listed
Distinet

- Mean - - - - -
Distinet  Summed " iTRAQ iTRAQ iTRAQ iTRAQ (TRAQ iTRAQ Database
G'(;"’ s";;"" Peptides MSMS Cﬁ:r: . :eg'c't‘::l MEMT G UEAD MBS A3 TS ::R:ma) Accession Protein Hame:
“ Search ge  spectral - ooon) (stddev) (mean) (stddev) (mean) (std deu) P #
Intensity
Score

1 7 7 s008 21 457e004  OM 0m 0eF 012 000 000 7 poosss [ Fructose-hisphosphete eldolase A (EC 4.1.2.13) (Muscle-type aldols

2 4 4 24 28 452004 000 000 049 004 000 000 4 pooose [ Cytochrome c -

3 3 3 26,62 5 3.09e+004 0.00 0.00 063 0.08 0.00 000 3 B11974 IPyruvate kinase, M1 isozyme (EC 2.7.1.40) (Pyruvate kinase muscle

4 2 2 2421 I TE0e004 000 000 0se o om oo o p30115 [ Glutathione S-ransferase Y (EC 26.1.18) (GST class-alpha)

5 2 2 270 7 S04 000 000 083 002 O 0w 2 Poszin [Giutathione Stansfermse A2 (EC 2 5.1.18) (GTHZ) (HA subunit 2) (G¢
Totals: 18 18

Figure 66  iTRAQ results shown in Protein Summary mode
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To view light/heavy results on the Spectrum Summary page

* To view ICAT or other light/heavy intensities on the Spectrum Summary
page, mark the check box for MS L/H EIC intensity. Check that the results
are similar to those in Figure 67.

Agilent Spectrum Mill - Spectrum Summany

m Summary Settings | ProteinPeptide Summary | Build TIC m Tool Belt m

Down El [ICAT Mix 116411642 pki [i

| good-spectrum |

of [108

reset

bad-spectrum | Click to set categary of current spectrum

Data Directory: msdataSMExampleDataWCAT
Validation Preset: all Input files: 105 - 105 files (after fitering by maxSequenceTagLength = 3)
M5 Precursor

‘z:t“:;‘;:;‘ # Filename z P’e’:‘:i"s“' Pmﬁ:’;“' I]et:ned EC

Peaks  Intensity
reset | 1 cATMxiE411E42 2 21270300 10840200 25 1.01e+007
reset =] 2 caTMxorIBOTIB2 2 17032500 8521300 25 7 274006
reset x| 3 cAT_MixOB43gEar2 2 18663300 S3BETO0 25 26224007
reset =] 4 caTMix11BBA1732 2 18162100  80BSMO0 25 32684006
reset x| 5 cAT_MxOB37OB422 2 16743500 8ITEBO0 25 1.01e+008
reset ~| & AT Mxoss3nEEI0 2 18132300 soraz0 22 35384007
reset >| 7 CAT_Mix0995.08880 2 23184100 11604600 25 14124007
reset ~| B CAT_MxI0B410840 2 2261100 11310600 20 81324008
reset =] & aTMixi08310802 2 23203500 11608800 25 38484007
reset v| 10 CAT_Mx110411040 2 23245700 11627900 25 4 5824008
reset =] 11 AT Mix128312880 2 17115300 BSE2O0 25 3244006
reset >| 12 ICAT_Mx0893.07030 2 10550700 5280400 25 21224007

Figure 67
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Light
Intensity

1.53e+008
202e+006
269e+008
2 Bfe+006
7.40e+007
1 SGe+007
6.63e+006
1.93e+008
1 Dfe+007
5.89e+008
6 46e+006

1.47e+008

Heauy
Intensity

1.73e+007
7 56e+006
1.08e+003
6 67e+005
5.71e+006
1 26e+007
4.86+006
9.97e+005
4 31e+006
3 44e+006
4 42e+006

5.15e+006

Light
Intensity
2 sites

1.59e+008
4 30e+006
1.80e+008
3 A0e+006
2.27e+008
2 15e+006
6.75e+006
3.15e+005
2 7he+007
1.82e+008
5334005

4 55e+008

ICAT intensities shown on the Spectrum Summary page

Heavy

Intensity MS Order 2nd Precursor m/z

2 sites

4.18e+00%

8.03e+005

B.40e+006

352e+006

1.24e+007

1.08e+007

1.758+007

9.12e+006

7 68e+006

7.80e+005

2.23e+006

2.90e+006

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

Max Tag
Length

El
&
8

&

B

Longest
Sequence
Tag

401 A5ILLSLYDETGIF 3263
447 21 HESY AERE[31 7.78
402 27T SWEDRAI202 78]
388 1 BIVRIL Y QOAATIT1 64
503 221 SWEFNATZ21 .06
698 29INEDGFLT[336 601
623 2714 AFNPAGITET 31

719 B0IGGYVETQ[TST 68
575 61 JAFLLSSTIRA1 &3
534 S8IVGAGNYT[589.22
497 23IMPHOFAL [571 55
224 SOITNHAEA[204 4]

The Spectrum Summary page shows the intensities of the parallel light/heavy EICs
calculated during data extraction. Since you typically use the Spectrum Summary page to
display spectra which have not been interpreted, you do not see the light/heavy ratios
calculated in this table, nor should you attempt to calculate them from these data. Instead,
use the calculations from the Protein/Peptide Summary page, as described earlier in this
chapter.

Note that the values are reported as 0's for “metabolic” modifications, such as SILAC and
UN/1ON mixes.
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Basics for Processing MS-Only Data

Acquiring Agilent TOF data for use with the Spectrum Mill
workbench 144

First-pass data processing 145
Optional data processing to extract additional information 162
Single-spectrum processing 163

In this chapter you learn the basics to process multiple MALDI-TOF or
ESI-TOF MS-only data files with the Spectrum Mill workbench. This chapter
guides you through a typical workflow with the software.

PMF Search is limited to the analysis of digests from simple protein mixtures
(usually three to five proteins). When there are peptides from too many
different proteins in your spectrum, you do not achieve statistically significant
scores because the more complex the protein mixture, the more non-matching
(noise) peptides for any given protein. Use of the Mixture scoring option helps
to overcome this limitation.

This chapter assumes that the Spectrum Mill workbench has already been
installed on your server, databases have been downloaded and indexed, and
the system is ready to go. If this has not yet been done, see the Spectrum Mill
MS Proteomics Workbench Installation Guide.

If you only want to process a single spectrum and want to paste in the peak
list, see the description of Manual PMF Search on page 163.
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6 Basics for Processing MS-Only Data

Acquiring Agilent TOF data for use with the Spectrum Mill
workbench

When you set up data acquisition parameters on the Agilent TOF, it is critical
that you establish analysis settings that are compatible with Spectrum Mill
processing.

¢ For MALDI-TOF and infusion-ESI-TOF, make sure to acquire data only

during the first period. The Spectrum Mill workbench processes data only
from the first period.

¢ For LC-ESI-TOF, you may set up the analysis with multiple periods, but the
Spectrum Mill workbench processes only the first period that contains
profile data.

¢ For all Agilent TOF data, set the acquisition parameters such that the first
experiment contains the data to be used with the Spectrum Mill workbench.
The Data Extractor processes only Experiment 1 data.

For more details see “Acquisition and Extraction of Agilent TOF Data” in the
online help file Spectrum Mill Basics.
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First-pass data processing

Figure 68 shows a roadmap for processing MS-only data. How much of this
roadmap you complete depends upon how important it is to extract every last
bit of information from your sample.

For some samples, it is sufficient to process only through the basic workflow
indicated by the darker (blue) shading. These steps are covered in this section,
“First-pass data processing”.” For others, you take advantage of the optional
processing indicated by the lighter (yellow) shading. These additional steps
are covered in the next major section of this chapter, “Optional data

processing to extract additional information” on page 162.
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First-pass data processing

Optional
workflow

Yes

Print results or

export to Excel,

LIMS, HTML, or
PowerPoint

Search another
database and review
results (PMF Search

page and PMF

Summary page)

|

Figure 68 Roadmap to process MS-only data
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Step 1. Transfer files to Spectrum Mill server

Agilent ion trap *.d, Agilent TOF *.wiff, and Applied Biosystems/MDS Sciex
QSTAR o-MALDI *.wiff data files require no special preparation; you merely
move or copy the files into the appropriate directory on the Spectrum Mill
server, as described below. You then use the Spectrum Mill Data Extractor to
extract the data.

Other types of data files must be preprocessed on the manufacturer’s data
system to generate generic peak list files. You then copy or move peak list files
as described below.

For Agilent Q-TOF data in MS-only mode, you first generate a mass list with the Molecular
Feature Extraction algorithm within the MassHunter Workstation qualitative analysis
software, then copy the mass list from the compound table into the Spectrum Mill Manual
PMF form, described on page 163. You do not follow the workflow described below for other
Agilent instruments.

To transfer Agilent ion trap, Agilent TOF, or Applied Biosystems/MDS Sciex
QSTAR o-MALDI data

1 In your Spectrum Mill file system on the server, navigate to the directory
msdataSM. (If you don’t know how to find your Spectrum Mill file system,
ask the person who installed your software.)

2 In the directory msdataSM, create a new subdirectory for your sample files.
Name it anything you want, but do not use spaces or parentheses in the
name.

If you have multiple samples you wish to compare, remember to set up a
subdirectory for each sample. Ensure that each subdirectory contains all
fractions for a single sample.

You may add up to ten directory levels between msdataSM and your sample
files, but shorter path lengths reduce memory usage and speed processing
of large data sets.

3 Copy or move your *.d or *.wiff files to your new subdirectory or
subdirectories.

4 After you transfer data files to the server, remove any spaces or
parentheses in the data file names. Delete them or replace them with other
characters, such as underscores.
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Make sure you have both read and write permissions for each subdirectory
that contains your sample files. (To check, right-click the folder and select
Properties.) Make sure all user groups have full permissions. (Check the
Security tab.)

Make sure that *.wiff files are not marked read-only.

To prepare and transfer other data types

1

148

Use your instrument data system to export calibrated, centroided,
de-isotoped data as peak list files. Next you will transfer the peak lists to
the Spectrum Mill server.

In your Spectrum Mill file system, navigate to the directory msdataSM. (If
you don’t know how to find your Spectrum Mill file system, ask the person
who installed your software.)

In the directory msdataSM, create a new subdirectory for your sample files.
Name it anything you want, but do not use spaces or parentheses in the
name.

You may add up to ten directory levels between msdataSM and your sample
files, but shorter path lengths reduce memory usage and speed processing
of large data sets.

Under your new subdirectory, create another subdirectory called
fit_batch_in and copy or move your files there. Note that you must use this
subdirectory name!

After you transfer data files to the server, remove any spaces or
parentheses in the data file names. Delete them or replace them with other
characters, such as underscores.

Make sure you have both read and write permissions for each subdirectory
that contains your sample files. (To check, right-click the folder and select
Properties.) Make sure all user groups have full permissions. (Check the
Security tab.)
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Step 2. Run the Data Extractor

This step applies only for Agilent ion trap MS-only data, Agilent TOF data, and
Applied Biosystems/MDS Sciex QSTAR o-MALDI data. If you have MS-only
data from another instrument and it is already in peak list format, skip to
“Step 3. Run database searches” on page 155. If you want to extract Agilent
ion trap MS/MS data, see “Step 3. Run the Data Extractor” on page 22 of
Chapter 1, “Basics for Processing MS/MS Data”.

The MS-only data extractor is customized to the data to be extracted. For some
data types, such as PDF-MALDI TOF data, the extractor averages and
centroids the data from raw data files, but leaves signal-to-noise for PMF
Search. For other data types, such as LC-ESI-TOF and infusion-ESI-TOF, the
extractor performs the averaging, centroiding and signal-to-noise filtering, but
you can also filter by signal-to-noise in PMF Search.

Statements about PDF-MALDI data apply to AP-MALDI data as well.

To run the MS-only Data Extractor for MALDI data

These instructions apply for:

¢ Agilent ion trap PDF-MALDI data

* Agilent TOF PDF-MALDI data

¢ Applied Biosystems/MDS Sciex QSTAR o-MALDI data.

1 Navigate to the Data Extractor page, as shown in Figure 69.
2 Mark the check box for Show only MS (PMF) parameters.

3 In the Data Directory section, click the Select... button to select the folder
that contains your files.

4 Click the Choose... button to select the modifications that match the
chemistry for your samples. For details, click the blue bar labeled
Modifications to access the online help.

The Mix Modifications and associated ratio calculations are not supported for MS-only
data.
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5 Make sure that the check box for Agilent ESI TOF data is cleared.
6 Check that your form resembles the one in Figure 69.
7 Click the Extract button.

Agilent Spectrum Mill - Data Extractor

Extract Sawve Settings | Reset | e

i

all prior results

I Show only MS (PMF) parameters

Data Directory

Select .. |ExampIeDatalAgiIentlTOFlAP-MALDI

Modifications

Choose... |F|xed: Carboxymethylation (C)

M+ [B00.0 to 40000 p,

Extraction time range: ID to I:3DD min

I agilent ESI TOF data

Figure 69  MS-only Data Extractor filled out for MALDI data

To run the MS-only Data Extractor for Agilent LC-ESI-TOF data

Navigate to the Data Extractor page, as shown in Figure 70 on page 152.

N

If this is the first time you have done this, read the background information
the follows Figure 70.

Mark the check box for Show only MS (PMF) parameters.

4 In the Data Directory section, click the Select... button to select the folder
that contains your files.

w

5 Click the Choose... button to select the modifications that match the
chemistry for your samples. For details, click the blue bar labeled
Modifications to access the online help.

The Mix Modifications and associated ratio calculations are not supported for MS-only
data.
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Set the Extraction time range to the range you want to extract.
Mark the check box for Agilent ESI TOF data.

In the Min S/N box, set the minimum signal-to-noise for which you want to
extract peaks.

