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Abstract

Rationale: Proteomic studies typically involve use of different types of softwares for annotating experimental tandem mass

spectrometric data (MS/MS) and thereby simplify the process of peptide and protein identification. For such annotations,

these softwares calculate the m/z values of the peptide/protein precursor and fragment ions, for which a database of protein

sequences must be provided as input file. The calculated m/z values are stored as another database, which the user usually

cannot view. ‘Database Creator for Protein/Peptide Mass Analysis’ (DC-PPMA) is a novel standalone software that can create

custom databases and the user can view the custom database containing the calculated m/z values of precursor and fragment

ions. Methods: Python language was used for implementation and the graphical user interface was built with Page/Tcl, making

this tool more user-friendly and easier to analyze. DC-PPMA is freely available at https://vit.ac.in/PPMA/. Results: DC-

PPMA contains three modules. Protein/peptide sequences as per user’s choice can be entered as input to the first module for

creating custom database. In the second module, m/z values must be queried-in, which are searched within the custom database

to identify protein/peptide sequences. The third module is suited for peptide mass fingerprinting, for which data arising from

both ESI and MALDI MS can be utilized. Conclusions: Mass spectral data acquired from any proteomic approach: bottom-

up, middle-down and top-down can be interrogated with DC-PPMA. A major facet of DC-PPMA is that the user can ‘view’

the custom database containing the m/z values of the precursor ions (e.g., proteolytic peptides) and the respective fragment

ions (e.g., b & y ions), prior to the database search. The feature of ‘viewing’ the custom database cannot only be helpful

for better understanding the search engine processes; but also, for ‘designing multiple reaction monitoring (MRM) methods’.

Post-translational modifications and protein isoforms too can be analyzed.

Introduction

Mass spectrometry (MS) is an indispensable tool in proteomics. Due to the high-throughput nature, loads
of mass spectral data are generated in any typical proteomics experiment. Therefore, manual interpretation
of mass spectral data becomes time-consuming and cumbersome. Consequently, several softwares, including
web applications, standalone tools using various algorithms were developed with the key purpose to annotate
the mass spectrometric data, thereby simplifying the efforts devoted to data analysis and interpretation
[1-12]. Thus far, many software programs have been developed and widely used for the well-established
Bottom-up Proteomic (BUP) approach [13, 14]. Similarly, softwares have also been developed for the Top-
down proteomics (TDP) (https://www.topdownproteomics.org/ resources/software/). For the approaches
involved in middle-down proteomics (MDP), only a few softwares such as YADA, XDIA, isoScale, and
Histone coder (https://middle-down.github.io/Software/) are available especially for histone and antibody
characterization [15-17]. In all these available softwares, protein sequence database is imperative, which
must be entered as an input for identifying proteins. The protein sequences in a database are then used
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to calculate the m/z values of precursor ions and peptide fragment ions. These calculated m/zvalues are
actually saved or stored in the form of another database, which is subsequently used to annotate the spectra
resulting from tandem mass spectrometry (MS/MS) and eventually leading to identify proteolytic peptides
and/or proteins. Therefore, at the end of the database search process, the user views only the ‘matched
hits’ in the output, viz., the agreement between the experimental MS/MS spectra and the relevant database
entries. This is the typical way of functioning of several proteomic softwares for protein identification. In
all these cases, the user cannot view the database containing the m/z values of precursor ions and fragment
ions, prior to database search. In other words, the user is aware of the protein sequence database that he/she
enters as an input file, whereas the user cannot ‘view’ and hence, is oblivious of the database comprising
m/z values of the precursor ions and the fragment ions that has been generated using the protein sequences,
before the database search process. Thus, the user does not know, what is happening with the ‘sequence
database’ that he/she uploads in the search engine.

And, since it is important that the choice of ‘optimal database’ is critical for more reliable protein identi-
fication from MS/MS [18], we decided to develop a new standalone software tool called ‘Database Creator
for Protein/Peptide Mass Analysis, (DC-PPMA)’, wherein the user can ‘view’ the database containing the
calculated m/z values of precursor ions and fragment ions, before the process of database search . So, the
user is aware of the ‘custom’ database of m/z values of precursor and fragment ions that he/she will be using
subsequently for MS/MS based search and for further analysis.

In DC-PPMA, the ‘database’ can be created and tailored according to the proteomic approach that a user
follows. Further, DC-PPMA can be used for analysing PTMs, isoforms and also user-defined (custom/new)
modifications of targeted peptides/proteins. Furthermore, DC-PPMA is suited for analysing sequences of
intact peptides, e.g., natural product polypeptides or synthetic peptides, whose sequences can be entered
in an input file. With respect to MD proteomic analysis, two features have been included in DC-PPMA:
(i) specialized enzymes used for the MDP are given in the python dictionary and (ii) ‘mass range’ filter
is provided for creating databases containing longer proteolytic/truncated peptides. Additionally, TDP
analysis can be performed in DC-PPMA by creating database containing multiply charged ions of intact
protein sequences, for which no protease need to be selected. So, DC-PPMA is applicable for any proteomic
approach, be it MDP, BUP or TDP. Thus, altogether DC-PPMA can be utilized for the identification and
characterization of sequences: (i) derived from transcriptomic data, (ii) targeted proteins of user’s interest,
(iii) peptide(s) of any length and (iv) custom modified peptides/proteins. So, it can be used not only for
mass spectral data analysis for proteomics but also for peptidomics. The detailed workflow of DC-PPMA
containing three modules is shown in (Figure 1 )

Method

DC-PPMA was developed by python code and the graphical user interface (GUI) was built using page/Tcl.

