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ABSTRACT

Modern biological research has become highly interdisciplinary, requiring mass spectrometry data generation to be com-
bined with bioinformatics and data analysis skills to obtain meaningful results. However, many researchers who regularly con-
duct mass spectrometry experiments often lack practical experience in interpreting results and optimizing database searches.
This practical article describes the use of the Mascot search engine for identifying peptides and proteins in shotgun proteom-
ics. Using a local Mascot server (version 2.6.2), two datasets were analyzed: an in-house Escherichia coli tryptic lysate ob-
tained on an Impact II QTOF mass spectrometer and a publicly available histone post-translational modifications dataset from
the jJPOST repository. The workflow includes optimizing search parameters, performing the search, interpreting results, and
demonstrating the detection of post-translational modifications. The presented example of histones demonstrates the identifica-
tion of known lysine modifications (including trimethylation) detected through search. This article serves as a practical guide
for researchers wishing to improve their proteomic data analysis skills in Mascot and highlights the critical importance of se-

lecting the right parameters to obtain accurate and reproducible results.

Keywords: Mascot, shotgun proteomics, database search, data analysis, post-translational modifications, peptide identi-
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INTRODUCTION

Omics-based methods are extensively employed in ad-
vanced biology to comprehend the structure, function, and
dynamics of an organism. The genomics and transcriptom-
ics offer useful insights into possible biological functions like
gene expression, however they fail to encompass the complete
overview of dynamic variations in protein levels, modifica-
tions, and activity. Studying intracellular processes at the pro-
tein level through proteomics techniques has become a cru-
cial tool in modern molecular biology. Therefore, proteomic
analysis is important for understanding biological regulation
and disease mechanisms, because proteins directly represent
the functional output of cellular systems.

Proteomics experiments are typically driven by two funda-
mental questions: which proteins are present in a given sam-
ple, and what is the relative abundance of each? Answers to
these questions often serve as a springboard for deeper inves-
tigation into post-translational modifications, protein-protein
interactions, and three-dimensional structures, all of which
rely on the same core technological framework. The most
widely adopted strategy for addressing these initial questions
is shotgun (bottom-up) proteomics, in which proteins are en-
zymatically digested into peptides, analyzed by mass spec-
trometry, and identified by matching the generated spectra
against protein databases using search engines [1, 2].

Shotgun proteomics is a high-throughput method that is
used for large-scale protein analysis. This method emerged
in the post-genomic era after the Human Genome Project re-
vealed that DNA sequence alone is not enough to provide
sufficient information about disease mechanisms and gene
regulations. In the 1980s, Donald F. Hunt and colleagues pio-
neered tandem mass spectrometry (MS/MS) and in 1994 Eng,
McCormack and Yates introduced the SEQUEST algorithm,
which used genome-derived protein sequences to automati-
cally interpret existing tandem mass spectra. This approach
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laid the groundwork for proteogenomics, where proteomic
data completes genome annotations [3, 4].

LC-MS/MS technology has advanced significantly over
the past decade, with improvements in sensitivity, selectivity,
and protein coverage, yet the raw data it produces does not di-
rectly identify proteins [2]. Instead, it generates complex spec-
tra that represent fragmented peptide ions. Therefore, without
computational interpretation, these spectra have no biologi-
cal meaning [5].

Database search engines such as Mascot (Matrix Science)
are required to translate raw MS/MS data into confident pro-
tein and peptide identifications [6]. The choice of database
search parameters significantly impacts peptide and protein
identification outcomes in any study [7]. Inaccurate param-
eter selection, such as using default values, can result in in-
complete sequence coverage, higher false positive rates, poor
detection of post-translational modifications, and missed pep-
tide identifications, all of which can lead to biologically in-
accurate findings [8].

In spite of the widespread use of the Mascot search engine,
the detailed justification and descriptions of database search
settings are often missing from publications or contain only
a superficial description of their application [9]. The lack of
methodological transparency limits reproducibility and com-
parability of proteomics datasets. It is essential to select pa-
rameters that are appropriate for the specific sample to ensure
accurate classification of peptides [7]. This paper presents a
practical tutorial and step-by-step protocol for protein identi-
fication using the Mascot search engine. This work is intended
to help the research community who wants to increase identi-
fication certainty, transparency, and reproducibility while us-
ing database search engines.

To assist new users, we provide a brief glossary of key
Mascot and mass spectrometry terms used throughout this
practical workflow (Table 1).
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Table 1. Key terms and definitions in Mascot-based proteomics.