Try the default of 15 first.
If you think you did not identify all the proteins in the sample, first
increase Max peaks in PMF Search and search again.

If you have increased Max peaks to include all the peaks that were
extracted, then lower the Min S/N described here, re-extract, and search
again with all the extracted peaks.

9 Click the LC option.
10 Set the Time segment for averaging MS scans.

If sequence coverage is not critical, use a segment value on the order of
one-half a typical chromatographic peak width.

If coverage is critical, use a smaller value.

This value is used to sample the base peak chromatogram for mass
spectral peaks in “bins” of the time segment width. The extraction time is
proportional to this value.

If the segment value you specify results in fewer than four scans, the
extractor selects a value that gives at least four scans, and outputs a
warning in the results window.

11 For Background subtraction, select one of the options and fill in
appropriate boxes:

Select range from: Generates a background peak list from the time
range that you specify. It is important to select a region of the
chromatogram with a relatively flat baseline.

Last __ min. of scan time range: Generates a background peak list from
the last minute(s) of the acquired data. (Be sure this area has a relatively
flat baseline.)

The time range for background subtraction does not need to be within the Extraction time
range. For example, you can select 0 to 1 minute for background subtraction, but then
extract from 10 to 40 minutes.

12 Check that your form resembles the one in Figure 70.
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13 Click the Extract button.

Agilent Spectrum Mill - Data Extractor

| Extraction |
Extract Sawve Settings | Reset | e

all prior results

I Show only MS (PMF) parameters
Data Directory

Select .. |ExampIeDatalAgiIentlTOFlLC-ESl

Modifications

Choose... |F|xed: Carboxymethylation (C)

M+ [B00.0 to 40000 p,

Extraction time range: ID to IS? min

¥ agilent ESI TOF data

Min SH: IT

" Infusion

* Lc

Time segment for averaging MS scans: I‘I 0 Secs
Background subtraction:

o Select range from: I36 to: 7 min
o Last I‘I U min of gcan time range

Figure 70  MS-only Data Extractor filled out for chromatographic data

For LC-ESI-TOF data, the extractor does the following:

Generates a base peak chromatogram (BPC)

Generates a background peak list by signal-to-noise filtering (but not
de-isotoping) the specified background range of the BPC

Uses the time segment value to sample the BPC in “bins” of that width.
Each “bin's” MS peak list is background subtracted, peak-picked
(signal-to-noise filtering, de-isotoping) and charge assigned. The resulting
peaks are merged with the prior running accumulation of peaks.

After the file has been processed, the results are written to a *.MIC
(Mass-Intensity-Charge) file.

This extractor filters the spectra so that all peaks are of sufficient quality to be
submitted to PMF Search.
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To run the MS-only Data Extractor for Agilent infusion-ESI-TOF data

1 Navigate to the Data Extractor page, as shown in Figure 71 on page 154.

2 If this is the first time you have done this, read the background information
the follows Figure 71.

3 Mark the check box for Show only MS (PMF) parameters.

4 In the Data Directory section, click the Select... button to select the folder
that contains your files.

5 Click the Choose... button to select the modifications that match the
chemistry for your samples. For details, click the blue bar labeled
Modifications to access the online help.

The Mix Modifications and associated ratio calculations are not supported for MS-only
data.

6 Setthe Extraction time range to the range you want to extract.
7 Mark the check box for Agilent ESI TOF data.

8 In the Min S/N box, set the minimum signal-to-noise for which you want to
extract peaks. The default of 15 is a good choice.

9 Click the Infusion option.
10 Check that your form resembles the one in Figure 71.
11 Click the Extract button.
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Agilent Spectrum Mill - Data Extractor

| Extraction |
Extract Sawve Settings | Reset | e

all prior results

I Show only MS (PMF) parameters

Data Directory

Select .. |ExampleData'lAgiIent'l.TOF'l.Infusion-ESI

Modifications

Choose... |F|xed: Carboxymethylation (C)

M+ [B00.0 to 40000 p,

Extraction time range: ID to I:3DD min

¥ agilent ESI TOF data

Min SH: IT

& Infusion

e

Figure 71  MS-only Data Extractor filled out for infusion-ESI-TOF data

The Data Extractor processes infusion-ESI-TOF data a little differently from
LC-ESI-TOF data. Since infusion data has no chromatographic peaks, the
extractor does not generate a base peak chromatogram. It does not subtract a
background range; this done in PMF Search. As with LC-ESI-TOF data, this
extractor filters by signal-to-noise, detects mass spectral peaks, de-isotopes,
and assigns charge. The results are written to a *.MIC file.
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Step 3. Run database searches

1 Navigate to the PMF Search page, shown in Figure 72 on page 156.
2 Select the data directory where your files reside.

3 If you previously executed a search with incorrect settings, mark the check
box for Remove all prior PMF results.

4 If the sample contains peptides from a mixture of proteins, mark the check
box for Mixture scoring.

5 Set the Database.

6 Click the Choose... button to select the modifications that match the
chemistry for your samples. For details, click the blue bar labeled
Modifications to access the online help.

7 Set Instrument to the instrument on which you acquired the data.

If the instrument was not properly calibrated and mass shifts were larger than expected,
then increase the Peptide mass tolerance.

8 Set the Spectral features.

If you have a mixture and the data was acquired with PDF-MALDI, mark
the check box for Override instrument defaults, and make sure that
Max peaks is set to 100. For more complex samples, or for better
sequence coverage, set Max peaks to a larger number.

If you have ESI-TOF data, mark the check box for Override instrument
defaults and check that Max peaks is set to 500. For more complex
samples, or for better sequence coverage, set Max peaks to a larger
number.

For PDF-MALDI data, check that the Min S/N is set to 2. A lower S/N
may result in search of matrix ions.

9 Under Contaminant Masses, select the appropriate file.

For PDF-MALDI analyses, select Porcine Trypsin-Keratin. This file
includes trypsin autolysis products and keratin.

For infusion analyses on the Agilent TOF, select ESI-Cal + Porcine
Trypsin-Keratin. This file includes the Agilent ESI TOF calibrants, as
well as trypsin autolysis products and keratin.
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For LC-ESI-TOF analyses, select None because the background
subtraction was already done during data extraction.

To create a custom contaminant file, see the online help.

10 Set Report Details to reflect the number of hits and detailed results you
wish to view.

11 Set other parameters. Click the blue divider bars for more information in
the online help.

12 Click the Start Search button.

Agilent Spectrum Mill - PMF Search

[Speieum Wil | P Summary | oo PHF | xractor | WS Eman [ S igst | Toorbet | oo
Start Search Save Settlngs | Reset | MR all prior PMF results v Mixture scoring

Data Directory

Select ... |ExampIeDatalAgiIentlTOFlLC-ESl

Search Parameters
Database: | SwissProtbovine | Digest: | Trvpsin =
Species: IA“ j . ami l_

d el 1
I\||W'ofprotein:fromI‘IDDD Datol‘ISDDDD pa [ an pmteinp|:fmm|3.ﬂ tDI'IU.D ¥ an

Modifications

G |F"‘9d: Carboxymettrylation (C) Mariable: [, o | Prothi-term)

Crxidized methionine (M)
Pyroglutamic acid (M-term@)

Search Criteria
Matching Tolerances Spectral Features

Instrument: |Agi|entESITOF 'l ¥ override instrument defaults
tched peptid |5 Max peaks: IEDD Min SH: I:2
Peptide mass tolerance: +/- |5 I ppm :'l Sonaminantiasses

| File: INDHB |

Masses are: |M0n0isot0pic

Data Files
Mass list files ( ..fit_batch_in/ ):

Recalibrate Data

I” Force data recalibration

G g ;I Report Details
.l
*omic Max reported hits: |5 Detailed hits: I:2
| Report MOWSE scores - Pfactor: ID-4
E

Figure 72  PMF Search page
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Step 4. Summarize PMF Search results

Navigate to the PMF Summary page.
2 Select the data directory where your files reside.

3 Set parameters similar to those shown in Figure 73. In general, you do not
need to change the defaults.

4 Click the Summarize button.

5 Check that you see a display similar to that shown in Figure 74.

The setting for Filter hits by score is counterintuitive if you are used to MS/MS Search
scores. With MS/MS Search scores, larger numbers represent better results. With PMF
Search scores, smaller numbers represent better results. The probability scores represent
the likelihood that the protein match occurs by chance. A score of 0.5 means the match has
a 50% chance of occurring randomly. A score of 1e-6 means the match has a
one-in-a-million chance of occurring randomly. The probability distribution is calculated
after counting the occurrences in the database of each mass submitted within the specified
mass tolerance. Consequently, the score for the same set of masses changes if the mass
tolerance, the enzyme, the number of missed cleavages, or the database changes. Also
note that modified amino acids such as met-sulfoxide do not contribute to the score.

Summarize Results for Review Review Fields
Save Settings | Reset | Filter hits by score: IG, ID-DD1 V' Filename I™ Excel export
¥ Score ¥ Protein My
Sort by | Score i
[T MOWSE score ¥ Protein pl
Data Directory ¥ Mass error ¥ Species
Select | ExampleDatalPMF " Recalibration ¥ Accession #
¥ Protein name
Search result files:
*.3po ;I

Figure 73  Settings to summarize PMF Search results
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Input Files: 25

Filename

1 8093010920
2 8093010820
3 80930107 201
4 BOS30106 201
5 BOS30113.20M
6 8093010320
7 B0930114 20
& 80930112.2M
4 G0830104.2M

10 GO830116.2M

11 GO930126.20

Figure 74

Beginning to parse 25 oulput files
25 outpu files parsed. Parsing complste. Filtered Files: 14

Probability
Score
Mymamic

7792030

4 7e-029
B.09e-029
872e-020
929e-019
1.37e-017
223014
227e-014
4.86e-014
5.66e-014

1.56e-011

Data Directony: msdataStiExamplzDatatPF

Probability

Score

1.08e-016

Gde-017

8 85e-017

B 44e-011

5 92e-013

451013

2 T5e-008

3242003

1158010

2 GBe-003

8 26e-007

# (%)
Masses
Matched

19 £ 25 (T6%)

19 /25 (T6%)

19 1 25 (T6%)

16 1 25 (54%)

14 £ 25 (55%)

14 1 25 (55%)

12 125 (48%)

14 /25 (56%)

12121 (57%)

12125 (45%)

11123 (47%)

StdDev

Mass Error Mass Error

24

-65

-06

18

-35

-28

-37

-20

-34

56

-38

PMF Search Summary table

Mass Error
its

Coverage

2%
2%
2%
8%
49 %
6%
3%
3%
41 %
2%
3%

Protein
MY
(Da)

4B7B3 2

4B7B32

467832

44607 4

2B664 4

394698

26664 4

FoB15.F

394598

26664 4

299603

Step 5. Manually review results

158

Protein
pl

Species

YEAST
YEAST
YEAST
YEAST
YEAST
YEAST
YEAST
YEAST
TEAST
TEAST
YEAST

Accession

PO0S25

PO0S25

PO0S25

POOSED

PO0S42

14540

PO0S42

POO353

P14540

FO0342

F29311

Protein Hame

q IEnU\ase 2(EC4.21.11) (2-phosphoglycerate dehydrj

1 IEnU\ase 2 (EC4.21.11) (2-phosphoglycerate dehydrj

1 IEnU\ase 2 (EC4.21.11) (2-phosphoglycerate dehydrj

1 IPhUsphDg\ycerale kinase (EC 2.7 2.3).j

1 ITriUsephUsphale isomerase (EC5.3.1.1) (T\M).j

1 IFruste—bisphosphate aldolase (EC4 1.2.13).j

1 ITriosephospha{e isomerase (EC5.3.1.1) (T\M).j

1 IG\yceraIdehyde 3-phosphate dehydrogenase 3 (EC1 Ej
1 IFruste—bisphnsphate aldolase (EC41.2.13) j

1 ITrinsephnsphate isomerase (EC5.3.1.1) (TIM) j

1 |BMH1 protein.

1 Manually review some or all of the results. First examine the overall results,
as shown in Figure 74. Note the following terminology:

Probability Score Dynamic - database search score based on the peptide
mass tolerance determined by the Spectrum Mill software from the
actual data

Probability Score - database search score based on the Peptide mass
tolerance you set in PMF Search

To view individual PMF Search results, as shown in Figure 75, click a link

under the Filename header and then scroll up. Scroll down or click links
under the Rank heading shown in Figure 75 to see more search details. You
may want to resize the page section to better view these results.

If this were ESI-TOF data, there could be duplicate PMF matches from singly- and
multiply-charged peptides. In this case, only one match would be scored, but all would be
displayed. The scored match would be the one for which m/z submitted (after adjusting for
charge) was closest to MH* matched. In the Score Counted column shown in Figure 75,
scored results would show a value of 1, while non-scored results would show a value of 0.
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PMF Search Results

Sample 1D {comment): 80930109.2M1
Database searched: SwissProt

Molecular weight search (1000 - 150000 Da) selects 116917 entries.
Full pl range: 119029 entries.
Combined molecularweight and pl searches select 116917 entries.
FPWF search selects 5 entries.

Farameters used in Search

Dynamic Static #i%) Mass Error Protein Pratein
Rank Probability Probability Masses Mean (StdDev) . MW (Da)ipl Species Accession# Protein Name
Score Score Matched {ppm) g

1 7.79e-030 1.08e-016 19525 (T6%) -2.4(30) 42% 4678327567 YEAST P00925 Enolage 2 (EC 4.2.1 117 (2-phosphoglycerste detydr
2 2.05e-008 0.000586 1025 (40%) B3T3 26% 4667110617 YEAST PO0924 Enolase 1 (EC 4.2.1 A1) (2-phosphoglycerate debrydr
3 0.0678 5.84 AI25 (20%) =391 {137 0%y 2185120529 MYCLE P54884 Senzory tranzduction protein regk3.