Results

Software Description

The homepage showing the layout of DC-PPMA containing three modules (pipelines) is shown in (Figure
2 ). In ‘Creation of Custom-Database’ (Module 1) the protein sequences of interest can be given in a text
(.txt) file which is editable. The customized database will be generated as an output and saved as an excel
file. Specifically, the protein/peptide sequence database (or list of protein/peptide sequences) that is entered
as input into Module 1 is converted into another database containing the m/z values of precursor ions and/or
fragment ions. The role of Module 2, ‘Custom Database Search’ is to identify the peptide/protein hits for
the queried m/z values within the database created by the Module 1. Therefore, Module 1 and Module
2 are interconnected to perform peptide search. Therefore, Modules 1 and 2 should be used together for
MS/MS based search and MS/MS data analysis. The Module 3 functions independently for peptide mass
fingerprinting (PMF), whereby ‘proteolytic peptide mass search’ will be performed for m/z values against
the protein sequence (fasta file) of a particular biological species. Usually PMF is done using MALDI
mass spectrometric data that would typically contain m/zvalues of singly protonated molecular ions of

2
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proteolytic peptides. However, the Module 3 of DC-PPMA can handle even the conventional ESI mass
spectrometric data, which would typically contain m/z values corresponding to multiply protonated ionic
species of proteolytic peptides (depending on the length, amino acid composition and sequence). Therefore,
the output from Module 3 can be useful to expedite the analysis of ESI-MS based PMF also, in addition to
the MALDI-MS based PMF.

In DC-PPMA, the algorithm of peptide search for MS and MS/MS has been designed in such a way that
the both the m/z values as well as their respective charge state that are queried in ‘Module 2’ should match
with the values in the custom database that is obtained as output of Module 1. For MS database search,
minimum of four queried m/zvalues should match with the MS database created by the Module 1. In order to
perform MS/MS search, minimum of six queried m/z values have to match with a single (proteolytic) peptide
corresponding to a protein in the custom MS/MS database that is created from the Module 1. Therefore,
peptide search can be done for both MS and MS/MS data, in order to interpret the experimentally observed
m/z values both manually as well as by using the Module 2. The observed m/zvalues and their respective
charge states (either from MS or from MS/MS) can be given as input in the form of .txt file. Additionally,
error width options are provided, which needs to be appropriately chosen, depending on the mass resolution
of the spectrometer used for data acquisitions. The error width option also can be useful to decrease the
false positives in the output.

The performance of DC-PPMA was examined using randomly chosen 25 model protein sequences. Among
them experimental mass spectral data of eight model proteins under two different conditions: (i) stan-
dard trypsin digestion and (ii) trypsin digestion after arginine modification by two different reagents: 1,2-
cyclohexanedione (CHD) and phenylglyoxal, were considered. Firstly, in the Module 1, the selected 25
protein sequences were entered as input in the form of a .txt file. Trypsin was chosen as the protease (en-
zyme) and carbamidomethylation was chosen in the modification tab of Module 1 window. For these input
parameters, MS and MS/MS databases were created and saved as excel files (Figure 3 ). Subsequently,
the observed m/z values from the experiments done on Agilent 6545 LC-MS Q-ToF were queried in the
Modules 2 and 3. All the matched tryptic peptides are shown in the excel file output, which was verified
by manual interpretation (Figure 4 ). Similarly, the custom modification option was tested by manually
entering the molecular mass of CHD (112 Da) available in the Module 1 window (Figure 5 ), which is known
to specifically modify arginine residues in proteins [19-21] and the respective custom databases for both MS
and MS/MS were created. Those CHD modified peptides that matched with queried m/z values are shown
in the output, which have also been confirmed manually. This proves the utility of DC-PPMA for targeted
MS-based studies on proteins.

Highlights of DC-PPMA

(i) A major facet of DC-PPMA is that the user can‘view’ the database (in the form of an excel file) that
they will be using further for MS/MS based search or data analysis, viz., prior to database search, the
user can know, what are the m/zvalues of precursor ions (of proteolytic/truncated peptide sequences) and
what are the m/z values of fragment ions that will be involved in the search engine process. To the best
of our knowledge, this particular facet is not available in any proprietary or online tool that are utilized
for proteomic or peptidomic investigations. By viewing/knowing the database containing m/z values of
precursor ions and fragment ions, it is possible to know better about ‘true negatives and false positives’ and
the user obtains a better understanding about the process of matching between the experimental MS/MS
data and the theoretically calculated values present in the database. Therefore, if DC-PPMA is used to
construct appropriate ‘decoy database’ by choosing suitable protein sequences, then he/she can obtain better
comprehension about false discovery rate (FDR). Thus, viewing and analysis of decoy and target databases
can be very helpful in more reliable annotation of MS/MS spectra towards proper protein identification.

