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Chapter 2

Proteomic Data Storage and Sharing

Shivakumar Keerthikumar and Suresh Mathivanan

Abstract

With the advent of high-throughput genomic and proteomic techniques, there is a massive amount of 
multidimensional data being generated and has increased several orders of magnitude. But the amount of 
data that is cataloged in the central repositories and shared publicly with the scientific community does not 
correlate the same rate at which the data is generated. Here, in this chapter, we discuss various proteomics 
data repositories that are freely accessible to the researchers for further downstream meta-analysis.
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1  Introduction

The applications of mass spectrometry in identification and 
quantification of proteins in complex biological samples is rapidly 
evolving [1–3]. Recent technical advances in mass spectrometer to 
measure the abundance of proteins have further increased the 
amount of multidimensional data being generated [4]. As a result, 
significant interests have been created to characterize the proteome 
of many cell types and subcellular organelles [5–9]. There are three 
different layers of proteomic data that is generated using mass 
spectrometry-based techniques: raw data, peptide/protein data 
(also known as “result” or “peak list”) and metadata. Raw data is 
basically a binary format file which most of the proteomic tools like 
MSConvert (http://proteowizard.sourceforge.net/tools.shtml) 
converts further into human readable formats such as mgf, XML, 
pkl, and txt files. Metadata contains experimental details, type of 
instruments, modifications and search engines/tools used [10]. In 
order to disseminate these different types of data to the scientific 
community, researchers have constantly thrived to develop central 
repository to store and share these humongous data [11–13].

http://proteowizard.sourceforge.net/tools.shtml
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Here, we focus on publicly available free centralized resources 
that disseminate all kinds of proteomics data and tools which fur-
ther aid in downstream analysis to gain new biological insights that 
benefit the scientific community.

2  Online Proteomics Community Resources

Currently, there are wide varieties of online resources (Table  1) 
that host different types of proteomics data at different level and 
software tools to further mine these data. The most commonly and 
widely used proteomic resources are discussed here.

The PRIDE database is most widely used centralized, publicly 
available proteomic repository which stores and manages all three 
different levels of proteomic data such as raw data, peak list file  
and metadata. The PRIDE database established at European 
Bioinformatics Institute, UK has a Web-based, user-friendly query 
and data submission system as well as documented application 
programming interface besides local installation [14]. Recently, 
the new PRIDE archival system (http://www.ebi.ac.uk/pride/
archive/) has replaced the PRIDE database. The PRIDE archive 
system supports community recommended Proteomic Standard 
Initiative (PSI) data formats and is an active founding member of 
ProteomeXchange (PX) consortium (http://www.proteomicex-
change.org/). The main concept behind such consortium is to 
standardize the mass spectrometry proteomics data and automate 
the sharing of these data between the repositories to benefit the 
end users [15].

The PRIDE archive system also stores many software tools 
such as PRIDE Inspector, PRIDE converter and PX submission 
tool to further streamline the data submission process and its visu-
alization to aid scientific community. All these software tools 
including Web modules are developed in JAVA and are open source 
(https://code.google.com/archive/p/ebi-pride/). Besides fund-
ing agencies, many scientific journals such as Nature Biotechnology, 
Proteomics, Molecular and Cellular Proteomics and Journal of 
Proteome Research mandates submission of raw data and associated 
metadata to proteomics repository to support their publication 
which further elevated the public deposition of proteomics data. 
As a result, The PRIDE archive currently contains ~140 TBs size 
of data which constitutes 690 M spectra, 298 M and 66 M peptide 
and protein identification, respectively, spanning more than 500 
different taxonomical identifiers.

The PeptideAtlas (http://www.peptideatlas.org/) database is 
another freely available mass spectrometry derived proteomic data 
repository developed at Institute of Systems Biology, Seattle, USA. 