Term Definition

MS/MS (Tandem Mass | An analytical technique in which selected precursor ions (peptides) are fragmented and the
Spectrometry) resulting fragment ions are analyzed to determine peptide sequence.

Precursor Ion (MS1) The intact peptide ion measured before fragmentation.

Fragmented Ion (MS2) | Ions generated after breaking the precursor peptide (commonly b- and y-ions).

1}\);: tt;ge(sgﬁimm The assignment of a peptide sequence to an experimental MS/MS spectrum.

Mascot Score

A probability-based score calculated as —10 x logio(P), where P is the probability that the
observed match between the experimental spectrum and a peptide sequence in the database
occurred by chance. Higher scores indicate more significant (less random) matches.

E-value

The number of matches with equal or better scores that are expected to occur by chance alone.
The lower the expectation value, the more significant the score.

Peptide Tolerance
(Precursor Mass

A filter for candidate sequences, instructing the software to only consider database peptides
whose mass falls within this specified window (usually measured in Daltons, Da, or parts per

Tolerance) million, ppm)
MS/MS tolerance The mass window applied to the smaller pieces (fragment ions) that are generated after the
(Fragment Mass g g

Tole%ance) precursor ion is broken apart.

Missed cleavage

Number of times trypsin failed to cleave at a possible site.

Fixed modification .
cysteine).

A modification that is always present on specific amino acids (e.g., carbamidomethylation of

Variable modification

A modification that may or may not occur (e.g., methionine oxidation).

Decoy Database

Reversed or randomized protein database used to estimate the False Discovery Rate (FDR).

False Discovery Rate
(FDR)

Estimated percentage of false positive identifications among significant matches.

Spectral Library spectrum matching

Collection of experimentally observed and confidently identified MS/MS spectra used for direct

emPAI (Exponentially
Modified Protein
Abundance Index)

A label-free, relative quantitation of the proteins in a mixture based on protein coverage by the
peptide matches in a database search result.

Figure 1. Overview of the shotgun proteomics workflow. Proteins extracted from a biological sample
are enzymatically digested into peptides (Step 2) and analyzed by liquid chromatography coupled to
tandem mass spectrometry (Step 3). The resulting MS/MS spectra are then processed by Mascot (Step
4), a probability-based database search engine primarily used for peptide and protein identification.
This tutorial focuses on Step 4 - database searching and result interpretation using Mascot.

MATERIALS AND METHODS

2.1 Sample preparation

Escherichia coli DH5a cells were grown to mid-log phase,
harvested by centrifugation, and washed with PBS. Cell pel-
lets were resuspended in extraction buffer containing 4% SDS,
10 mM DTT in 100 mM Tris-HCI (pH 7.6), and sonicated on
ice. Protein concentration was determined using the Pierce
BCA Protein Assay Kit. Samples were denatured at 96°C, re-
duced, and alkylated with iodoacetamide. Proteins were pre-
cipitated using the chloroform/methanol method, resuspended

in 100 mM NH+HCO:s, and digested overnight with trypsin
ata 1:100 ratio at 37°C. After digestion, samples were vacu-
um-dried and desalted prior to LC-MS/MS analysis [10] (Fig-
ure 1).

While this workflow demonstrates identification only,
Mascot also supports relative quantification through addi-
tional tools. Mascot Distiller enables label-free quantifica-
tion as well as analysis of isotopic labeling approaches (e.g.,
SILAC, TMT). Additionally, the emPAI (exponentially mod-
ified Protein Abundance Index) method provides a simple
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semi-quantitative estimate of protein abundance based on the
number of observed peptides per protein.

2.2 Mass spectrometry data acquisition

The selection and recording of peptide ions during analy-
sis is determined by mass spectrometry data acquisition. Pep-
tide samples were analyzed by Thermo Dionex Ultimate 3000
RSLCnano System coupled via CaptiveSpray nanoBooster
ion source to an Impact II QTOF tandem mass spectrometer
(Bruker Daltonics). Peptide separation and analysis were per-
formed by liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) using an electrospray ionization
source. To detect intact peptide ions, a full-scan mass spectro-
metric acquisition was first performed, followed by data-de-
pendent acquisition, in which selected precursor ions were
automatically isolated and fragmented. This fragmentation
yielded sequence-specific ions, which were recorded as MS/
MS spectra. The obtained spectra were used for additional da-
tabase searches and peptide identification, coupled with the
matching m/z values and charge states of the precursor ions.