(ii) Another notable feature of DC-PPMA is that the Module 1 calculates the m/z values for ‘singly as
well as multiply charged (protonated)’ precursor ions (viz., proteolytic peptides) and also calculates the
m/z values for ‘singly and multiply charged fragment ions: a-, b-, c-, x-, y- and z- ions’. Consequently,
in the ‘custom’ MS/MS database (created from Module 1), the m/z values of each fragment ion (e.g., b,

3
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y, c, z ions) and their respective ‘charge state’ are generated and shown in the excel sheets, which can be
anticipated from MALDI and ESI MS/MS experiments. Therefore, DC-PPMA can be useful for ‘manual
spectral annotations and interpretations’ for proteomic researchers and/or protein/peptide chemists, who
use both ESI and MALDI MS/MS.

(iii) Additionally, DC-PPMA can be of immense utility for ‘targeted analyses’, particularly for multiple
reaction monitoring (MRM ) based experiments, wherein it is essential to‘design suitable channels’ that
should encompass the m/zvalues of precursor and pertinent fragment ions. In this context, the output from
Module 1 can be used for ‘designing MRM method’ , because the custom database built by Module 1
would consist ofm/z values of singly as well as multiply protonated precursor and relevant fragment ions.
Thus, DC-PPMA can be helpful for quantitative studies also.

(iv) Furthermore, peptide sequences, either single or multiple sequences can be uploaded in DC-PPMA. This
particular feature can be useful for peptidomic investigations and also for de novosequencing exercises or
assignments. Consequently, DC-PPMA can indeed prove to be worth for de novo sequencing of polypeptides
and proteins as well. Additionally, it can be used for discovery based proteomic/peptidomic analysis also,
if/when the transcriptome and/or the genome of their sample is also known.

(v) In addition, the custom databases generated by DC-PPMA can also be utilized further for planning
about probability-based scoring algorithms or scoring schemes, so as to identify more peptides and proteins
in a reliable fashion.

Conclusions

Due to continuous advancements in computational methods, the software and databases used for proteomics
are also rapidly evolving. The significance of optimal database for protein identification by MS/MS has
been lucidly delineated by Kumar et al. 2017 [18]. Even to devise optimal scoring algorithm for better
peptide/protein identification from the data of MS/MS, firstly it is imperative to construct a good database.
Consequently, the need to build custom database has become inevitable. The custom databases can be built:
(i) according to the individual researcher’s specific project and objectives; (ii) for in-house requirements and
(iii) to expedite the data analysis and interpretations. These are only a few reasons/purposes (among many),
as to, why custom databases are essential for proteomics. Therefore, our objective was to make a standalone
computational tool that can ease the process of creating custom database, which can simplify the analysis
of MS/MS data of proteome/protein/peptidome. The custom database built with DC-PPMA enables the
user to know, what are the ‘m/z values’ that are involved in the MS and MS/MS database search process,
for a given ‘protein/peptide sequence database’.

Though some or all of the aforementioned features of DC-PPMA are available in several proprietary software
tools that comes along with mass spectrometer, such proprietary tools are either not accessible to everyone
or would have limited access. Further, there are online tools which also have the same or very similar
functionalities as that of DC-PPMA. However, to the best of our knowledge, we believe that DC-PPMA
is unique in that it is a standalone tool, which is freely downloadable. So, DC-PPMA is accessible to
everyone. Furthermore, using a particular custom database created by DC-PPMA, both MALDI MS/MS
and ESI MS/MS data can be analysed, irrespective of the manufacturer. Another important aspect is that
DC-PPMA can be successfully applied for any of the three proteomic approaches, viz., bottom-up, middle-
down and top-down. Thus, it can be helpful for both academicians and industrial researchers, particularly
for biotechnology industries involved in protein/proteomic/peptidomic investigations. Academicians can
consider DC-PPMA as a tool to teach novices and students.
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FIGURES

Figure 1. Pipeline for DC- PPMA (Schematic Illustration)
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Figure 2. Screenshot of DC-PPMA’s homepage. Window for each module can be opened by

clicking the respective button given in the homepage.

(a)

(b)
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Figure 3. Screenshots of excel files obtained as outputs from Module 1: (a) MS database and

(b) MS/MS database.

(a)

(b)

Figure 4. Screenshots of excel files obtained as outputs from Module 2 showing matched hits

from the list of protein sequences entered as input: (a) MS based peptide hits;

(b) MS/MS based peptide hits
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Figure 5. Screenshot of GUI of Module 1: Incorporation of new modification, i.e.,

CHD modification of Arginine (R) residues is highlighted.
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