2.1  PRoteomics 
IDEntifications  
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The PeptideAtlas accepts only spectra files either in the form of 
RAW, mzML or mzXML format and limited metadata. Once sub-
mitted, the raw spectra files are processed using standardized data 
processing pipeline known as Trans Proteomics Pipeline (TPP) [16] 
and stored in the SBEAMS (Systems Biology Experiment Analysis 
Management System)-Proteomics module. Further, peptides iden-
tified with high score are mapped to their respective genome 
sequence representing species/sample specific build [17, 18]. 
Currently, the PeptideAtlas has 19 organism specific build which 
includes many model organisms such as human, yeast, worms, 

Table 1 
Overview of online proteomics resources

Database Types of data stored Link

PRIDE Accepts Raw data, processed data and 
meta data

http://www.ebi.ac.uk/pride/archive/

Peptide Atlas Accepts only Raw data and limited 
meta data

http://www.peptideatlas.org/

CPTAC Allows download and dissemination of 
raw data, processed data and meta 
data relevant to cancer biospecimens 
collated through Proteomic 
Characterization centers (PCCs)

http://proteomics.cancer.gov/

Colorectal 
Cancer Atlas

Stores processed protein and peptide 
data after automatically analyzing the 
publicly available raw data from the 
proteomic repositories

http://www.colonatlas.org/

GPMDB Stores processed protein and peptide 
data after automatically analyzing the 
publicly available raw data from the 
proteomic repositories. Supports 
data analysis

http://www.thegpm.org/

ProteomicsDB Accepts Raw data, processed data and 
meta data. Allows download of raw 
data, processed protein and peptide 
data.

http://www.proteomicsdb.org/

Human 
Proteome Map

Allows download of processed protein 
and peptide data.

http://www.humanproteomemap.org/

Human 
Proteinpedia

Accepts processed and meta data. http://www.humanproteinpedia.org/

Human Protein 
Atlas

Allows download of protein and RNA 
expression in normal and tumor 
tissues and cell types

http://www.proteinatlas.org/

Represents list of publicly available online proteomics resources and repositories discussed in this chapter
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mouse, fly, rat, horse, and zebrafish, for important sample groups 
such as plasma, brain, liver, lung, colon cancer, heart, kidney, and 
urine.

The PeptideAtlas, similar to the PRIDE archive system, is one 
of the founding members of PX consortium that implemented 
standardization of the mass spectrometry-based proteomics data 
and automate the sharing of proteomic data across different repos-
itories. Another important feature of the PeptideAtlas is investiga-
tion of proteotypic peptides which are defined as peptides that can 
uniquely and unambiguously identify specific protein. Currently, 
users can search proteotypic peptides from three different organ-
isms such as human, mouse, and yeast. Identification of such high 
scoring peptides would further serve as most possible targets  
for Selected Reaction Monitoring (SRM) approach [19]. The 
PeptideAtlas SRM Experiment Library (PASSEL) is a component 
of the PeptideAtlas project that is designed to enable submission, 
dissemination, and reuse of SRM experimental results from analy-
sis of biological samples. The raw data submitted via PASSEL are 
automatically processed and stored into the database which can be 
further downloaded or accessed via web interface [20].

Further, the distinct peptides and its associated proteins identi-
fied from the user submitted raw data files using TPP tool can be 
further depicted graphically in Cytoscape [21] plugin implemented 
in the PeptideAtlas. Overall, the PeptideAtlas depicts the normal-
ized outlook of the user submitted data which further aid in 
genome annotation of different organisms using mass spectrome-
try derived proteomic data.