2.3 Raw data processing and file conversion

Mass spectrometry output files change depending on the
instrument vendor because each platform generates data in a
specific format. These raw files are then converted to search
engine-friendly forms using either vendor-specific software
or universal conversion tools like MSConvert (ProteoWizard
3.0). Common raw data formats include .d files from Bruker
and Agilent instruments. Thermo Scientific systems produce
.raw files as well as .wiff files generated by AB Sciex plat-
forms [11].

The resulting files, commonly generated in Mascot Ge-
neric Format (MGF), contain simplified spectral data suitable
for downstream database searching.

2.4 Mascot database search and parameter selection

Protein identification using Mascot (Version: 2.6.2) is ac-
complished by defining search parameters before database
analysis [6]. Search parameters are critical and should be de-
fined properly. Curated databases, such as SwissProt, are com-
monly used due to their high annotation quality. Furthermore,
providing the correct taxonomy and digestive enzyme reduces

the search space and increases identification accuracy [7] (see
Table 2).

Database searches were performed against the target pro-
tein sequence database supplemented with a reversed decoy
database. FDR was calculated by comparing each peptide se-
quence against its reversed counterpart in the decoy database,
with matches to the decoy treated as false positive identifica-
tions. Peptide-spectrum matches were filtered to 1% FDR at
the peptide level, and protein identifications were filtered to
1% FDR at the protein level.

Additionally, Mascot offers error-tolerant searching, which
repeatedly searches for unanticipated variations such non-spe-
cific cleavages, sequence variants, and unknown PTMs [26].
This feature is particularly useful when standard searching
fails to identify a significant portion of spectra. However, it
should be noted that error-tolerant searching considerably
slows down the search engine due to the greatly expanded
search space, and the increased number of false positive
matches may make confirmation challenging.

Mascot database searches were initially performed using
precursor mass tolerance (PMT) of 1.2 Da and fragment mass
tolerance (FMT) of 0.6 Da, as these values represent com-
mon default settings for many Q-TOF instruments and have
been successfully applied in previous studies [10]. To evalu-
ate the robustness of the results, additional searches were con-
ducted with tighter tolerances (PMT = 0.02 Da, FMT = 0.05
Da). As shown in Table 3, protein scores were higher with the
tighter mass tolerances, as expected due to increased match-
ing specificity. Nevertheless, the overall number of identified
proteins and protein families differed by only ~1% between
the two conditions. This high consistency demonstrates that
the wider, default tolerances provide reliable and comparable
results while remaining practical for routine analysis. Opti-
mal mass tolerance settings should always be chosen accord-
ing to the type of mass spectrometer used.

2.5 Post-translational modification analysis (PTMs,
coverage, biology)

A protein is initially synthesized as a primary amino acid
chain but can then be modified. The ribosome creates the
polypeptide chain; however, the final structure and function

Table 2. Mascot search parameters for LC-MS/MS proteomics analysis applied for processing Escherichia coli sample data

Parameter Settings Description

Database SwissProt (AA) Curated database used for peptide matching

Taxonomy Escherichia coli Target organism or group specified for database searching

Enzyme Trypsin/P Peptide digestion specificity

Fixed modifications Carbamidomethyl (C) Expected modification on all occurrences of an amino acid

Variable modifications 22:;;1(012 c(>1t\gi)n N-term) Modifications that may occur on some peptides

Missed cleavages 2 Allows incomplete enzymatic digestion

Peptide tolerance 1.2 Da Precursor ion mass accuracy

Fragment mass tolerance 0.6 Da fé[ss()/ll\/lmfotr’fa;%anglzl; rllf[);igf)ss accuracy (suitable for ion trap or low-

Decoy Yes Reversed or randomized protein sequences used to estimate false
discovery rates

False Discovery Rate Upto 1% fl"hres'hold.controlling the proportion of false-positive

(FDR) identifications
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Table 3. Mascot protein scores obtained with different precursor mass tolerance (PMT) and fragment mass tolerance (FMT)

settings using the Escherichia coli sample dataset.