4 015 63.4 AI25 (20%) -10.0 {6.9) 8% 47518.9/5.25 CLAHE P42040 Enolaze (EC 4.2.1.11] (2-phosphoglycerate dehydrat
5 0.886 0.886 5125 (20%) -14.7 (58.0) 32% 13646.9/9.73 THEAC QOHLAG 305 ribosomal protein S6e.

Detailed Results

1. 1925 matches (T6%). YEAST. Enolase 2 (EC 4.2.1.11) (2-phosphoglycerate dehydr ( 46783.2 Da) pl = 5.67

miz
submitted
726.3360
756.4690
800.3830
825.3930
841.3850
1159.6090

Figure 75

MH*+
matched
726.3422
TE6.4732
800.3830
§25.3929
841.3878
1159.6111

Delta Score
ppm  Counted
-8.6 1
-55 1
-04 1
0.1 1
-3.3 1
-1.9 1

Tolerance
BinIndex start end
(9-10)

9 9 14
9 409 414
9 258 263
10 178 184
9 178 184
9 185 194

PMF Search results

Peptide Sequence {counted in score) Modifications

(RISVYDSR(G)
(K)LNOLLR(l)
(K)YDLDFK(N)
(K)TFAEAMR(I)
(K)TFAEAMR(1)
(RIGSEVYHNLK(S)

1Met-ox

3 To continue examining data, click additional links shown in the PMF Search
results in Figure 74 and Figure 75:

* To view information in the database you searched, click a link under
Accession #.

¢ To view amino acid coverage, as shown in Figure 76, click a link under the
Coverage header. In the coverage map:

Red = matched
Black = not matched

Blue = modified amino acid (for example, cysteine)

Green = consensus N-linked glycosylation site
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1 AVSEVYARSY YDSRGNPTVE VELTTEKGVF RSTIVPSGAST GVHEALEMRD EDKSEWMGHC VMNAVNNVNN VIAAAFVEAN S0
21 LDVEDQERYD DFLLSLDETRA NESELGANAT LGVSMAARRA AAAEENVPLY OHLADLSKSE TSPYVLIVEF LNVLNGGSHA 160
161 GGALALQEFM IAPTGAKTFR ERMRIGSEVY HNLKSLTEKE YGASAGNVGD EGGVAPNIQT AEEALDLIVD ATKAAGHDGE 240
241 VHEIGLDCASS EFFKDGEYDL DFENPESDES KWLTGVELAD MYHSLMELYP IVSIEDPFAE DDWEAWSHFF KTAGIQIVAD 320
321 DLTVINPRRI ATATEKKAAD ALLLEVNOIG TLSESIKARQ DSFAANWGYM VSHRSGETED TFIADLVYVGL RTGQIKTGAP 400
401 ARSERLAKLN QLLRIEEELG DEAVYRAGENF HHGDEL 436
The matched peptides cover 42% (1 86/436 AA's) of the protein.

Frotein Mame: Enolase 2 {EC 4.2.1.11) (2-phosphoglycerate dehydr

Species: YEAST

SwissProt Accession # POD925

MS Digest Index # 25083

pl of Protein: 5,67

Frotein Wiy 46783.2 Da

Amino Acid Composition: A58 C1 D30 E28 F15 G35 H10 120 K35 L38 M9 N21 P13 Q9 R14 S30 T20 V35 W5 Y10

Figure 76  Amino acid coverage from PMF Search

Step 6. Summarize and print results

After you have reviewed results, you summarize and print them.

1 To summarize results, click the Summary Settings button to display the
summary input form at the bottom of the page. Then repeat the procedure
in “Step 4. Summarize PMF Search results” on page 157.

2 To import data into Excel or LIMS:
a Mark the Excel Export check box.
b Click the Summarize button.

¢ Check that you see a display with two buttons, as in Figure 77. At this
point, a new file with extension *.ssv has been created. You can import
this file into Excel or upload it to a LIMS system (if configured by your
system administrator), or display it on your screen.

d Do one of the following:
To import the data into Excel, import as semicolon-delimited data.

To upload to LIMS, see the Server Administration online help.

160 Spectrum Mill Workbench Application Guide



Basics for Processing MS-Only Data 6

Agilent Spectrum Mill - PMF Summary
[Spcctrum il | Summory Sttings | PHF Scarch | Tol 5ot [ et

Cutput File created msdataSMiExampleDatalPMPimsitSummary.1.ssv
prepating and writing results ...

Beginning to parse 25 outputfiles.

25 output files parsed. Parsing complete.

Upload Path: WPAVILION'msdataSMiExampleDatalPMFmsfitSummary.1.ssv

Upload File to LIMS Display Created File Below

Figure 77  Display when you mark the Excel export check box

3 To print results, use your browser’s print function:

a If you have not already done so, enable Print background colors and
images in Internet Explorer. Select Tools > Internet Options.... Click the
Advanced tab and mark the check box for Print background colors and
images.

b Do one of the following:

In Internet Explorer (IE) 6.0, select File > Page Setup... and set the page
to landscape mode.

In IE 7.0, click the arrow to the right of the printer icon, select Page
Setup... and set the page to landscape mode.

¢ Click in the frame you wish to print.
d Do one of the following:
In IE 6.0, select File > Print Preview....

In IE 7.0, click the arrow to the right of the printer icon and select Print
Preview....

e At the top of the Print Preview window, select Only the selected frame.
f Click the Print... button.

4 If you wish to further process your data, see the next section.

To export results into HTML or PowerPoint files, see the Frequently Asked Questions
section of the online help.
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Optional data processing to extract additional information

The optional data processing steps are shown in Figure 68 on page 146, and
are described in detail below.

Step 1. Search another database

1 Navigate to the PMF Search page.

2 Fill in the search form as described in “Step 3. Run database searches” on
page 155, except specify another database.

3 Run the search.

4 Summarize and review results in the PMF Summary page, as described on
page 157 through page 160.

Step 2. Create a final results summary

¢ See “Step 6. Summarize and print results” on page 160.
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Single-spectrum processing

To search the spectrum

Basics for Processing MS-Only Data 6

You use the Manual PMF page to process a single spectrum that you paste into

the program.

1 Navigate from the PMF Search page to the Manual PMF Search page, shown

in Figure 78.

Agilent Spectrum Mill - Manual PMF Search

[Sooctum | caman |5 Bigeet | 5 etope [

Start Search %mmemJEmeLCDmmem

Maximum reported hits: |25 O MOWSE scores - Pfactor: ID-4 O Mixture scoring

Search Parameters Peptide Masses

Min. # peptides required to match: I4

Mass tolerance: +/- I'ID |ppm 'l

Database: ISWiSS':>rDt-t'D\"'ine j Masses are: IMDnDiSDtDPiC j
Species: IA” j Mass (miz)
MW of protein: from |1000 Dato|100000 py [ an 67603716 =
§25.4571
Protein pl: fromla-n— tolW M an 1017.5370
v 1026.5964
Digest: | TTypsin [ 1040.6121
#of mi T o |1 1105.4550
1196.7132
Modifications 1215.5796
Choose... | 12435887
- 1255.6538
Fixed: [ roamidomethylation (C) 1260.5928
1Zz66.6281
1276.5836
1288.6094
i} 1305.6310
Variable: [, - otyl (Prothierm) 1388.6975
Pyroglutamic acid (M-term@) 1398.65805
Orxidized methionine (M) 1413.7126
1420.6741
145z .5101
1576.5138
1932 .70687
2188.0850 x|

Figure 78 Manual PMF Search form
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2 Paste your mass list into the Peptide Masses box.

3 If your masses represent protonated species, click MH*. If your masses

represent neutral species, click M.

If necessary, type charges for the masses in the Peptide Masses box.
If you clicked MH", the software assumes a charge of +1.
If you clicked M, the software assumes a charge of 0.
A charge that you type into the box overrides the MH'/M settings.

For Masses are:

You generally select Monoisotopic. With Monoisotopic, for H, the mass
calculation uses the mass of a proton rather than the mass of a hydrogen
atom.

Select Monoisotopic no e- correction if your data is from an instrument
such as MALDI QSTAR where the mass calibration is done in such a way

that there is no correction for the loss of the electron for protonated
species.

Set the other parameters. Click the blue divider bars for more information

in the online help.
Click the Start Search button.

8 When the search is complete, scroll down and check that you see PMF

Search Results, as shown in Figure 79 on page 165.
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PMF Search Results
Sample ID (comment): Enter_Comment
Database searched: SwissProt Parameters used in Search
Molecular weight search (1000 - 100000 Da) selects 253250 entries.
Full pl range: 267354 entries.
Combined maolecular weight and pl searches select 253250 entries.
PMF search selects 2 entries.
Mass
- . Error
Dyniamic Static # (%) - - .
Rank Probability Probability Masses I\:Setadn CTJr:;:ame N:l\rl"::]eal;lfpl Species Acce:smn Protein Hame
Score Score Matched Y
Dev)
(ppm})
1 292e-026 2922026 16/23(69%) -36(4.4) 55% 30276.5/5.71 BOYIN P15497 Apolipoprotein A- precursor (Apo-A1) (Apod-) - Bos taurus (Bovine)
2 0053 0.0153 4Z3(17T%) 0527 M%  19316.4/526 RICFE AUM09  NADH-guinone oxidoreductaze subunit E (EC 1.6.99.5) (NADH dehydroge
Detailed Results
1. 16/23 matches (69%). BOYIM. Apolipoprotein A- precursor (Apo-A1) (Apod-l) - Bos taurus (Bovine) [ 302765 Da) pl =571
Tolerance
m.i‘_z e 'E‘H__ o Uela Scor‘ . BinIndex start end Peptide Sequence Modifications
ppm C
(0-1)
§254571 5254577 -08 1 ] 177 183 (RMAHVETLR(Q)
1017.5370 1017 5364 06 1 1 142 150 (K)WAPLGEEFR{E)}
10265964 10265942 21 1 1 164 172 (K)LSPLAQELR(D)}
10406121 10406099 21 1 1 229 237 (K)AKPVLEDLR{Q)
11967132 11967249  -95 1 ] 238 248 (R)OGLLPVLESLK(V)
12185796 12155749 38 1 1 206 217 (K)EGGGSLAEYHAK(A)
12356535 12556569 -25 1 ] 36 46 (K)DFATYYVEAIK(D)
12605825 126060053 -63 1 0 131 139 (K)WHEEVEIYR(G)
12666281 12666365 -66 1 ] 120 128 (K)WOPYLDEFQK(K)
12686094 128686168 -57 1 0 184 194 (R)OQLAPYSDDLR(Q) pryoGlu
13056310 13056434 -95 1 ] 184 184 (R)QOLAPYSDDLR(Q)}
1388 6975 13556957 1.3 1 1 130 139 (K)KWHEEVEIYR(G)
139586805 13956900 -65 1 ] a1 63 (R)DYVAQFEASALGK(Q)
14528101 14528203 -68 1 0 34 46 (RYVKDFATVYVEAIK(D)
15768135 15768217 -50 1 ] 69 52  (K)LLDHWDTLASTLSK(V)
2188.0850 21851033 -54 1 0 83 100 (K)YYREQLGPYTQEPWDHLEK(E)
Mean:  -36
St dew: 4.4
Figure 79  Manual PMF Search results
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To examine the results

¢ To see more search details, scroll down or click links under the Rank
heading shown in Figure 79. Note that you see detailed results for only the
top two hits.

¢ To view information in the database you searched, click a link under the
Accession # header.

¢ To view amino acid coverage, click a link under the Protein Coverage
header. In the coverage map:

Red = matched
Black = not matched
Blue = modified amino acid, e.g., cysteine

Green = consensus N-linked glycosylation site
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To create an MS/MS Search summary file if search terminated
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To create a summary table of MS/MS identification statistics 175
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To list details about amino acid modifications 178

To create a file of iTRAQ correction factors 180

To apply a file of iTRAQ correction factors 181

This chapter describes helpful tools that you can use when you process data

with the Spectrum Mill workbench. These tools help you accomplish a range of
tasks, from terminating processes to summarizing identification statistics. You
access these tools from the Tool Belt page.
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To terminate a process

The Spectrum Mill workbench performs functions like Data Extractor, MS/MS
Search, and Sherenga de novo Sequencing by launching a parent script, which
then repetitively launches child programs. The Stop button for a program
aborts the parent script and prevents new child programs from starting.
However, it does not abort the child program that is currently running. The
child program runs until its normal conclusion unless it is aborted separately
through the Stop Process button on the Tool Belt page.

To use the Stop button on the main program page

Processes (such as Data Extractor, MS/MS Search, Results

and Sherenga de novo Sequencing) that take longer -
than a few seconds have a red Stop process link that |g
is displayed in the Results window where the process

runs.

1 To abort a process, click the Stop process link.

2 Wait a few seconds until a message is displayed to indicate that the process
has stopped.

3 Stop child programs with the Stop Process button on the Tool Belt page.
See the next section.

To use the Stop Process button on the Tool Belt page
The Stop button described above terminates the parent script, but not child
programs. Go to the Tool Belt to terminate these child programs:

1 Navigate to the Tool Belt page and select the Stop process option, as shown
in Figure 80. (This is the default.)

2 Click the List Processes button to list Spectrum Mill processes that are
currently running on the server.

3 Select the processes you wish to stop.
4 Click the Stop Process button.
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Agilent Spectrum Mill - Tool Belt Wilities

Select a Tool:
& Stop process e Spectral collector
" Create saved results file " List modifications details

L) Create MS/MS search summary file e Create iTraq correction factors
L) View parameter table e Apply iTraq correction factors

" View MS/MS search statistics

Stop Process

Terminate processes launched via the Spectrum Mill web server.
Click "List Processes" to list running processes related to Spectrum Mil.
Select one or more processes to stop, using the Cirl key for multiple selection.

Stop Process
List Frocesses I Process Id - Program - Description

1300 - stractoragilenttrap.coi - Agilent Trap Extrac

Figure 80  Stop process

Avoid terminating processes initiated from other clients. You may be able to identify
your processes by name. For example, the data extractor for Agilent Q-TOF files is
called xtractorAgilent.cgi, while the data extractor for Agilent ion trap files is called
xtractorAgilentTrap.cgi.