The CPTAC data portal (http://proteomics.cancer.gov/) 
launched in August 2011 by National Cancer Institute (NCI) is a 
freely available, centralized public proteomic data repository col-
lected by proteomic characterization centers for the CPTAC frame-
work. The proteomic characterization center constitutes of  
five teams namely Broad Institute of MIT and Harvard/Fred 
Hutchinson Cancer Research Center, Johns Hopkins University, 
Pacific Northwest National Laboratory, Vanderbilt University, and 
Washington University/University of North Carolina. The pro-
teome characterization center implements proteomics candidate 
developmental pipeline for further protein identification and its 
verification to serve as high value targets for clinically useful diag-
nostics. In addition, proteomic data from The Cancer Genome 
Atlas (TCGA) data portal (http://cancergenome.nih.gov/), 
xenograft models and other tissue datasets of well-characterized 
genome using standardized Common Data Analysis Pipeline are 
analyzed to increase the significance of the results. The CPTAC 
data portal hosts mass spectrometry data of cancer biospecimens 
such as breast, colorectal, and ovarian cancer as well as global 
profiling of post-translational modifications of tumor tissues and 

2.3  CPTAC (Clinical 
Proteomic Tumor 
Analysis 
Consortium) Portal
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cancer cell lines which accounts to more than 6  TB data. The 
CPTAC data portal also hosts data from the Clinical Proteomic 
Technologies for Cancer Initiative from 2006 to 2011, which was 
mainly developed to address the pre-analytical and analytical vari-
ability issues that are major barriers in the field of proteomics. The 
major outcome of this program was the launch of the CPTAC data 
portal to understand the molecular basis of cancer using proteomic 
technology [22, 23].

Colorectal Cancer Atlas (http://www.colonatlas.org/) is web-
based resource developed by integrating genomic and proteomic 
annotations identified precisely in colorectal cancer tissues and cell 
lines. It integrates heterogeneous data freely available in the public 
repositories, published articles [24] and in-house experimental 
data pertaining to quantitative and qualitative protein expression 
data obtained from variety of techniques such as mass spectrome-
try, western blotting, immunohistochemistry, confocal microscopy, 
immunoelectron microscopy, and fluorescence-activated cell sort-
ing. Colorectal Cancer Atlas collates raw proteomic mass spec-
trometry and other proteomic experimental data specifically from 
colorectal cancer tissues and cell lines is processed using in-house 
pipeline. The proteins/peptides identified after <5 % FDR cutoff is 
stored in the backend database. Besides, mutation data largely 
obtained by large and small sequencing methods are also incorpo-
rated into the Colorectal Cancer Atlas database [13].

Currently, Colorectal Cancer Atlas hosts >62,000 protein 
identifications, >8.3 million MS/MS spectra, >13,000 colorectal 
cancer tissues and >209 cell lines. Further, Colorectal Cancer Atlas 
facilitate users to visualize these proteins identified in context of 
signaling pathways, protein–protein interactions, gene ontology 
terms, protein domains, and posttranslational modifications. Users 
can download the entire colorectal cancer data in tab-delimited 
format using the download page at http://colonatlas.org/
download/.

The Global Proteome Machine Database (http://www.thegpm.
org/) is another open source mass spectrometry based proteomic 
repository, publicly available for the scientific community.  
The GPMDB periodically checks all the public proteomic 
repositories, downloads and reanalyzes the proteomic data using 
X! Tandem search engine. Besides, the users can also use spectral 
search engine called X! Hunter (http://xhunter.thegpm.org/) 
and proteotypic profiler called X! P3 (http://p3.thegpm.org/) 
[25] to analyze their data. The resultant peptide and protein lists 
after passing through the stringent automated quality test are 
stored into the backend database along with relevant metadata. 
Further, the results can be either viewed in the GPM website or 
downloaded through ftp or other interfaces. Besides, the users can 

2.4  Colorectal 
Cancer Atlas
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also submit their spectra files in different formats such as mgf, 
mzXML, pkl, mzData, dta, and common (for only big and com-
pressed files) to GPM via ‘Search Data’ option available in the 
website. The most frequently checked public repositories for the 
suitable new proteomic data for reanalysis includes Proteome 
Xchange/PRIDE, PeptideAtlas/PASSEL, MassIVE (http://
www.massive.ucsd.edu/), Proteomics DB, The Chorus Project 
(http://chorusproject.org/), and iProX (http://www.iprox.org/).