Default Tolerances Tight Tolerances
Protein Accession Increase (%)
(PMT - 1.2 Da; FMT - 0.6 Da) (PMT - 0.02 Da; FMT - 0.05 Da)

RBSB_ECOLI 20495 23549 +14.9
EFTU1_ECO24 18842 22617 +30.6
TNAA_ECOBW 10532 13027 +20
MDH_ECOBW 12073 +22.2
DCEB_ECOLI 11562 +18.4

of the protein are formed later by enzymes that add or remove
chemical groups. These processes are called post-translational
modifications (PTMs). PTMs regulate protein activity, signal-
ing pathways, protein localization, stability, and disease [12,
13]. To demonstrate PTM detection capabilities of Mascot,
variable modifications were specified in the search param-
eters using a publicly available histone modification dataset
(JPST003119, jPOST repository), as described in Section 4.2.
The modifications applied were adopted directly from those
specified in the original dataset deposition: Acetyl (Protein
N-term), Acetyl (K), Methyl (K), Dimethyl (K), Trimethyl
(K), and GG (K) as variable modifications, with Carbami-
domethyl (C) as a fixed modification. These reflect the known
histone H3t PTM landscape of the original study.

Peptide Identification: Sequence Database vs. Spectral
Library Searching

Peptide identification in proteomics is commonly per-
formed using two complementary approaches: sequence da-
tabase searching and spectral library searching.

Sequence database searching compares experimental
tandem mass spectra with theoretical spectra generated from
protein sequence databases. Search engines, such as Mascot,
assign the best-matching peptide sequence as the identifica-
tion. This method is particularly useful for discovering novel
peptides predicted from genomic data, provided that relevant
post-translational modifications are correctly specified in the
search parameters.

Spectral library searching, in contrast, matches experi-
mental spectra directly against previously acquired and con-
fidently identified experimental spectra. This approach offers
higher sensitivity and better handling of complex fragmen-
tation patterns (including peak intensities and non-canonical
ions), but is limited to peptides that have been previously ob-
served and included in the library.

The advantages and limitations of both methods are sum-
marized in the literature [14—21]. In this work, we combine
both strategies within the Mascot platform. Figure 2 illustrates
the integrated workflow used in this study: starting from high-

Figure 2. Demonstration of using both Spectral Library and Fasta database for Exploration of
Escherichia coli Proteome on MASCOT Search Server.
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Figure 3. Comprehensive workflow and additional capabilities of the Mascot server platform. (A) Raw mass spectrometry
data from public repositories (e.g., PRIDE, MassIVE) or in-house experiments are converted into Mascot-compatible for-
mats (MGF) using tools such as ProteoWizard.

(B) Database search parameters are defined, including enzyme specificity, post-translational modifications, mass toler-
ances, and false discovery rate (FDR < 1%), using reference protein databases (e.g., UniProt) or spectral libraries.

(C) Peptide-spectrum matching and protein identification are performed using the Mascot search engine deployed on a lo-
cal server.

(D) Downstream analysis includes spectral visualization, peptide/protein identification, quantification, and export into stan-
dard formats (e.g., .csv, mzldentML), with optional deposition to public repositories (e.g., Panorama, iProX).

(E) The system supports multi-user access via web-based interfaces without requiring local software installation.

level search parameters, proceeding through protein family
summaries, and culminating in the detailed validation of in-
dividual peptide-spectrum matches using spectral library in-
formation. This combined approach enhances identification
confidence and sensitivity in the analysis of the Escherichia
coli proteome.

This figure presents a comprehensive overview of protein
identification through MASCOT search and subsequent spec-
tral library validation. Panel A displays the summary of the
MASCOT search results, detailing the search parameters from
the MS data file 3D_Ecoli RA2 01 2904.mgf) and two da-
tabases: Spectral library (SL) database Ecoli LC 90min and
amino acid (AA) sequence database Escherichia coli strain
K12. It also provides an overview of protein family iden-
tification, indicating 646 proteins identified. Panel B illus-
trates a representative MS/MS spectrum from the Spectral
Library Explorer for the peptide « LAATIAQLPDQIGAK»
with a charge of 2, originating from E. coli which was visual-
ized by Skyline tool (26.1.0.057). The spectrum shows frag-
ment ion peaks (e.g., y-ions and b-ions) used for peptide se-
quencing and confirmation. A total number of peptides in the
Ecoli LC 90min library is 3,894 (green frame in A panel and
zoomed inset in B panel). Panel C provides a detailed table
of peptide matches for the identified protein «Ribose import
binding protein RbsB» (Escherichia coli), showing 626 pep-
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tide matches. Note that scores are higher for matches derived
from spectral library (SL) than the fasta databases (AA).

Practical application of Mascot database

Although Mascot has a range of additional capabilities, its
primary use as a database search engine for peptide and pro-
tein identification (Figure 3). These include statistical valida-
tion via false discovery rate estimation, control over search
parameters and post-translational changes, and adjustable
database and spectrum library management inside the core
search engine. A different data processing program called
Mascot Distiller is needed for protein quantification, both la-
bel-based and label-free. Instead of being a stand-alone search
engine, Mascot Server has a server-based architecture that fa-
cilitates multi-user access and collaborative data processing.