It is also possible to terminate parent processes from the Tool Belt page. This may be more
convenient if you have navigated to another Spectrum Mill page and you no longer see the
red Stop process link. Use the same instructions as for child processes.
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To create a saved results file so you can search previous hits

The Spectrum Mill workbench allows you to save valid hits (protein
identifications) and then search them again. For example, you can save a set of
hits from an identity mode MS/MS Search and then search this set with a
variable modifications or homology mode MS/MS Search. This saves time
because the modified peptides you find in variable modifications or homology
modes are often derived from the proteins you already identified in identity
mode. The computation-intensive homology mode search is much faster when
you search a smaller list.

When you create a saved results file, Tool Belt creates a *.res file (list of
accession numbers) of valid hits. When you search this list, MS/MS Search
reads this *.res file and gets entries from the database file. This requires you to
both save and use the *.res file from the same data directory.

To save hits from MS/MS Search:

1 Make sure you already have a set of search results you wish to save. The
saved results file will contain only the search results for which you
designated the protein identifications as “valid.”

2 Navigate to the Tool Belt page and click the option to Create saved results
file, as shown in Figure 81.

3 Select the Database you previously searched.

4 Select the Data Directory where the search results reside. This is the same
data directory where the data files reside.

5 Click the Create File button.

You can instead create a saved results file from the MS/MS Search or Easy MS/MS Search
page. When you mark the check box to Search previous hits, if you have not created a
saved results file, then the search page automatically creates one for you.
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Agilent Spectrum Mill - Tool Belt Wilities

w Easy MSMS mm Protein/Peptide Summary | Spectrum Summa

Select a Tool:

e Stop process & Spectral collector

& Create saved results file " List modifications details
e Create MS/MS search summary file & Create iTraq correction factors

e View parameter table & Apply iTraq correction factors

" View MS/MS search statistics

Create Saved Results File

Create a saved results file from validated rank 1 hits (small subset to guickly search previous hits with MSMS Search)

Create File

Database: | MCEBInr.ecoli -
Data Directory

Select ... | ilentTraplecolitheatshock

g

Figure 81 Create saved results file

m
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To create an MS/MS Search summary file if search terminated

abnormally

If your MS/MS Search terminated abnormally (e.g., because you aborted it),

you can still create an MS/MS Search Summary File so that you can review

partial results on the Protein/Peptide Summary page. To create this file:

1 Navigate to the Tool Belt page and click the option to Create MS/MS
search summary file, as shown in Figure 82.

Agilent Spectrum Mill - Tool Belt Litilities

Select a Tool:

& Stop process & Spectral collector

' Create saved results file  List modifications details
= Create MS/MS search summary file & Create iTraq correction factors

& View parameter table & Apply iTraq correction factors

" View MS/MS search statistics
Create MS/MS Search Summary File
Create MSMS search summary file of rank 1 hits
(to use with Protein/Peptide Summary if MSMS Search terminated abnormally)

Create File
Data Directory

Select ... | gilentTraplecolitheatsh

Figure 82 Create MS/MS search summary file

2 Select the Data Directory for which you want to create a summary file.

3 Click the Create File button.
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To create a summary table of previously-used parameters

The Spectrum Mill workbench keeps a cumulative record of the parameters
you set in programs such as Data Extractor, MS/MS Search, and Sherenga de

novo Sequencing. To view previously-used parameters:
1 Navigate to the Tool Belt page and click the View parameter table option,
as shown in Figure 83.

Agilent Spectrum Mill - Tool Belt Wtilities

Select a Tool:
O Stop process e Spectral collector
" Create saved results file " List modifications details

O Create MS/MS search summary file e Create iTraq correction factors
o View parameter table e Apply iTraq correction factors

" View MS/MS search statistics

View Parameter Table

“iewy summary table of previously used parameters

program: [MS/MS Search =]
Data Directory

Select ... |

gilent\Trap liheatzhoch

Figure 83  View parameter table

Select the Program for which you want to summarize parameters.
Select the Data Directory for which you want to summarize parameters.

Click the View button.

Check that you see a report like that shown in Figure 84. In the table, a dash
indicates that the setting was the same as used previously.

T B wWw N
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Spectrum Mill - Parameter Table

mstag.1

mstag.2

batchSize

a1

composgition_exclude

composition_include

dataDir

ExampleData\bailent\Traplecolihestzhock

database

MCBIn ecol

dna_frame_translation

B

enable_multiple_mods

enzyme

Trypsin

filterByFeature

maxSequenceTaglength

fixedMods

carbamidomethylation

fragment_mass_tolerance

oy

full_mw_range

1

full_pi_range

hide_html_links

high_pi

100

homology_gap_mode

input_filename

MCBIn ecol

input_program_name

matag

instrument_name

ES-ION-TRAP-AGILENT

ingtrument_nameMSMS

low_pi

30

maxSequenceTaglengthFilter

3

maxSequenceTaglengthFilterDirection

=

max_ms_prod_charge

3

max_num_unused_ions

a0

max_reported_hits

5

minMatchedPercent

a0

min_ions_to_search

4

missed_cleavages

2

msparams_dir

maparams_mill!

mutation_matrix_off

parent_mass_convert

monoisotopic

parent_mass_tolerance

25

parent_shift

130.0

parent_shift_type

-

proton_mobility_scoring

1

requestScript

batchTagPara pl

res_mstag_dir

F:iSpectrumbillimsdataSMExampleDataisgilent\Traplecolihestshockvesults_mstag

results_from_file

results_to_file

search_type

identity

variable

Figure 84  Parameter Table that shows settings used for an identity mode search and a
subsequent variable modifications search
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To create a summary table of MS/MS identification statistics

The Spectrum Mill workbench compiles identification statistics, such as the
percentage of MS/MS spectra that have been interpreted for a set of data files.

To use this capability:
1 Navigate to the Tool Belt page and click the View MS/MS search statistics
option, as shown in Figure 85.

Agilent Spectrum Mill - Tool Belt Wilities

Select a Tool:

e Stop process & Spectral collector
" Create saved results file " List modifications details
e Create MS/MS search summary file & Create iTraq correction factors

e View parameter table & Apply iTraq correction factors

' View MSMS search statistics

Wiewy table of MSMS identification statistics from ME3MS Searches

¥ ExampleData\AB_MDSSciex

Figure 85 View search statistics

2 Select the Data Directories for which you want to summarize statistics.

3 Click the View button.
4 Check that you see a report like that shown in Figure 86. See the discussion
below for explanations of some of the headers.
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MS/MS spectra

collected

MS/MS spectra

filtered

Collection Yield

176

(%)

Interpretation
Yield (%)

Spectrum Mill - Search Statistics

M5MS M5MS
Ratv MSMS spectra MSMS spectra Collection | Interpretation
File/Directory Files spectra collected spectra |interpreted Yield Yield
collected | (identical ones | fitkered and (%) (%)
merged) validated
@Star_Mix 1 523 495 471 14 270 2949
ExampleData' B _MDSSciex 1 523 495 471 14 270 2949
M5MS M5MS
Hove MSMS spectra MSMS spectra Collection | Interpretation
Directory Files spectra collected spectra |interpreted Yield Yield
collected | (identical ones | fitered and (%) (%)
merged) validated
ExampleData' B _MDSSciex 1 523 495 471 14 270 2949

Figure 86  View search statistics report

Number of MS/MS spectra in the raw data file

Number of MS/MS spectra exported by the Data Extractor program after
filtering by spectral quality

Number of MS/MS spectra interpreted and validated divided by number of
MS/MS spectra collected, expressed as percentage

Number of MS/MS spectra interpreted and validated divided by number of
MS/MS spectra filtered, expressed as percentage

It is typical that not all spectra are interpreted. The obvious reason is that
some spectra could not be matched to database entries, but there are other
reasons as well. For example, to avoid missing any good spectra, you typically
set Data Extractor to remove most, but not all, of the noisy spectra. The
remaining noisy spectra are not peptides and are not interpreted.

If your Collection Yield seems particularly low, there may have been an
unusually high number of noisy spectra in your analysis. Perhaps you used a
low threshold for data acquisition, or maybe there was a high instrument
background. In these cases, the relative number of spectra that are picked by
the Data Extractor is low.

Both the Collection Yield and the Interpretation Yield reflect to some degree
how much time you spent processing the data, via variable modifications
searches, broader databases, etc. In general, processing is complete when
sufficient information has been extracted from the data to meet the
experimental goals.
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To copy spectra to your collections directory

Use this tool to create a custom set of library spectra that you can search with
the Spectrum Matcher. This tool copies spectra from one directory to another.

1 Navigate to the Tool Belt page and click the Spectral collector option, as
shown in Figure 87.

Agilent Spectrum Mill - Tool Belt Wilities

Select a Tool:

e Stop process = Spectral collector

" Create saved results file " List modifications details

e Create MS/MS search summary file & Create iTraq correction factors
e View parameter table & Apply iTraq correction factors

" View MS/MS search statistics

Spectral Collector
Copy spectra and interpretations to your collection directory

Copy Data
Select ... |FmI11 directory: gilentTraplecolitheatshock
To directory: Collections

Spectral files:

*.pkl ;I

Figure 87  Spectral collector

2 Select the From directory.
3 Select the To directory
4 Click the Copy Data button.

If you create a new directory for your spectral collections, you must copy a data file or
placeholder file (e.g., *.aph) to the directory so that the software recognizes the directory.
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To list details about amino acid modifications

1 Navigate to the Tool Belt page and click the List modifications details
option, as shown in Figure 88.

2 Select an smconfig file:

smconfig.xml - includes all the modifications that are currently
displayed in the Spectrum Mill forms. The file smconfig.xml is created
automatically by merging smconfig.std.xml and smconfig.custom.xml
(which is a configuration file your server administrator optionally
creates).

smconfig.std.xml - includes all of the modifications that are available
when you first install the Spectrum Mill workbench

smconfig.misc.xml - includes additional modification definitions that
Agilent provides “as is”. They are provided as a convenience and can be
copied into smconfig.custom.xml, but they have not been rigorously
tested at Agilent.

3 Click the List button.

Agilent Spectrum Mill - Tool Belt Wilities

Select a Tool:

L) Stop process e Spectral collector

" Create saved results file & List modifications details

L) Create MS/MS search summary file e Create iTraq correction factors
L) View parameter table e Apply iTraq correction factors
" View MSMS search statistics

Select smconfig file: I smeonfigxml j'

Figure 88 List modifications details

The listed details include:

* Modification - the name you see in the Spectrum Mill forms
¢ Internal ID - the name used by the Spectrum Mill programs
¢ Type - the modification type (fixed, variable, or cyclic)

Site(s) - the amino acid or peptide-terminal location(s) for the modification
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¢ Delta formula - the difference in chemical composition between the
modified and unmodified site

¢ Delta mass (Da) - the monoisotopic mass difference between the modified
and unmodified site
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To create a file of iTRAQ correction factors

The Tool Belt provides the capability to incorporate the correction factors
from an iTRAQ certificate of analysis into a file within the Spectrum Mill
workbench. Once you have created the file with the correction factors, you can
apply it to iTRAQ calculations for multiple samples. The file can store
correction factors from multiple batches of iTRAQ reagents and is appended
every time you type correction factors for a new batch number.

To access the capability to store correction factors:
1 Navigate to the Tool Belt page.
2 Click Create iTRAQ correction factors.

3 Refer to your iTRAQ certificate of analysis to fill in the form. See Figure 89
as an example.

Click the Create button.

5 To apply the correction factors from a particular iTRAQ batch to the
calculations for your sample, see page 181.

Agilent Spectrum Mill - Tool Belt Wilities

Select a Tool:

e Stop process & Spectral collector

" Create saved results file " List modifications details

e Create MS/MS search summary file = Create iTraq correction factors
e View parameter table & Apply iTraq correction factors
" View MSMS search statistics

Create iTRAQ correction factors

Mass ‘hof-2 “of-1 %of+1 ‘hof+2
14 |00 1.0 5.8 f0.2
15 [0.0 |20 5.6 f0.1
16 [0.0 [3.0 j45 fo.1
17 [0 f40 |35 f0.1

Figure 89  Create iTRAQ correction factors, shown with example correction factors

180 Spectrum Mill Workbench Application Guide



Using the Tool Belt 7

To apply afile of iTRAQ correction factors

After you have stored iTRAQ correction factors in a file (see page 180), then
you can apply them to your data file so that the Spectrum Mill workbench can
do all the final iTRAQ calculations. (You do not need to export results to Excel
to finalize the iTRAQ calculations.)

1 Navigate to the Tool Belt page.
2 Click Apply iTRAQ correction factors.

3 For Batch, select the iTRAQ batch number for the reagents you used with
the samples.

4 Select the Data Directory that contains your iTRAQ data files.
Click the Apply button.

Agilent Spectrum Mill - Tool Belt Wilities

Select a Tool:
e Stop process & Spectral collector
" Create saved results file " List modifications details

e Create MS/MS search summary file & Create iTraq correction factors
e View parameter table = Apply iTraq correction factors
" View MS/MS search statistics

Batch: I 0s0m? 'l
Apply

Data Directory

Select ... | : iTRAG

Figure 90  Apply iTRAQ correction factors

When the software performs iTRAQ calculations in Protein/Peptide Summary,
it automatically applies the correction factors. Be sure to check the report for

a message about the batch number of the correction factors that the software
used.

If you copy or move your data files to a new directory, copy iTRAQ.correction.txt as well.