Recently, at the time of writing this chapter, the GPMDB 
released an updated version of the GPM Personal Edition-Fury 
to replace the old venerable Cyclone version and upgraded to the 
latest version of X! Tandem (Version 2015.12.15, Vengeance) 
which features speedy assignment of PTMs. In addition, the 
human and mouse protein identification information in GPMDB 
has been summarized into a collection of spreadsheets known as 
GPMDB Guide to Human Proteome (GHP) and GPMDB Guide 
to Mouse Proteome (GMP), respectively. This guide contains 
information organized into separate spreadsheets for each chro-
mosome as well as mitochondrial DNA and made available for 
download at ftp://ftp.thegpm.org/projects/annotation/human_
protein_guide/ and ftp://ftp.thegpm.org/projects/annotation/
proteome_protein_guide/.

ProteomicsDB (http://www.proteomicsdb.org/) is a human cen-
tric proteomic data repository developed jointly by Technical 
University Munich (TUM) and company SAP SE (Walldorf, 
Germany) and SAP Innovation Center and Cellzome GmbH (GSK 
Company). ProteomicsDB, an in-memory database, configured 
with 2 TB of random access memory (RAM) and 160 central pro-
cessor units (CPU), designed for real-time analysis of big pro-
teomic data. ProteomicsDB assembles raw proteomic data files 
from public repositories such as PRIDE, PeptideAtlas, MassIVE, 
ProteomeXchange, and many other individual laboratories as well 
as from in-house experiments and reprocess the files using 
MaxQuant [26] and MASCOT [27] software packages. The pro-
teins and peptides identified after passing through quality control 
steps including FDR filters are deposited into ProteomicsDB.

ProteomicsDB came into the limelight in 2014 with the release 
of draft human proteome map assembled using mass spectrometry 
experiments on human tissues, cell lines, body fluids as well as data 
from PTM studies and affinity purifications [3]. Currently, at the 
time of writing, ProteomicsDB contains protein evidence for 
15,721 of the 19,629 protein coding genes which constitutes 80 % 
coverage of human proteome. ProteomicsDB has a Web-based 
user-friendly interface through which users can search and down-
load details of particular protein and peptide sequence via ‘browse 
by proteins’ and ‘browse by chromosomes’ options. Besides, users 
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can submit their raw mass spectrometry data files, peak list files and 
metadata associated with it only after creating a user account in the 
ProteomicsDB. The secure URL link generated. At the time of 
writing, there were more than 569 registered users, 76 projects 
and more than 400 experiments accounting to 7  TB of data in 
ProteomicsDB.

The Human Proteome Map (HPM) (http://www.humanpro-
teomemap.org/) was developed to represent the draft study of 
human proteome map. The HPM database hosts high-resolution 
mass spectrometry proteomic data representing 17 adult tissues, 
six primary hematopoietic cells, and seven fetal tissues resulting in 
>84 % human proteome coverage. The mass spectrometry data was 
searched against Human RefSeq database (version 50 with com-
mon contaminants) using SEQUEST (http://fields.scripps.edu/
sequest/) and MASCOT [27] search engines through Proteome 
Discoverer 1.3 platform (Thermo Scientific, Bremen, Germany). 
The peptides and proteins identified were represented as normal-
ized spectral counts and for each peptide the high resolution MS/
MS spectrum for the best scoring peptides can be visualized using 
Lorikeet JQuery plugin (http://uwpr.github.io/Lorikeet/). The 
results of the proteins and peptides can be queried and downloaded 
in the standard formats, but the databases currently do not support 
the submission of any new proteomic data [2].

Human Proteinpedia (http://humanproteinpedia.org/) [28, 29] 
was developed in 2008 [2] to facilitate the sharing and integration 
of human proteomic data. Besides, it allows scientific community 
to contribute and maintain protein annotations using protein dis-
tributed annotation system also known as PDAS. Further, protein 
annotations submitted by the users are mapped to individual pro-
teins and made available using Human Protein Reference database 
(HPRD: http://www.hprd.org/) [30]. This allows the user to 
visualize experimentally validated protein–protein interaction net-
works, protein expressions in cell lines/tissues, post-translational 
modifications and subcellular localizations besides mass spectrom-
etry derived peptides/proteins and spectral details.