The Database Manager allows users to maintain up-to-
date protein sequence databases such as Swiss-Prot/UniProt
and build or import spectral libraries from their own experi-
ments or publicly available data. Users have full control over
all search parameters, including the choice of proteolytic en-
zyme, precursor and fragment ion mass tolerances, and fixed
and variable modifications. For example, carbamidomethyl-
ation of cysteine is typically set as a fixed modification since
it is introduced during sample preparation. Correctly defining
these parameters is essential for reliable peptide identification
and accurate spectral matching. Label-free and isobaric quan-
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Figure 4. Annotated screenshot of Mascot server interface highlighted with key search parameters. Mascot’s
server mode allows for convenient searching, viewing results in real time, and filtering them by various criteria.

Figure 5. Adjustment of the false discovery rate (FDR) to 1% in the Mascot search parame-
ters. This threshold is commonly used to ensure reliable peptide and protein identifications.
Controlling FDR at 1% is a widely accepted standard in shotgun proteomics to minimize
false positive results while maintaining good sensitivity.

tification is supported by the integrated Mascot Distiller mod-
ule, and Mascot offers easy spectrum viewing in Peptide View
after searching. All results can be easily exported to common
formats and published in public repositories. Thus, a labora-
tory studying a rare disease or non-model organism can utilize
thousands of validated spectra from published studies world-
wide, significantly increasing the efficiency and depth of pro-
teomic analysis.

Mascot Server is designed around a client-server archi-
tecture in which authorized users submit searches and retrieve
results through a standard web browser interface.

4.1 Dataset description

To demonstrate the operation of the Mascot search engine
and the features of its server interface, we reanalyzed previ-
ously obtained LC-MS/MS data (Figure 4). A tryptic lysate of
Escherichia coli, previously analyzed in our laboratory, was
used as a test set. The dataset consisted of the file 3D_Ecoli
RA2 01 2904.mgf containing 68,504 MS/MS spectra. These
data were searched against the SwissProt database (version
2026 02, containing 575,503 sequences) restricted to Esche-
richia coli taxonomy (23,291 sequences). Search parameters
are described in Table 2. After filtering at 1% False Discov-
ery Rate (FDR) at the PSM level, the search yielded 12,080
PSMs and 521 protein groups (Figure 5).

This reanalysis allowed us to clearly demonstrate the Mas-
cot web interface in server mode, the process of setting up
search parameters, and the filtering and visualization of re-
sults.

4.2 Working with jPOST data

To demonstrate the identification of post-translational
modifications, an independent public dataset was retrieved
from the jPOST repository (JPST003119; Comprehensive
post-translational modifications in the testis-specific histone

variant H3t protein validated in tagged knock-in mice) [24].
This external dataset was used to compare search results and
demonstrate the reproducibility of the analysis on indepen-
dent data. Raw files were downloaded and converted to MGF
format using MSConvert (ProteoWizard) prior to uploading
to the local Mascot server [25].

Using publicly available data allowed us to demonstrate
the reproducibility of the analysis and the ability to work with
external datasets.

4.3 Mascot search

The search was conducted through the web interface of the
local Mascot server. The downloaded mgf files were loaded
into the program, after which the search parameters presented
in Table 2 were applied according to the experimental data
provided in the repository. The selected fixed and variable
modifications, along with other key settings, are highlighted
in Figure 6.

4.4 Demonstration of post translational modifications
identification

Mascot performs a conventional database search by
matching experimental MS/MS spectra to theoretical pep-
tide sequences extracted from the protein database. In this in-
stance, it will only take into account the chosen enzyme, the
particular modifications (phosphorylation, oxidation, etc.),
and the sequences present in the database. Mascot operates
strictly according to the parameters defined by the user. How-
ever, in reality, samples do not follow these rules, as a number
of unknown processes occur before and during sample prepa-
ration. For example, unknown post-translational modifications
(PTMs) and an amino acid substitution caused by Single Nu-
cleotide Polymorphisms (SNPs). Non-specific cleavages can
also prevent accurate identification during database searches.
For example, trypsin cleaves at lysine and arginine residues,
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Figure 6. Mascot database search and identification of histone H3.1 peptides from Mus musculus. (A) Database search
parameters used for Mascot analysis. (B) Protein identification results. The two entries belong to the same protein group
(sameset) as they share multiple peptides. (C) Peptide matches showing sequences present in both protein families and
unique peptides. (D) MS/MS spectrum of the trimethylated peptide K.QLATKAAR K (K5 +Trimethyl, Query 6145)

but sometimes peptides can be produced during incomplete
digestion and/or in the presence of other proteases. These pep-
tides do not match the specified parameters for the trypsin en-
zyme, meaning the Mascot ignores such sequences.