This file must be present in the data directory so that future Spectrum Mill calculations can
use the iTRAQ correction factors.
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To identify digest peptides likely to meet specific experimental goals
(Peptide Selector) 184

To align sequences (Multiple Sequence Aligner) 186

To list peptides that correspond to a theoretical protein digest (MS
Digest) 187

To retrieve database entries using text searches (MS Edman) 189

To list theoretical fragment ion masses for peptides (MS Product) 191

To list amino acid compositions that fit precursor mass and partial
composition (MS Comp) 193

To show isotope patterns of peptides (MS Isotope) 195

This chapter describes Spectrum Mill workbench peptide and protein utilities.
These utilities help you accomplish a range of tasks, from retrieving database
entries using text searches to simulating protein digestions. You access these

utilities from the Spectrum Mill home page.
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To identify digest peptides likely to meet specific experimental
goals (Peptide Selector)

Peptide Selector performs theoretical digestions and then automatically
selects from the theoretical peptides those that fit specific criteria. The most
common uses are:

List only those peptides suited to be synthesized with a stable isotope label
and used for quantitation via a multiple reaction monitoring (MRM)
experiment.

List only those peptides suited for incorporation into an accurate mass
inclusion list to be used in a data-dependent MS/MS experiment.

List only those peptides expected to give doubly-charged ESI spectra.

List only the likely detectable forms of all peptides that contain a possible
phosphorylation site.

List only those peptides that contain cysteines.

In many ways, Peptide Selector is similar to MS Digest, described on page 187.
Both Peptide Selector and MS Digest perform automatic protein digestions.
The difference is that Peptide Selector additionally creates limited lists based
on specific criteria.

On the Spectrum Mill home page, click the Peptide Selector link in the
Utilities section.

Check that you see the page shown in Figure 91.

Set Digest Parameters and Product Ion Parameters. See the explanations
in the online help.

Set Criteria for Excluding Peptides. These criteria allow you to set the
rules to discard peptides that you do not want to include in the list. The
excluded peptides do not appear in the final report.

Click the Choose... button to select the modifications that match the
chemistry for your samples.

Under Protein(s) to Select From, set Database options as follows:

To use a sequence from a database, select the appropriate database
name.
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To supply your own sequence, select User Protein and type or paste a
sequence into the User-supplied sequence box. If you have multiple
sequences, you can use a variety of delimiters, as found in HTML- and
Excel-formatted Spectrum Mill reports.

7 Set Search Mode parameters as described in the online help.
8 Click the Select button.

Agilent Spectrum Mill - Peptide Selector

I Select [ Hide HTML links (better Excel cutipaste)

Digest Parameters Product lon Parameters

Digest: ITrypsin 'l i #missed cleavag ID 'l ¥ Show Product lon Masses

Criteria for Excluding Peptides
I 1 vl Peptide exclusion criteria: AA Composition Filtering:

Maximum # basic residues (RHK):

¥ Has nearby cleavage site within |3 7| residues i : KR
Minimum peptide MH:: IQDU.U by L] lj Required AAs: I

¥ Contains peptide H-terminal GIn to oGlu I
= = : IZBUU 0 bept ! Disallowed Afs: |Ch
Maximum peptide MH-: : ™ contains protein H-terminus Acetylated
™ contai H-linked glycosylation site

I Contains no variable modification

Modifications

Choose... |F"‘9d: Carbamidomethylation (C) Variable:

Protein(s) to Select From Search Mode
Database: I SwissPrat j' Count Peptide Uniqueness in Database by: I Sequence j'

Select Peptides from only the Datab Entries | gpeci All j
with the accession numbers below

Allowed delimiters (-}

POTZES = l

POZ2741

POO533

POB7TOZ

Plage0

PO3372

H

Figure 91  Peptide Selector
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To align sequences (Multiple Sequence Aligner)

The Multiple Sequence Aligner enables alignment and comparison of the
amino acid sequences of proteins that are present in a database. This
stand-alone tactility within the Spectrum Mill software highlights the amino
acids that differ among the sequences. (When you access multiple sequence
alignment from Protein/Peptide Summary, the software highlights the
identified peptides within the sequence.)

1 On the Spectrum Mill home page, click the Multiple Sequence Aligner link
in the Utilities section.

Check that you see the page shown in Figure 92.

Select the name of the database that contains the proteins you wish to
align.

4 Type the accession numbers of the proteins that you wish to compare.
Click the Align button.

Multiple Sequence Aligner

Run Cl and highli non-identical AA's across the alignment.

Database: INCBInr.bovine vl

Accession ¥'s:
{can be imited by any

of - |, ; space return)

=

=
Figure 92  Multiple Sequence Aligner
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To list peptides that correspond to a theoretical protein digest (MS
Digest)

MS Digest performs theoretical digestions and calculates masses of peptides
that result. The program accepts both user proteins and sequences from
databases.

1 On the Spectrum Mill home page, click the MS Digest link in the Utilities
section.

2 Check that you see the page shown in Figure 93.

3 Click the Choose... button to select the modifications that match the

chemistry for your samples. For details, click the blue bar labeled
Modifications to access the online help.

4 Fill in the other options. See the explanations below and in the online help.
In general, you should keep the default values, except for settings that are
highlighted in red.

5 If you want to include a User-specified amino acid, indicate it with a
lower-case u in the Protein sequence box, and then specify an elemental
composition.

6 Click the Digest button.
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Agilent Spectrum Mill - MS Digest

Spectrum Mill m Peptide Selector | Tool Belt m

" Report multiple charges
m [ Hide protein sequence
[" Show only protein sequence

¥ Hide HTML links

Digest: | Trypsin =l
Mazimum # missed cleavages: |2 Calculate masses as: I onoisotopic j

Modifications

Choose... |Fixed: Carbamidornethylation (C) jlatiable:

Database

Database: IUSE[’ Pratein vl User-specified amino acid {u): { Default is Ghy )
clf wl [ el sl e

Protein sequence:

Paste or type sequence in this field. Delete these instructions first.

Tabhs, returns, and spaces are ignored.

USE CAPITAL LETTER3 for ummodified amino acids or those with fixed
modifications.

Use lower case letters to indicate WVARIAELE modifications. Only those Variable
modifications that have been selected will be considered.

|

To enable the user-specified amnio acid, use the lower case letter u:
u - user specified amino acid (provide elemental composition above)

Do NOT use the letters B, J, @, U, X, or Z.
Do NOT use 3-letter code amino acid symbols. :J

Figure 93  MS Digest

Database To select a sequence from a database, select the appropriate database name.
To supply your own sequence, select User Protein and supply a sequence in
the Protein sequence box.

Retrieve database = When you select a database name, you then have two choices:

entry by: Select Accession Number and supply the correct Database accession

number in the box to the right.
¢ Select Index Number and supply the correct MS Digest index number in
the box to the right.

The Accession Number and Index Number entries apply only if you have
selected a database name as the Database option. If you have selected User
Protein, these entries are ignored.
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To retrieve database entries using text searches (MS Edman)

MS Edman allows you to search text fields (such as sequence, name, accession
number or species) in protein databases.

MS Edman can help identify a protein if you know only the molecular weight
of a tryptic fragment and some of the sequence. For example, if you know a
peptide mass and some sequence information from de novo sequencing, then
MS Edman is a useful search tool.

MS Edman is also the first step when you want to create a specialized subset
database of entries that match your text search criteria. For example, you
could use MS Edman to find all proteins that contain a certain amino acid
sequence. If you marked the Save hits to file check box on the MS Edman
form, you could then use Protein Databases to create a subset database from
these saved results. See “To create a subset database from saved hits” on
page 203.

1 On the Spectrum Mill home page, click the MS Edman link in the Utilities
section.
Check that you see the page shown in Figure 94.
Set options for Search, Search Parameters, and Modifications. See
explanations in the online help.

4 Select a Search Mode. Your choice determines which additional options
appear. There are three types of search modes:

Sequence Only: Search for an amino acid sequence. Type the sequence
as a Regular expression. (See the next step.)

Sequence and Mass: This is the same as the Sequence Only mode, with
the addition that search results are filtered by peptide mass. Type a
sequence and mass(es).

Name, Accession Number or Species: Type one of these in the box
below.

5 To type the sequence in the box under Regular expression, use regular
expressions that the UNIX® grep command understands. Think of regular
expressions as very intelligent wild cards. Use the following guidelines:

WVTF (no brackets) means the sequence is exactly WVTF. Use this type
of designation for parts of the sequence that are known with certainty.

[AK] means the amino acid is either A or K. The program searches for
either one.

Spectrum Mill Workbench Application Guide 189



8 Using Spectrum Mill Utilities

[*"EF] means the amino acid is neither E nor F. The program searches for
all other possibilities.

. (period) means a single amino acid is unknown. The program searches
for all possibilities.

.* (dot star) means a section of the sequence is unknown. The length of
that section is not specified. For example, FMQ.*K means that the
sequence begins with FMQ and ends with K, but there is a section of
unknown sequence of unspecified length in the middle.

In the example shown in Figure 94, the sequence is: either A or K, followed
by either A or K, followed by PV, followed by either I or L, followed by ED,
followed by either I or L, followed by R.

For more information on the grep command, go to a UNIX® system and type
man grep, or search the internet for grep.

6 Click the Start Search button.

Agilent Spectrum Mill - MS Edman

Start Search Mazximum reported hits: IZDD

- Display combinatorial peptide output

Sample ID: |Enter_Comment

Search Parameters

Database: INCBInr.bovine vl

Species: |A|| x| Dpigest: | Mo enzyme |
"' Search hits from file: Ilastres Maximum # of mismatched Af's: |2 T
[~ Save hits to file: IIastres MV of protein: from |1000 Dato [100000 pa @ an

Modifications

Choose... |Fixed: Carhamidomethylation (C)

Search Mode

Search mode: ISBQUBHCB Only vl

Regular expression {Use CAPITALS):
|[AK] [AKIFYIILIED[ILIR

Figure 94 MS Edman
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To list theoretical fragment ion masses for peptides (MS Product)

MS Product calculates theoretical ion masses from peptides that undergo
dissociation via post-source decay or high- or low-energy collision-induced
dissociation.

1 On the Spectrum Mill home page, click the MS Product link in the Utilities
section.

2 Check that you see the page shown in Figure 95.

3 Fill in the options. See the online help for explanations. Note that under
Product Ion Types, you need to select the ion types that are appropriate for
your instrument.

4 If you want to include a user-specified amino acid, indicate it with a
lower-case u in the Sequence box, and then specify an elemental
composition at the bottom of the form.

5 Click the Fragment button.
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Agilent Spectrum Mill - M5 Product

Fragmentation
Calculate masses as: I Monoisatopic j
Fragment
Maximum reported charge: I 1 'l
Peptide Sequence
Uze CAPITAL letters for unmadified amino acids or those with Fixed Modifications.
Uze lower case letters for amino acids to indicate a Yariable Modification (eg. KCmoyia).

Use 'u' for the user-specified aminio acid (see below].
Usze 'o' for Homoserine Lactone.

Enter sequence: ISAM PLER

Modifications

Chaoose... |F"‘9d: Carbamidomethylation (C) Variable:

Product lon Types

[=ome types require presence of specific 84" inion)

Internal
product ions

Ladder

AA composition ions T
sequencing ions

H-terminus sequence ions ‘ C-terminus sequence ions

| Vi | Mm ||7a||7h||_c||_c'||_x||7y||_\’||_z||_z'||_z“||7internaI||_N-terminus|rC-terminus

Heutral-loss sequence ions Peeling sequence ions

Satellite sequence ions
{ side-chain loss )

Mo [ [ npo, | [ socH,
5T RK,Q

¥ b+Hy0

FCa | Tw | Mw y m
(5, T+P0Oy) | (M+Ox) R

User-specified AA elemental composition (u):

C:Iz_ H:|3_ N:|1_ 0:'1_ S:ID_ P:ID_ { Default is Gy }
Figure 95  MS Product
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To list amino acid compositions that fit precursor mass and partial
composition (MS Comp)

MS Comp fills in possible amino acid compositions for a peptide, given a
peptide mass and partial composition determined from immonium ions
present in MS/MS spectra.

1 On the Spectrum Mill home page, click the MS Comp link in the Utilities
section.

Check that you see the page shown in Figure 96.
3 Select the Combination type.You have three choices:
Select Amino Acid to get a list of amino acids.

Select Peptide Elemental to get a list of elemental compositions
corresponding to these amino acids.

Select Elemental to get a list of elemental compositions without regard
to whether or not they could be peptides. This option speeds searches at
higher masses.

4 In the Peptide section, type an m/z value and select possible Ion types that
correspond to this m/z value.

5 Fill in the other options. See the explanations in the online help.

6 Click the Composition button.
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Agilent Spectrum Mill - MS Comp

Spectrum Mill m Spectrum Summary | de rove m

Compositions

LRI paximumn reported compositions: I1 noo Combination type: |TmsMrRaee

Note: If the mass tolerance is large and few ions helow are checked then the program will take a long time to run.
Peptide

miz: |1260 59592 lon types:
Da +i- |1U ppm *
Charge (z): m

mizis: IMonolsmoplc =l

AA Composition
Based on immonium and related ions:

Ceo | Do | 72| T74 | Mss [ 87 Ces | [T es101129 | ™ 102
5 R.P v T L MR D Ka E
o4 | Mo | T o120 | T 126 | M 136 | M 117130459170 | W 70,73,87,100,112,185

M H F P ¥ W R

Based on loss from precursor ion:

™ -3RH-R [ -80.-98

" -Ba
C (zelect modified Cys above) | FO4 - 5T (check s and t below)

SOCH - M (check m below)

mEt
R

Mote: Farions with multiple residues {i.e. 86: means | or L.
Mote: Requires presence of at least ane A4 far each composition ion selected.

AminoAcids
Absent amino acids (Check to prevent possible inclusion)

HAlHERSERNARE AR AR

Muodifications

I user defined amino acid: C:|2 H:|3 N:|1 0;|1 s: |0 p-|0 { Default is Gly )
Chooge... |Fixed: Carbamidomethylation () Variable:

Figure 96 MS Comp
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To show isotope patterns of peptides (MS Isotope)

MS Isotope calculates and displays isotope patterns of peptides.

On the Spectrum Mill home page, click the MS Isotope link in the Utilities
section.