Human Proteinpedia enables users to query at gene/protein 
level, by types of tissue expressions, posttranslational modifica-
tions, subcellular localizations, different mass spectrometer types, 
and experimental platforms. Using PDAS, the users are allowed to 
upload only processed data (peak list files) and meta-data contain-
ing experimental details into the back-end database either using 
normal or batch (for high-throughput data) upload system. The 
entire Human Proteinpedia data can be further downloaded freely 
by the scientific community at http://www.humanproteinpedia.
org/download/ [31].

2.7  Human Proteome 
Map (HPM)

2.8  Human 
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Currently, more than 240 different laboratories around the world 
has contributed proteomic data into Human Proteinpedia database 
which resulted in >4.8 M MS/MS spectra, >1.9 M peptide identi
fications, >150,000 protein expressions, >17,000 posttranslational 
modifications, >34,000 protein–protein interactions, and >2900 
subcellular localizations from >2700 proteomic experiments.

The Human Protein Atlas (HPA: http://www.proteinatlas.org/) 
hosts expression and localization of majority of human protein 
coding genes based on both RNA and protein data. It was devel-
oped in 2005 as a large scale effort to quest where the proteins 
encoded by the human protein coding genes are expressed in the 
different tissues and cell types. Unlike other proteomic resources 
mainly depends on mass spectrometry based protein identifica-
tions, the HPA largely uses antibody based proteomics and tran-
scriptomics profiling methods to locate and identify proteins in 
tissues and cell types. The transcriptomic data quantifies gene 
expression levels on different tissues and cell types while antibody 
based protein profiling methods characterize spatial cellular distri-
bution for the corresponding proteins at different substructures 
and cell types of the tissues [32].

At the time of writing this chapter, the Human Protein Atlas 
version 14 known to contain RNA data for 99 % and protein data 
for 86 % of the predictive human genes and includes >11 million 
images with primary data from immunohistochemistry and immu-
nofluorescence. The HPA contains >37,000 validate antibodies 
corresponding to 17,000 human protein coding genes collated 
from 46 human cell lines and tissue samples from 360 people (44 
normal tissue types from 144 people and the 20 most common 
types of cancer from 216 people) [33].

Recently, tissue-based map of the human proteome data ana-
lyzed from 32 tissues and 47 cell lines using integrated OMICS 
approach is included in the Human Protein Atlas to further explore 
the expression pattern across the human body. In addition, global 
analysis of secreted and membrane proteins (secretome and mem-
brane proteome), as well as an analysis of expression profiles for all 
proteins targeted by pharmaceutical drugs (druggable proteome) 
and protein implicated in cancer (cancer proteome) is integrated 
into the Human Protein Atlas [9].

3  Discussion

The amount of proteomics data being shared among the scientific 
community is still not well organized when compared to the 
humongous data that is being generated due to advancement in 
the proteomics field. The main reason for this can be attributed to 
the limited funding available for the maintenance of the database 
server, manpower, and other infrastructure. As a result, few of the 

2.9  Human 
Protein Atlas
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efficient repositories such as NCBI Peptidome [34, 35] and 
Tranche [10] are completely discontinued largely due to funding 
constraints. In order to sustain and serve the growing scientific 
community database like the CHORUS (https://chorusproject.
org/), a cloud based platform for storage, analysis and sharing of 
mass spectrometry data is charging users with certain amount of 
fees based on type of services required. We urge the continuous 
usage of these proteomic resources and willingness to share the 
proteomics data to the scientific community will only keep these 
resources alive and stable. Further, these proteomics resources 
would aid as important discovery tools in the field of biomedical 
research.
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