Mass spectrometry analysis successfully identified mul-
tiple post-translational modifications on histone H3.1. As
shown in Figure 6, several lysine methylation states were
detected, including trimethylation at lysine 5 on the peptide
K.QLATKAAR.K (Panel D). The Mascot search results re-
vealed both peptides shared between histone H3 protein fam-
ilies and unique peptides (Panel C), confirming reliable pro-
tein and peptide identification.

These results demonstrate that the overall pattern of ly-
sine methylation on histone H3.1 is consistent with modifica-
tions previously reported on canonical histone H3. This sup-
ports the finding that H3t-FLAG undergoes post-translational
modifications in a manner largely comparable to that of ca-
nonical H3.1/H3.2, although differences in the relative abun-
dance of specific marks (e.g., at K9 and K27) were observed
between H3t-FLAG and bulk H3 [24].Different areas of the
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cell undergo modifications. For instance, phosphorylation typ-
ically occurs in the cytoplasm and nucleus, while oxidative al-
terations may result from reactive oxygen species generated
during cellular metabolism. Every mutation alters the mass of
the peptide, which causes the spectra to vary during LC-MS/
MS analysis. Mascot must take these modifications into ac-
count or the peptide will not be detected in the database.

Mascot looks for peptides by comparing the database’s
theoretical peptides with the experimental spectra. Numer-
ous modification sites may be present in a single peptide, and
there may be a large number of modified versions. If there are
more modifications, the number of variants grows exponen-
tially, and Mascot must check all combinations, which conse-
quently leads to an increase in the search space, a slowdown
in the computational analysis, and increase in the random
matches [7]. Therefore, it is important to select a small num-
ber of biologically sound modifications in Mascot to prevent
the search space from expanding unnecessarily.

4.5 Mascot file formats
Comprehensive data, including MS1 and MS2 spectra, in-
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Table 4. Classification of common Mascot file formats.

Category File Format Extension Description
Plain text format
Input / Peak Mascot Generic mef containing MS/MS peak
List Files Format (MGF) me lists (m/z and intensity
values)
Input / Peak Standard HUPO-PSI
P . mzML .mzML XML format for raw or
List Files
processed mass spectra
Proprietary binary
Search Result Mascot DAT dat format containing
Files File ' complete search results
(old format)
Search Result Mascot Search SQLite relational
Files Results (MSR) .msr database format (newer,
since Mascot 3.0)
Export/
Interchange Mascot XML xml Custom XML format
with full search results
Formats
Export / Tabular text format
Interchange CSV .csV (same content as Mascot
Formats XML)
Standard HUPO-PSI
Export/ format for peptide/
Interchange mzldentML .mzid at for pephict
protein identification
Formats
results
Export/ Lightweight tab-
Interchange mzTab .mzTab delimited format for
Formats summary results
. MGF (Peak List Export of peak lists from
Export/Special Export) mef search results

Purpose / When Used

Submit spectra to Mascot for
searching. Most common input format.

Alternative to MGF (more structured
and standardized).

Native Mascot result file (used in
versions < 2.8). Still supported for
backwards compatibility.

Modern internal result storage on the
server.

Machine-readable, good for databases
or further processing.

Easy to open in Excel or import into
spreadsheets.

Community standard; best for sharing
and depositing data (e.g., PRIDE).

Simple reporting of identifications and
quantification.

Useful to re-use spectra or export for
other tools.

strumental noise, calibration data, and operating metadata, can
be found in raw output files. However, these raw instrument
files cannot be processed directly by database search engines
like Mascot. As a result, database searching requires conver-
sion to appropriate formats.

During the conversion process, relevant MS/MS spectra
are extracted, a portion of the background noise is eliminated,
and precursor ion m/z values and charge states are assigned,
creating a simplified dataset appropriate for database search-
ing later on.

Mascot uses different file formats depending on the stage
of the analysis [11] . These can be classified into three main
groups (Table 4):

Input/Peak List Files - include processed MS/MS spec-
tra (mostly MGF and mzML) that are prepared for database
searches.