-—

Check that you see the page shown in Figure 97.

Select Peptide sequence to display the isotope pattern for a peptide
sequence, or select Elemental composition to display the isotope pattern
for an elemental composition. The other options change accordingly.

4 Fill in the options. For explanations, see the online help.
Click the Calculate button.

Agilent Spectrum Mill - MS Isotope
Isotope Distribution
Calculate Calculate masses as: IMUnUiSDtDpiC j " Show detailed report

= Ppeptide sequence

 Elemental composition

Use CAPITAL [etters for unmodified amino acids.
Uze lower case letters for variahle madified amino acids to indicate madification {eg. KOmgya).
Uze ' for the user-zpecified aminio acid.

sequence |SAMPLER
User-specified A elemental composition (u):

C:IQ_ H:|3_ N:h_ 0:'1_ S:ID_ P:ID_ ( Default is Gly )

Choose... |eru: Carbamidamethylation (C) atiable:

Figure 97  MS Isotope
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¢ PY ¢ Manipulating sequence databases 198
° Other system administration tasks 207

This chapter describes system administration tasks to install, maintain, and
customize sequence databases, and to customize various aspects of the
Spectrum Mill workbench. This chapter covers the highlights; you can find
additional information in the online help. See millhtmI\SM_instruct\faman.htm
and millhtmI\SM _instruct\servadmn.htm. You can link to these from any
Spectrum Mill help page. The Protein Databases link takes you to faman.htm,
while the Server Administration link takes you to servadmn.htm.
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Manipulating sequence databases

198

To install or update databases

A number of public protein and DNA sequence databases are available via the
internet. Here is how you install them:

1 Establish an internet connection to a site that has a database available for

download.

The easiest way to connect is to click the appropriate link in the
“Updating Databases” section of the online help file faman.htm (help for
the Protein Databases page). If the links have become obsolete, check the
Agilent Software Status Bulletin and Patches Web site for a file update.
See the Quick Start Guide for details to connect to this Web site.

If you want to automate this process, you may want to use an ftp utility.

To download the database file, drag the file (zip format) from the browser
window to an open directory window on your Spectrum Mill server. For
performance reasons, it is best to:

Locate the databases in a separate drive from the rest of the Spectrum
Mill files.

Locate the databases on the Spectrum Mill server PC rather than on a
remote computer.

Use a ZIP file utility program to extract the database file into the seqDB
directory in your Spectrum Mill workbench installation.

Rename the database file with the required name prefix, as described in the
online help. Use capital letters exactly as described in the online help. This
prefix is critical for the Spectrum Mill workbench to parse the header for
each protein to retrieve protein name and species information. Use of a file
extension (such as .fas) is optional.

When you update a database, use the same file name. Do not append a new suffix.
Otherwise, you will have problems when you review older data.

You must create database indices each time you update a database.
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5 If you download a second database of the same FASTA format, and you
want to link to different URLs from the search results, you rename the
second database with a similar lower case database prefix. See the
“Updating Databases” section of the online help file faman.htm. See also “To
change the URLs of HTML links in the search results” on page 208.

6 If you want to search a user-created database, it is important to know the
FASTA format of the database and to follow Spectrum Mill naming
conventions. See the “The Spectrum Mill Workbench File Naming
Conventions for Proprietary/Generic FASTA Databases” in the online help
file faman.htm.

7 Follow directions in the next section to create database indices.
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To create

database indices

If you have not done this before, read the explanation at the end of the task.

If you wish to use the command line version of Protein Databases for
automation purposes, skip the rest of this section and see the online help
document faman.htm. Read the section entitled “The Command Line Version
of Protein Databases.” Otherwise, continue to the next step.

To use a browser window to create indices, click the link to the Protein
Databases page from the Utilities section of the Spectrum Mill home page.

Select the Create indices for new database option.

Check that you see the form shown in Figure 98.

Type the exact name of the new database. Be sure to use capital and
lower-case letters exactly as in the database name.

Click the Create Indices button.

As the indices are created, check that you see a display like the one in
Figure 99.

Click the Back arrow to return to the Protein Databases page.

10 Click Update Database List and verify that the database you just indexed

appears in the list of databases.

11 To maintain server performance, always defragment the database hard

drive after you install a new database.

Agilent Spectrum Mill - Protein Database Utilities

[y o [wsws Seore | sere [ oo oo [

& Create indices for new database
' Create species subset database
" Create subset with indices from saved hits
" Create or append user database

" patabase summary report
(After creating a database, click the "Update Database List' button to see the datahase listed)

Update Database List |

Create Indices

Newly downloaded datahase: |NCEIInr.Stdmix

Existing databases: INCBW-BCD“ j

Figure 98  Create indices for new database
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Protein Database

Counting entries in datahase and creating index file {ids).
Frocessing entries to find species, accession number,

and unknown sequence characters.

Calculating Protein M and pl and creating unknown sequence characters file {unk).
18 entries in the database.

18 entries processed. 0 entries contained unreadable species.
Creating male_wt file {.mw).

Creating pl file { pi).

Creating species file {sp).

Creating species listfile {sl).

Creating accession_number file {.acn).

Indexed Database: MNCBInr.stdmix

Figure 99 Display while database indices are created

Indices serve a number of useful purposes in the Spectrum Mill workbench,
including:

¢ Faster output generation when you review results

¢ Accelerated searches when you use molecular weight or species filters. See
“To create a species and protein molecular weight subset database” on
page 202.

¢ Searches of results saved from other search programs. See “To create a
saved results file so you can search previous hits” on page 170 and “To
create a subset database from saved hits” on page 203.

¢ Creation of custom databases. See “To create a user (proprietary)
database” on page 204.

Spectrum Mill indices bear no relationship to indices used in another popular protein
database search program.
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To create a species and protein molecular weight subset database

For faster searches, you create subset databases based on species and
molecular weight filters.

1 To create a subset database, click the link to the Protein Databases page
from the Utilities section of the Spectrum Mill home page.

Select the Create species subset database option.
Check that you see the form shown in Figure 100.

Fill in the form. Choose a descriptive suffix for the database, such as
“human” or “yeast.”

Click the Create button.

In this example, the created subset database is NCBInr.ecoli.

Agilent Spectrum Mill - Protein Database Utilities

[Syecrm o TS Seoren | sere [ o oot [

" Create indices for new database

% Create species subset database
" Create subset with indices from saved hits
" Create or append user database

" patabase summary report
(After creating a database, click the "Update Database List' button to see the datahase listed)

Update Database List |

Suffix for subset database: IBCU“

Existing database: |NCEIInr hd|
Species: IESCHER|CH|A CoLl j

MW of protein: (from |1000 pato [100000 gy & an

Figure 100 Create species and protein molecular weight subset database

Because of inconsistencies in the way species information is organized in different
databases, the Spectrum Mill workbench cannot read about 1 to 2% of the species
designations in NCBInr, and cannot read any of the species information in trEMBL. To
create a molecular weight subset database from trEMBL, set the Species filter to All.
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To create a subset database from saved hits

The Spectrum Mill workbench allows you to create a subset database from a
*.res file (list of accession numbers) you save in MS Edman. This is useful
because MS Edman allows you to do a text search on a database and then save
the results. The text search could find, for example, all proteins with a given
name, or all proteins that contain a certain partial amino acid sequence. You
use Protein Databases to read the *.res file and create a new subset database.
You can then use any of the Spectrum Mill database search programs to search
this database from any data directory.

1 Make sure you have already run MS Edman and saved hits to a file.

2 To create a subset database, click the link to the Protein Databases page
from the Utilities section of the Spectrum Mill home page.

3 Select the Create subset with indices from saved hits option.
Check that you see the form shown in Figure 101.

5 Fill in the form. Be sure to use a unique suffix so you don’t overwrite
previously-created databases.

6 Click the Create button.

Agilent Spectrum Mill - Protein Database Utilities

[y o [wsws Seore | sere [ oo oo [

" Create indices for new database

' Create species subset database
& Create subset with indices from saved hits
" Create or append user database

" patabase summary report
(After creating a database, click the "Update Database List' button to see the datahase listed)
Update Database List |

Suffix for subset database: Ibovine

Database used in search to save hits: I MCEInr j

From MS Edman results file: IIastres

Figure 101 Create subset database with indices from saved hits
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To create a user (proprietary) database

The Spectrum Mill workbench allows you to create and search your own
FASTA-format databases.

1 To create a user database, click the link to the Protein Databases page from
the Utilities section of the Spectrum Mill home page.

2 Select the Create or append user database option.
3 Check that you see the form shown in Figure 102.

4 Follow procedures in the online help document faman.htm. It is best if you
read the entire document. As a minimum, read the following two sections:

“Creating or Appending to a Database Containing User Supplied Protein
or DNA Sequences”

“The Spectrum Mill Workbench File Naming Conventions for
Proprietary/Generic FASTA Databases.” (The database will not work if
you fail to name it correctly.)
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Agilent Spectrum Mill - Protein Database Utilities

[y o [wsws Seore | sere [ oo oo [

" Create indices for new database

' Create species subset database
" Create subset with indices from saved hits
# Create or append user database

" patabase summary report
(After creating a database, click the "Update Database List' button to see the datahase listed)

Update Database List |

Database name: INCBInr.user

Description: |enter here

Species: IHUMAN Accession number: I1

Paste or type sequence in this field. Delete these instructions first. :J

Taks, returns, and spaces are ignored.

USE CAPITAL LETTERS.

Do NOT use the letters B, J, O, U, X, or Z.

Do NOT use 3-letter code amwino acid symbols.

DNAL sequences can be added to DNA databases.

Figure 102 Create or append to user database

To add user sequences to an existing database

¢ See “To create a user (proprietary) database” on page 204.
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To generate a database summary report

You use a database summary report to view a range of database entries. This
report is useful for troubleshooting.

1 To create a summary report, click the link to the Protein Databases page
from the Utilities section of the Spectrum Mill home page.

Select the Database summary report option.
Check that you see the form shown in Figure 103.
Fill in the form.

AR wWw N

Click the Summarize button.

Agilent Spectrum Mill - Protein Database Utilities

[Syecrm o TS Seoren | sere [ o oot [

" Create indices for new database

' Create species subset database
" Create subset with indices from saved hits
" Create or append user database

# patabase summary report
(After creating a database, click the "Update Database List' button to see the datahase listed)

Update Database List |

Summarize

Database: | NCBlnr.ecoli |
Reading frame: IE, {for DMNA only}
Index number range: I1 to I1 ™ an

™ Hide protein sequences

Figure 103 Database summary report
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Other system administration tasks

To add custom amino acid modifications

To set up custom amino acid modifications, start with the file \msparams_mill\
smconfig.custom.empty.

Do not modify smconfig.std.xml or smconfig.xml.

The file smconfig.misc.xml contains definitions that are provided as a convenience but
that have not been thoroughly tested at Agilent. Please verify the definitions before you
use them.

1 Copy smconfig.custom.empty to smconfig.custom.xml.

2 Create definitions for modifications and/or mappings for homology search
modes.

To make the task easier, examine the files smconfig.std.xml or
smconfig.misc.xml for modification definitions that are similar to the ones
you need. You may copy and paste these definitions into your
smconfig.custom.xml file, and then modify the definitions.

See the online help document SMCustomModifications.doc for details and
syntax for adding modifications.

3 To make your custom modifications available in the software, run the perl
script \millscripts\updateModsFile.pl or click the Choese... button in one of the
Spectrum Mill forms.

The Spectrum Mill workbench automatically combines the
smconfig.custom.xml file and the smconfig.std.xml file to produce the
smconfig.xml file that is used by the Spectrum Mill programs.

When the software creates the smconfig.xml file, definitions in
smconfig.custom.xml override any definitions in smconfig.std.xml.

The smconfig.custom.xml file is not overwritten during a re-install of the Spectrum Mill
workbench.
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To change the URLs of HTML links in the search results

By default, search results use the HTML links shown in Table 7. You edit text
files listed in the last column of Table 7 to change these links.

1 Make a backup of each file before you modify it.

2 Edit the file. See the online help document servadmn.htm for details.

Table 7 HTML links in search results

Click this To go to this Text file to edit link

Accession number Remote database entry msparams_mill\
urlsAccessionNum.txt

MS Digest index number MS Digest results for database  msparams_mill\
sequence urlsindexNum.txt
Amino acid sequence (in MS Product listing for that msparams_mill\urlsSequence.txt

individual MS/MS or PMF sequence
search results)

To Enable the HTML link to BLAST search

If you wish to have the amino acid sequence in Protein/Peptide Summary link
to BLAST (Basic Local Alignment Search Tool), edit the file millscripts\
libSpecMill\IsmGlobals.pm.

1 Make a backup of the millscripts\libSpecMill\IsmGlobals.pm file.

2 Open the millscripts\libSpecMill\IsmGlobals.pm file in a plain text editor (e.g.,
Notepad) to edit it.

3 Change the following line (near line 36):
From: $GLOBAL_ADD_BLAST _LINK = 0;
To: SGLOBAL_ADD BLAST_LINK =1,

4 Save the file.

If you enable the BLAST link, be aware that it will take longer to load large
data sets in Protein/Peptide Summary.
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To add/change options related to biology/chemistry

The Spectrum Mill workbench allows you to modify a number of parameters
related to the biology or chemistry of your study. To customize these options,
you modify text files in the folder msparams_mill.

1 Archive each file before you modify it.

2 Edit the file(s). See the online help document servadmn.htm for details. For
edits that involve smconfig.custom.xml, see also “To add custom amino acid
modifications” on page 207.

The biology/chemistry options that you can change include:

* Species filter (species.txt)

¢ Cysteine modification options (smconfig.custom.xml)

¢ N- or C-terminal groups (smconfig.custom.xml)

¢ Other custom amino acid modifications, including those used for
differential expression quantitation (smconfig.custom.xml)

¢ Elements (smconfig.custom.xml)
¢ Enzyme cleavage rules (enzyme.txt)

¢ Categories of proteins (categories.#.tsv)

To add instrument types

You can add instrument types and configure MS/MS Search scoring and peak
detection parameters for these instruments.

See the online help document servadmn.htm for details.

1 Archive these files before you modify them:
msparams_mill\instrument.txt
millhtm\SM_js\instrument.js

2 Edit the files.
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To maintain server performance

To maintain server performance:

* Periodically archive data that is no longer needed; remove it from the server
and defragment the data drive.

* Always defragment the database drive after installing a new database.
Spectrum Mill data directories contain many very small files. Over time, disk
fragmentation from accumulated files causes newly-added raw data files to

become heavily fragmented. If you fail to defragment the data drive, Data
Extractor speed declines.

If you fail to defragment the database drive, search speeds decline.

To use server administration scripts

The milladmin folder provides scripts that system administrators may use to
configure the Spectrum Mill installation. These scripts:

e Configure IIS for the Spectrum Mill workbench
¢ Set file permissions for critical Spectrum Mill files
¢ Set file access permissions for msdataSM and subfolders

* Create data file placeholders to allow you to remove raw data files

See the online help document servadmn.htm for details.

To avoid problems with connection time-outs

The default Internet Information Server (IIS) settings applied by the Spectrum
Mill installation may not be suitable when you process large data sets with
long extraction and search times. To avoid having your connections time out,
change IIS settings on the Spectrum Mill server. For new settings, see the
online help for server administration (servadmn.htm).
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To configure server with drives other than the default configuration

1 Read the discussion below.

2 If the hard drive configuration changes (e.g. additional hard drive
installed), then you need to uninstall and reinstall the Spectrum Mill
software to see new partitions. If you need to move the collected data to a
new data storage path, you must do this manually.

The Spectrum Mill Install Shield program examines your current drive
configuration and allows you to select from the partitions available where to
install the Spectrum Mill program and example data. The default choice is the
largest partition found. This path is highly recommended since all data used
with the Spectrum Mill program must reside in the same partition as the
program, and because the data will require the most space for storage.

The software installation also allows you to designate the location for the
database(s). By default, the second largest partition is selected, but as with the
program and data, you can change this designation. The second largest
partition is recommended for installation of the databases because they are
typically a few hundred megabytes in size. You should assign the Windows®
Paging File location to the same partition since few disk writes will occur that
could lead to fragmentation of the Paging File.

To remove and reinstall the Spectrum Mill workbench

If you wish to remove and reinstall the Spectrum Mill workbench, see the
Spectrum Mill MS Proteomics Workbench Installation Guide.

If you remove the Spectrum Mill workbench and intend to reinstall it, note the
following:

¢ Software removal does not delete the data folders (msdataSM), nor the
protein databases (seqDB).

¢ Be sure to archive and restore any configuration files that have been
customized for your site. These might include:

millhtm\sm_js (instrument.js, massOpt.js, protChem.js, species.js,
iTRAQbatches.js)

millscripts\libSpecMill\IsmGlobals.pm

msparams_mill (various *.txt files, including contaminant mass list files)
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This chapter begins with an architecture overview and then lists the files the
Spectrum Mill workbench creates as you process results from analyses of
protein digests. The file lists are organized by data processing module. Since
the Spectrum Mill modules automatically create and call these files as needed,
you don’t need to know about them to use the software. They are listed as an
aid to troubleshoot data processing, to selectively remove parts of the
processing, and to decide which files to archive.
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Architecture Overview

The following figures show an overview of the Spectrum Mill architecture,
including programs, scripts, and some of the files that are produced. For more
details on the files, see the tables that follow.

hitTable.1.tsv
spectrumTable.1.tsv Vali
- o alidated
Validated proteins
peptides
*d
“raw cpick_in/*.pkl
* wiff — tagSummary.1.tsv
*pkl speckustree 1.tev results mstag/".spo spectrumTable.2.tsv
LC/MS/MS E)ftracted MS/MS Search Uninterpreted
—_— filtered — N . D
run interpretations spectra
spectra
results_sherenga/".txt
Sequence
pp— databases Sherenga
gen Interpretations
SM Files I
SM Concepts | . |
External Database Web site BLAST

Figure 104 Architecture for MS/MS workflow
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*.ssv
. B PMF Summary 2D gel
PMF Summary List of proteins > imaging
package
fit_batch_in/*.xmi
fit_batch_in/*.1mi
“d fit_batch_in/*.2mi MS Digest
* wiff fit_batch_in/*.mic
results_msfit/*.spo
MALDI-TOF Extracted results e hum
AP-MALDI-TOF filtered PMF Search Coverage
AP-MALDI-Trap spectra interpretations map
Data Extractors
LC-TOF -Agilent
Sciex PMF Search
Sequence
Legend databases
SM Programs .
SM Files Protein Databases I
SM Concepts
External Database Web site
Figure 105 Architecture for MS-only workflow
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Data Extractor (MS/MS raw data)

Table 8 lists the files created when you run the MS/MS raw data extractor.
These are all created under the msdataSM directory, in the subdirectory that
contains your raw data files. All are text files; you can open them with
Notepad.

Table 8  Files created by MS/MS raw data extractor

Files and Folders Created Contents Notes

parentChargeCheck.txt » Scan number in format
Data_File_Name ####, where #### is
the scan number
» Charge assignment for precursor ion
* Precursorion
* Number of b/y pairs found

xtractorRejectReasons.txt » Scan number in format + Useful to troubleshoot data extraction
Data_File_Name. . #### for single scan or problems
Data_File_Name.aaaa.bbbb for merged + For Applied Biosystems/MDS Sciex
scans, where instruments, aaaa = (1/10 x retention
aaaa = first merged scan time in seconds).

bbbb = last merged scan

» Reject reasons. Examples are:
Scans merged based on precursor ion
and time window tolerances
Minimum sequence tag length
requirement not met
Precursor ion out of range specified for
MH*
<4 peaks after picking

runStats.txt + Various statistics for the extractor run,
including numOQOutputFiles, which is the
number of extracted spectral files entered in
the subdirectory cpick_in

SpecFeatures.1.tsv » Spectral features calculated for each
spectrum in the subdirectory cpick_in

xtractor.1.params + Record of data extractor parameters
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Files created by MS/MS raw data extractor

Files and Folders Created

Contents

Notes

cpick_in\".pkl

Series of folders in the
subdirectory that contains
your data file(s). Folders are
listed in next column.

.aph

+ Series of files - one for each spectrum
extracted
+ File name in format:
Data_File_Name.aaaa.bbbb.c.pkl, where
aaaa = first merged scan
bbbb = last merged scan
c = assigned precursor charge (0 means
charge was ambiguous)

+ cpick_in

+ fit_batch_in

* results_msedman
* results_msfit

* results_mstag

* results_sherenga

+ Series of files - one for each Agilent (*.d)
raw file extracted
+ File name in format: Data_File_Name.aph

+ If you rerun the Data Extractor using a
new set of extraction parameters, mark
the check box to Remove all prior
results.

+ For Applied Biosystems/MDS Sciex
instruments, aaaa = (1/10 x retention
time in seconds).

« These are placeholder files that
correlate extracted spectra with original
raw data file.

* These are created only for Agilent files.
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Data Extractor (generic data)

Table 9 lists the files created when you run the generic data extractor. These
are all created under the msdataSM directory, in the subdirectory where you
placed your appended *.pkl spectral files, (or one level above the cpick_in
subdirectory where you placed your individual *.pkl or *.dta spectral files). All
are text or html files.

Table9  Files created by generic data extractor

Files and Folders Created

Contents

Notes

parentChargeCheck.txt

xtractorRejectReasons.txt

runStats.txt, runStats.htm

SpecFeatures.1.tsv

gtofXtractor.1.params

Headers for scan number and charge
assignment
No other data

Spectral file name
Reject reasons

Empty files

Spectral features calculated for each
spectrum in the subdirectory cpick_in

Record of data extractor parameters

» Useful to troubleshoot data extraction
problems
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Table9  Files created by generic data extractor

Files and Folders Created Contents Notes

cpick_in\".pkl + Series of files - one for each spectrum * If you rerun the Data Extractor using a
extracted - created when you extract an new set of extraction parameters, mark
appended *.pkl file that contains multiple the check box to Remove all prior
spectra results.

Series of folders in the
subdirectory that contains
your data file(s). Folders are
listed in next column.

File name in format:
Data_File_Name.Scan_Number.0.
Precursor_Charge.pkl, where
Data_File_Name = prefix of appended
*.pkl file
Scan_Number = consecutive order of the
scan in the appended *.pkl file
0 = placeholder where function number
would be if created by Micromass
ProteinLynx software
Precursor_Charge = charge of the
precursor ion

cpick_in
fit_batch_in
results_msedman
results_msfit
results_mstag
results_sherenga
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Data Extractor (MS-only raw data)

Table 10 lists the files created when you run the MS-only raw data extractor.
These are all created under the msdataSM directory, in the subdirectory that
contains your raw data files. All are text files; you can open them with
Notepad.

Table 10  Files created by MS-only raw data extractor

Files and Folders Created Contents Notes
parentChargeCheck.txt » Headers for scan number and charge
assignment

» No other data

xtractorRejectReasons.txt * Headers for spectrumName,
numScansAfterParent, and RejectReason
* No other data

runStats.txt * Information such as fileName and
sampleName
SpecFeatures.1.tsv + Various headers

* No other data

xtractor.1.params * Record of data extractor parameters

fit_batch_in\*."mi or + Extracted file + If you rerun the Data Extractor using a

fit_batch_in\*.mic + File name in format: Data_File_Name.*mi or new set of extraction parameters, mark
Data_File_Name.mic the check box to Remove all prior

results.

Series of folders in the * cpick_in

subdirectory that contains « fit_batch_in

your data file(s). Foldersare ~ + results_msedman

listed in next column. * results_msfit

* results_mstag
* results_sherenga
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MS/MS Search

Table 11 lists the files created when you run MS/MS Search. These are all
created under the msdataSM directory, in the subdirectory that contains your
raw data files. All are either text or html files.

If you accidentally run a search with incorrect search settings, you should
remove the associated files from your system, especially the files in the
results_mstag subdirectory. Otherwise, they will be included in future results
reviews, validations, and summaries. If you have run multiple searches, be
sure to check the time and date stamps on the files so that you do not

mistakenly remove good search results.

Table 11  Files created by MS/MS Search

10

Files Created Contents

Notes

tagSummary.#.tsv » Summarizes all search results

mstag.#.params » Record of MS/MS Search parameters

mstagSpeedLog.tsv + Speed statistics for MS/MS Search run

New file created each time you run
MS/MS Search. Files are numbered
tagSummary.1.tsv, tagSummary.2.tsv,
etc.

You also create this file when you click
the Create MS/MS search summary
file button on the Tool Belt page.

New file created each time you run
MS/MS Search. Files are numbered
mstag.1.params, mstag.2.params, etc.
When you search an ion trap data file

that contains both CID and ETD spectra,

then two additional files are created
because there are two sets of search
conditions. The additional files are of
the formats mstag.1a.params and
mstag1b.params.

File is not overwritten unless you mark
the check box for Remove all prior
MS/MS Search results. For iterative
searches that use the same data set,
the new results are appended to the
end of the file.
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Table 11  Files created by MS/MS Search

Files Created Contents Notes

results_mstag\.pkl.spo + Series of text search results files - one for + Contents of results_mstag
each extracted spectrum searched. (Some subdirectory are updated each time you
extracted spectra do not meet quality run MS/MS Search on the same file
criteria for searching.) set.

* File name in format: + For Applied Biosystems/MDS Sciex

Data_File_Name.aaaa.bbbb.c.pkl.spo, instruments, aaaa = (1/10 x retention
where time in seconds).

aaaa = first merged scan

bbbb = last merged scan

¢ = assigned precursor charge (0
means charge was ambiguous)

results_mstag\junk.#.htm  Scratch file of html output before * New file created each time you run
redirection to browser MS/MS Search. Files are numbered
junk.1.htm, junk.2.htm, etc.
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Protein/Peptide Summary, Spectrum Summary, and Autovalidation

Table 12 lists the files created when you validate data with the
Protein/Peptide Summary page, the Spectrum Summary page, or the
Autovalidation page. These are all created under the msdataSM directory, in
the subdirectory that contains your raw data files. All are text files.

Note that correlated files from a given validation step have the same time and
data stamp, but not necessarily the same number in the file sequence. For
example, autovalidation.1.params may be correlated with spectrumTable.3.tsv and
hitTable.2.tsv. This is because multiple modules write to subsets of these files.

Table 12  Files created by Protein/Peptide Summary, Spectrum Summary, and Autovalidation

Files Created Contents Notes
hitTable.#.tsv » Record of MS/MS Search hit validation + Created when you click the Perform
states Validation button on the

Protein/Peptide summary page or the
Validate Files button on the
Autovalidation page

+ New file created each time you click the
button. Files are numbered
hitTable.1.tsv, hitTable.2.tsv, etc.

* Results are cumulative; each new file
starts with the previous file and adds
information.
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Table 12  Files created by Protein/Peptide Summary, Spectrum Summary, and Autovalidation

Files Created Contents Notes
spectrumTable #.tsv * Record of spectrum validation states, + Created when you click the Update
including: button on the Spectrum Summary page
whether the spectrum has been or the Perform Validation button on the
designated good or bad Protein/Peptide summary page or the
whether the spectrum has a validated Validate Files button on the
database hit Autovalidation page

* New file created each time you click the
button. Files are numbered
spectrumTable.1.tsv,
spectrumTable.2.tsv, etc.

» Results are cumulative; each new file
starts with the previous file and adds
information.

autovalidation.#.params * Record of autovalidation parameters + Created when you click the Validate
Files button on the Autovalidation page
* New file created each time you click the
button. Files are numbered
autovalidation.1.params,
autovalidation.2.params, etc.
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Tool Belt

Table 13 lists the files created with the Tool Belt page. All are text files.