Internal Search Result Files - Store the complete search
output from Mascot (DAT for older versions and MSR for
newer versions).

Export/Interchange Formats - Allow results to be ex-
ported for further analysis, visualization, or deposition in pub-
lic repositories. The most important are mzIdentML (stan-
dard), XML/CSV (Mascot-specific), and mzTab (summary
reporting).

In this study, MGF files downloaded from the jPOST re-
pository were used as input.

5. CONCLUSION

This study showed that Mascot is a practical and reli-
able tool for protein identification in shotgun proteomics. We
demonstrated that appropriate parameter selection including
enzyme specificity, mass tolerances, and modification settings
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is essential for precise and repeatable identifications by ex-
amining both in-house Escherichia coli LC-MS/MS data and
a publicly accessible histone modification dataset from the
jPOST repository.

The workflow highlighted two complementary search
strategies available in Mascot: sequence database searching,
which matches experimental spectra against theoretically pre-
dicted peptides derived from FASTA protein databases, and
spectral library searching, which compares spectra directly us-
ing both m/z values and fragment ion intensities. Spectral li-
brary searching demonstrated higher sensitivity, though it is
limited to previously observed peptides.

The successful detection of known post-translational mod-
ifications, such as trimethylation on histone H3 peptides, con-
firms that the search engine can identify biologically relevant
PTMs when appropriate parameters are used. MGF was used
as the input file format throughout, demonstrating its practi-
cality as a universal format compatible with both local instru-
ment data and publicly available datasets.

Mascot remains a reliable and accessible tool for pro-
teomics data interpretation, particularly for research groups
transitioning into mass spectrometry-based workflows. This
practical workflow aims to lower the barrier for researchers
who generate proteomics data but lack experience in database
searching, ultimately contributing to greater methodological
transparency in the field.

LIMITATIONS

This workflow was demonstrated using Mascot version
2.6.2. As newer versions of Mascot introduce updated fea-
tures and interface changes, some details described here may
differ in more recent releases. Additionally, the analysis was
limited to data-dependent acquisition (DDA) using trypsin as
the digestion enzyme, and the described workflow may not
fully apply to data-independent acquisition (DIA)-based ex-
periments or alternative enzymatic digestion strategies, both
of which are becoming increasingly common in proteomics
research [27, 28].
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ABCTPAKT

CoBpeMeHHbIe OHOIIOTHYECKUE UCCIIEOBAHNS CTATH BICOKO MEXKIUCIMILIMHAPHBIMHE, TJI¢ TeHepalus TaHHbIX Macc-
CHEKTPOMETPHUH JO0JDKHA COYETAThCsl C HABBIKAMU OMOMH(GOPMATUKY M aHAN3a NaHHBIX JIS TTOJyUYEHHUS] OCMBICICHHBIX
pe3ynbsraToB. OJJHAKO MHOTHE HCCIIEIOBATEINH, PETYISIPHO MPOBOJSIINE MAacC-CIIEKTPOMETPUIECKHE IKCIIEPUMEHTBI, YacTO
WCTIBITHIBAIOT HEJOCTATOK MPAKTUYECKUX 3HAHHUH B MHTEPIPETAIMH PE3YJIbTATOB M ONTUMH3ALNH TTOMCKa B 0a3aX JaHHbIX.
JlaHHas mpakTHUYeCcKasi CTaThsl OMMCHIBAET UCIIOJIb30BAHNE MOUCKOBOTO JBMKKAa Mascot Ui uAeHTH(UKAIMY TIENTHIIOB U
OenkoB B shotgun-mporeomuke. C TOMOIIBIO JTOKATHHOTO cepBepa Mascot (Bepcus 2.6.2) ObIIM MpoaHaTU3UpPOBAHbBI IBA
Habopa JaHHBIX: COOCTBEHHBINH TpUNITHUECKUH nu3at Escherichia coli, mony4yeHHBIH Ha Macc-ciekTpoMerpe Impact 11
QTOF, u 0011e10CTYMHBIH AaTaceT MO MOCTTPAHCIIAIHOHHBIM MOTUGHUKAIIMIM THCTOHOB 13 perosutopus JPOST. Padouwnit
MPOLIECC BKIIIOYAET ONTHMHU3ALIMIO TAPAMETPOB MOUCKA, BBITIOJIHEHUE TIOMCKA, HHTEPIIPETALUIO PE3YIIBTaTOB U IEMOHCTPAIIUIO
BBISIBJICHHSI TOCTTPAHCIIAIUOHHBIX MOAM(HUKAMA. B mpeicTaBneHHOM MpuMepe ¢ THCTOHAMU MTOKa3aHa UIIeHTH(GUKAIINS yKe
HU3BECTHBIX Monu(UKauii Tu3nHa (BKII0Yas TPUMETHINPOBaHHE), OOHAPYKEHHBIX B pe3yabTare moucka. CTaThsl CIYKUT
MPaKTHYECKUM PYKOBOJICTBOM JUIsI HCCIIEIOBATEIEH, JKENAIONUX YITyUIIUTh HABBIKM aHAIIU3a IPOTEOMHBIX JaHHBIX B Mascot,
Y OAYEPKUBACT KPUTHIECKYIO B&XKHOCTD MTPABUIILHOTO BBIOOpA MapaMeTpoB IS TIOJyYSHHUs] TOYHBIX U BOCIPOHU3BOJMMBIX
PE3yJBTaTOB.