Table 13  File created by Tool Belt

File Created Contents Notes
*.res + Results file of validated rank one hits + Created when you select the Create
+ File name in format: saved results file option and click the
Database_Name_with_any_extensions.res Create File button

* Created in the results_mstag folder
within the subdirectory that contains
your raw data files

+ Overwritten each time you create a
saved results file for that database and
data directory

tagSummary.#.tsv * Summarizes all search results + Created when you select the Create
MS/MS search summary file option
and click the Create File button
+ Created in the subdirectory that
contains your raw data files
* The MS/MS Search module also writes
to this file. See Table 11 on page 221.

iTRAQ.corrections » iTRAQ correction factors and batch numbers < Created when you select the Create

iTraq correction factors option, type a
batch number and correction factors,
and click the Create button

+ Created under the msparams_mill
directory

+ File is appended every time you type
correction factors for a new batch
number

+ Software will not allow you to overwrite
existing correction factors for a batch
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Table 13  File created by Tool Belt

File Created Contents Notes

iTRAQbatches.js » iTRAQ batch numbers + Created when you select the Create

iTraq correction factors option, type a
batch number and correction factors,
and click the Create button

+ Created under the millhtmI\SM _js
directory

+ File is appended every time you type
correction factors for a new batch

number
iTRAQ.corrections.txt » iTRAQ correction factors that apply to a + Created when you select the Apply
particular sample or set of samples iTraq correction factors option, set up

the form, and click the Apply button

+ Created under the msdataSM directory,
in the subdirectory that contains your
raw data file(s)
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Sherenga de novo Sequencing

Table 14 lists the files created when you run Sherenga de novo sequencing.
These are all created under the msdataSM directory, in the subdirectory that
contains your raw data files. All are text files.

Table 14  Files created by MS/MS Search

Files Created Contents Notes

sherenga.#.params » Record of Sherenga de novo Sequencing

search parameters

* New file created each time you run
Sherenga de novo Sequencing. Files are
numbered sherenga.1.params,
sherenga.2.params, etc.

results_sherenga\.pkl.txt + Series of text Sherenga results files - one for + Contents of results_sherenga
each extracted spectrum processed. subdirectory are updated each time you
+ File name in format: run de novo sequencing on the same

Data_File_Name.aaaa.bbbb.c.pkl.txt, where file set.

aaaa = first merged scan

bbbb = last merged scan

c = assigned precursor charge (0 means
charge was ambiguous)

For Applied Biosystems/MDS Sciex
instruments, aaaa = (1/10 x retention
time in seconds).
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PMF Search

Table 15 lists the files created when you run PMF Searches. These are all
created in the subdirectory that contains your spectral files, which is under
the msdataSM directory. All are either text or html files.

Table 15 Files created by PMF Search

Files and Folders Created

Contents

Notes

msfit.#.params

results_msfit\*.*MIl.htm or
results_msfit\*.MIC.htm

results_msfit\*.*Ml.spo or
results_msfit\*.MIC.spo

Series of folders in the
subdirectory that contains
the data file. Folders are
listed in next column.

results_msfit\junk.#.htm

* Record of PMF Search parameters

« Series of html search results files - one for
each extracted spectrum searched
+ File name formats:
Peak_File_Name.*MI.htm
Data_File_Name.*MIl.htm
Data_File_Name.MIC.htm

+ Series of text search results files - one for
each extracted spectrum searched
+ File name formats:
Peak_File_Name.*Ml.spo
Data_File_Name.*Ml.spo
Data_File_Name.MIC.spo

+ cpick_in

+ fit_batch_in

* results_msedman
* results_msfit

* results_mstag

* results_sherenga

+ Diagnostic html file created when PMF
Search runs

* New file created each time you run

PMF Search. Files are numbered
msfit.1.params, msfit.2.params, etc.

Contents of results_msfit subdirectory
are updated each time you run PMF
Search on the same file set.

Contents of results_msfit subdirectory
are updated each time you run PMF
Search on the same file set.

» New file created each time you run

PMF Search. Files are numbered junk.1,
junk.2, etc.
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MS Edman

Table 16 lists the files created when you run MS Edman and you mark the
check box to Save hits to file. These files are created under the
results_msedman subdirectory directly under your Spectrum Mill installation.
(They are not under a data file subdirectory.)

Table 16  Files created by MS Edman

10

Files Created Contents

Notes

lastres.htm + Search results in html format
+ File name is lastres or whatever you have
chosen in the MS Edman form.

lastres.spo » Empty file
+ File name is lastres or whatever you have
chosen in the MS Edman form.

lastres.par + Search parameters in text format
+ File name is lastres or whatever you have
chosen in the MS Edman form.

lastres.res « List of accession numbers that correspond
with MS Edman search hits
+ File name is lastres or whatever you have
chosen in the MS Edman form.

+ Contents are overwritten unless you
change the file name in the MS Edman
form.

+ Contents are overwritten unless you
change the file name in the MS Edman
form.

+ Contents are overwritten unless you
change the file name in the MS Edman
form.
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Protein Databases

Protein Databases creates files in the directory where you store your sequence
databases (usually X:/seqDB, where X is the disc drive letter).

Table 17 Files created by Protein Databases

Files Created Contents Notes

*.sub » Subset database created from species + Created when you select the Create
and/or molecular weight information species subset database option and
contained in the original database click the Create button

+ File name includes sub or whatever suffix
you have chosen in the Protein Databases

form.
* lastres » Subset database created from hits saved in  + Created when you select the Create
MS Edman subset with indices from saved hits
+ File name includes lastres or whatever option and then click the Create button

extension you have chosen in the Protein
Databases form.

*.user » User database » Created when you select the Create or
+ File name includes user or whatever append user database option and then
extension you have chosen in the Protein click the Create button

Databases form.

*idx + Indexfiles + Created when you click the Create
*.unk button after you select any of these
*.mw options on the Protein Databases page:
*.pi * Create indices for new database

*.sp + Create species subset database

*sl + Create subset with indices from saved
*.usp hits

*.acc or “.acn + Create or append user database

*+ See the online help document
faman.htm for details regarding these
files.
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installing, 198
molecular weight, 202
species, 202
subset, 203
updating, 198
user-created, 199, 204
de novo sequencing, 16, 66 to 70, 109
to 118,122
default settings, 12
DEQ data
Data Extractor, 131
MS/MS Search, 133
peptide mode, 135
protein mode, 137
Protein/Peptide Summary, 134

differential expression quantitation, 19,45,

86, 129 to 141, 209
dynamic peak thresholding, 30, 38, 57

E
Easy MS/MS Search, 17
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spectra, 126 to 128

evaluating results
MS/MS Search, 91 to 93
PMF Search, 157 to 160

Excel, 45,47, 86,107, 160, 181

F

file
permissions, 210
placeholders, 210
transfer to server, 19, 147
files created
Autovalidation, 223
Data Extractor (generic data), 218
Data Extractor (MS/MS raw data), 216
Data Extractor (MS-only data), 220
MS Edman, 229
MS/MS Search, 221
PMF Search, 228
Protein Databases, 230
Protein/Peptide Summary, 223
Sherenga de novo sequencing, 227
Spectrum Summary, 223
Tool Belt, 225
filtering search results, 81 to 84
filtering spectra, 62 to 65
first-pass MS/MS data processing, 17 to
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54,62, 67,149, 150, 153
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G

global files, 211
graph theory, 109
guidelines
manual results validation, 37, 91 to 93

H

home page, 17

homology mode searches, 50 to 60
HTML link to BLAST search, 208
HTML links to search results, 208

ICAT data
Data Extractor, 131
general discussion, 129 to 141
MS/MS Search, 133
peptide mode, 135
protein mode, 137
Protein/Peptide Summary, 134
Spectrum Summary, 141
identification statistics
Build TIC, 74
keeping track, 66
summary table, 175
identity mode searches, 28 to 31
IS configuration, 210
indices, 200
installation, 211
installing databases, 198

isotope-coded affinity tag data. See ICAT
data.

isotopically labeled data, 129 to 141
iterative MS/MS search strategy, 12 to 16
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correction factors, 138 to 140, 180 to
181

Data Extractor, 131

MS/MS Search, 133

overview, 129 to 130

peptide mode, 139

protein mode, 140

Protein/Peptide Summary, 138

J

journal submission, 100

L

light/heavy isotope ratios, 129 to 141

LIMS, 45, 47, 86, 160

list details of amino acid
modifications, 178

M

MALDI-TOF-TOF

Data Extractor, 25

file transfer to server, 20
manual PMF searches, 163 to 166
manual results validation

Agilent Q-TOF, 15, 36 to 37, 83

ion trap CID data, 91 to 93
manual validation, 36 to 40, 79 to 108
manuscript for journal, 100
mass gap search, 51,57
Maximum ambiguous precursor

charge, 29, 121

mixture scoring, 155

mode

Peptide, 95

Protein - Single Peptide ID, 100

Protein Summary, 96

Protein Summary Details, 98

Protein-Peptide Comparison
Columns, 107

Protein-Peptide Distribution
Columns, 106

Protein-Protein Comparison
Columns, 101

Protein-Protein Comparison
Redundant, 103

Protein-Sample Centric Rows, 104
Protein-Sample Centric Rows
Details, 105
modifications, customizing, 207
molecular weight subset databases, 202
MS Comp, 193
MS Digest, 187
MS Edman, 189
MS Isotope, 195
MS Product, 191
MS/MS data processing
first-pass, 17 to 48
iterative search strategy, 12 to 16
optional, 49to 70
procedure summary, 14 to 16
MS/MS search
homology mode, 50 to 60
identity mode, 28 to 31
search modes, 50, 56
summary file, 172
unknown modification, 51, 57
variable modifications mode, 50 to 60
MS-only data processing
first-pass, 145to 161
optional, 162
MS-only search
automated, 155 to 156
manual, 163 to 166
Multiple Sequence Aligner, 186
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neutral loss, 38, 74
no enzyme, 16, 61, 65

0

offgel fractionation, 33, 38, 78

optional MS/MS data processing, 49 to
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optional MS-only data processing, 162

P

parameters
keeping track, 66
summary table, 173
Peak Picker, 73
peptide charge, 91, 93
Peptide mode, 95
peptide pl, 86
peptide pl filtering, 38, 84
Peptide Selector, 184
phosphorylation, 16, 30, 50, 56, 57, 74
pl, 32, 38,59,78, 84, 86
placeholders, data files, 210
PMF searches, 155 to 156
PowerPoint, 48, 161
print results, 47, 161
proprietary databases, 199, 204
Protein - Single Peptide ID mode, 100
protein and peptide utilities, 184 to 195

protein database search. See database
search.

protein grouping, 83

Protein Summary Details mode, 98

Protein Summary mode, 96

Protein/Peptide Summary, 79 to 108

Protein-Peptide Comparison Columns
mode, 107

Protein-Peptide Distribution Columns
mode, 106

Protein-Protein Comparison Columns
mode, 101

Protein-Protein Comparison Redundant
mode, 103

Protein-Sample Centric Rows Details
mode, 105

Protein-Sample Centric Rows mode, 104
proton mobility scoring, 30, 57, 121

Q

Q-TOF
Data Extractor, 22 to 25
file transfer to server, 19

manual data validation, 15, 36 to 37,
83

Manual PMF form, 147

rank1 - rank 2 scores, 37
results validation
based on score, 37
guidelines, 91 to 93
parameters, 81 to 84
reversed database scores, 29, 37, 57
review fields
PMF Summary, 157
Protein/Peptide Summary, 85
Spectrum Summary, 62
roadmap
processing MS/MS data, 13
processing MS-only data, 146

S

scripts, server administration, 210
search modes, 50, 56, 189
search previous hits, 52, 170, 203
search results
changing HTML links, 208
enabling HTML link to BLAST, 208

Select button, 22, 24, 25, 26, 29, 33, 36,

54, 62, 67, 149, 150, 153
sequence alignment, 186
sequence map, 85

sequencing - de novo, 66 to 70, 109 to
118
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Similarity merging, 24
smconfig.xml, 207
sorting search results, 81 to 84
sorting spectra, 62 to 65
species subset databases, 202
spectral validation parameters, 62 to 65
Spectrum Matcher, 71
Spectrum Mill server
accessing, 17
configuring drives, 211
maintaining performance, 210
transferring files, 19, 147
Spectrum Summary, 62 to 65
Spectrum Viewer, 87 to 90
stop process, 168
subset database, 15 to 16, 29
subset database for variable modifications
or homology search, 170, 203
summarize valid results, 43 to 48, 157 to
158, 160 to 161
summary
database, 206
identification statistics, 175
parameters used, 173
summary mode, 79, 94 to 108
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adding instrument types, 209

adding user sequences to updating databases. 198

databases, 205 user-created databases, 199, 204
changing biology/chemistry utilities

options, 209 protein and peptide, 184 to 195
changing categories of proteins, 209 Tool Belt, 167 to 179
changing cysteine modification

options, 209 Vv

changing elements, 209

changing enzyme cleavage rules, 209 valid results
changing HTML links from search print, 47,161
results, 208 summarize, 43 to 48, 157 to 158, 160
changing N- or C-terminal groups, 209 ] t_o 161
validation

changing species filter, 209

configuring server drives, 211 automatic, 31to 33, 77to 78

creating indices for databases, 200 manual, 36 to 40, 79 to 108
creating species or molecular weight spectra, 62 to 65

subset databases, 202 variable modifications or homology
creating subset databases from saved _ mode, _5_9 .

hits, 203 variable modifications search, 16, 50 to 60

creating user (proprietary)
databases, 199, 204
customizing amino acid
modifications, 207
enabling HTML link from search results
to BLAST, 208
generating database summary
report, 206
installing or updating databases, 198
maintaining server performance, 210
reinstalling Spectrum Mill
workbench, 211
server administration scripts, 210
settings for large data sets, 210

T

terminate process, 168
time-outs, connection, 210
TOF
acquiring data, 144
processing data, 145 to 162
Tool Belt utilities, 167 to 179
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