KaioueBbie ciioBa: Mascot, shotgun-nporeoMuka, nouck B 0a3e DaHHBIX, aHAJIN3 AAHHBIX, HOCTTPAHCIISALMOHHbIE
MoAU(bHUKALNH, HICHTH(UKAINS TIENTHIO0B
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TYHUIH

Kasipri 3aMaHFbl OMONOTHSIIBIK 3€pTTEYIIep MOHAPAJIBIK CHITATKA He O0IIAbI, Oy MaHBI3AbI HOTIDKEIIEpre KO XKeTKi3y YIIiH
Macc-CIIEKTPOMETPHS IePEKTepiH Kacaynbl ONOMH(POPMATHKA KOHE JEPEKTep/i Talay JaFIbUIapbIMEH OipiKTIPyIIi Taal eTei.
JlereHMeH, Macc-CIIEKTPOMETPHSI TOKIPHOESIIEpiH YHEMI JKYPTi3eTiH KONTEreH 3epTTeyIIIepIe HOTIKENep i TYCIHAIPY jKoHe
JIEPEKKOp 1371eynepiH OHTalIaHABIPY OOMBIHIIA TPAKTHUKAIBIK TOKIpHOe xeTicreiai. by mpakTukanblK Makazaga MBUITBIK
TIPOTEOMUKACBIHIAFBI IENTHATEP MEH aKybI3ap/bl aHbIKTay YIIiH Mascot i3aey sxyliecin nananany cunarranras. JKeprimikri
Mascot cepBepiH (2.6.2 HycKachl) TaliIaJaHkbIII, eKi AepeKTep sKUBHTHIFE Tangasasl: Impact I QTOF macc-criektpomeTpinzae
aneiaFal Escherichia coli Tpunukanbik nu3arsl xkoHe jJPOST penosuropuiiiHeH jkambiFa KOJDKETIMAI THCTOHHAH KEHiHTi
TPAHCISIIUSIIBIK MOAN(UKAIKIAD ACPEKTEP KUBIHTHIFBI. JKYMBIC TIpoIeciHe i3/1ey mapaMeTpiepiH OHTaWIaHABIPY,
I37ey/Ii OpBIHIAY, HOTIKENIEPIi TYCIHAIPY JKOHE TPAHCIIHUSIAH KeHiHT1 MOA(QUKAHIAPIEl aHBIKTayIbl KOPCETY Kipesi.
I'mcTonmapapIH YCHIHBIIFAH MBICAITBI 13/1€Y apKbUIbl aHBIKTAJIFaH OeNTiii IM3uH MOAU(UKaNNUIApEIH (TPUMETIIIICHYI Koca
aiNfaHza) aHbIKTaynbl KepceTeni. by makana Mascot 6armapiraMachlHa IPOTEOMHKAIBIK AEPEKTEPAl Ty JaFIbUIapbIH
KETUTIIPTici KeJIETiH 3epTTEYIIIep YIIiH MPaKTUKAIBIK HYCKAYIIbIK PETiHE KBI3MET eTelll JKOHE JOJ KOHE KaliTalaHaThIH
HOTWKENEepre KOJ XKeTKi3y YIIiH IyphIC TapaMeTpiIep i TaHIayAblH MaHbI3AbUIBIFBIH aTal KepceTe.

Kiarri ce3aep: Mascot, shotgun-mporeomuka, repexrep 6a3zacel OOHBIHINA 131y, AEPEKTEPAl TANAAY, TOCTTPAHCIISIHSIIBIK
MoaudUKanusIap, MIENTUATEPII HACHTH(PHUKAIUIIAY
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