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ABSTRACT

Plasma Proteome Database (PPD; http://www.
plasmaproteomedatabase.org/) was initially
described in the year 2005 as a part of Human
Proteome Organization’s (HUPO’s) pilot initiative
on Human Plasma Proteome Project. Since then,
improvements in proteomic technologies and
increased throughput have led to identification of a
large number of novel plasma proteins. To keep up
with this increase in data, we have significantly
enriched the proteomic information in PPD. This

database currently contains information on 10 546
proteins detected in serum/plasma of which 3784
have been reported in two or more studies. The
latest version of the database also incorporates
mass spectrometry-derived data including experi-
mentally verified proteotypic peptides used for
multiple reaction monitoring assays. Other novel
features include published plasma/serum concen-
trations for 1278 proteins along with a separate
category of plasma-derived extracellular vesicle
proteins. As plasma proteins have become a major
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thrust in the field of biomarkers, we have enabled a
batch-based query designated Plasma Proteome
Explorer, which will permit the users in screening a
list of proteins or peptides against known plasma
proteins to assess novelty of their data set. We
believe that PPD will facilitate both clinical and
basic research by serving as a comprehensive ref-
erence of plasma proteins in humans and accelerate
biomarker discovery and translation efforts.

INTRODUCTION

Plasma proteome represents an important subproteome,
as it harbors proteins secreted from almost all tissues (1,2).
In addition to classical blood proteins, plasma contains
proteins secreted by various cells, glands and tissues
along with proteins derived from commensal and infec-
tious organisms and parasites residing inside the body
(1). The plasma proteome comprises 22 highly abundant
proteins including albumin, immunoglobulins, transferrin
and haptoglobin, which make up 99% of total protein
abundance in plasma. The remaining fraction is
composed of proteins of much lower abundance including
proteolytically cleaved protein fragments (3). This wide
dynamic range of protein abundance, greater than 10
orders of magnitude, makes plasma proteome a
challenging proteome to analyze. Plasma proteins also
undergo various types of post-translational modifications
such as glycosylation, which add to its complexity (4,5).
An additional level of heterogeneity is brought about by
inter- and intra-individual variation due to age, gender
and genetic factors. All these factors make plasma the
most complex and diverse body fluid, and its analysis
poses challenge for the proteomic community.
Despite the analysis of plasma not being straightforward

from an analytical standpoint, it is the most investigated
body fluid in clinical diagnostics. Components of plasma
including circulating tumor cells, cell-free RNA and DNA,
metabolites, electrolytes and proteins are all considered as
molecular markers for early detection of diseases, disease
monitoring and prognosis (6–9). When compared with
other body fluids such as cerebrospinal fluid, gastric juice,
bile and synovial fluid, plasma is more readily accessible
and requires a simple collection procedure (1,10,11).
Thus, detection and quantitation of endogenous or
foreign antigens or antibodies directed against these
antigens in plasma could be used to determine the physio-
logical and pathological states of an individual (4). Several
plasma or serum proteins have already been identified as
potential biomarkers of diseases including cardiovascular
diseases, autoimmune diseases, infectious diseases and
neurological disorders (12–19).
Owing to the importance of plasma proteins, several

proteomic efforts have been carried out to explore
human plasma proteins. In 2002, Anderson and
Anderson compiled immunoassay- and 2D gel electro-
phoresis-based investigations of plasma proteome and
reported the presence of 289 proteins (1). Adkins et al.
used two different separation techniques followed by
mass spectrometry (MS) for characterization of proteins

from depleted serum and reported 490 proteins (20).
Human Proteome Organization (HUPO) initiated a pilot
phase of a major community initiative—the Human
Plasma Proteome Project (HPPP)—in 2002 to determine
the human plasma or serum protein constituents (21).
With the involvement of 35 laboratories across the
globe, this led to the identification of 3020 plasma
proteins (22). As a part of this initiative, we developed a
web-based resource called the Plasma Proteome Database
(PPD) (23). Recent incorporation of depletion strategies
to remove high-abundance proteins and multiple fraction-
ation strategies coupled to LC-MS/MS approaches and
high-resolution MS have resulted in a substantial
increase in the number of proteins identified from
plasma. For example, a study by Liu et al. coupled two
different fractionation methods to MS and identified 9087
proteins in plasma, which is the largest data set on plasma
proteins reported thus far (24). Farrah et al. have analyzed
raw MS/MS data from plasma/serum, submitted to the
Proteomics Identifications Database (PRIDE) and
Human Plasma PeptideAtlas using Trans-Proteomic
Pipeline and reported a set of high-confidence 1929
proteins (25–27). We systematically documented these
newly described human plasma proteins and made them
available for the biomedical community through the
updated version of PPD.

RESULTS

Documentation of plasma proteins in PPD

Plasma proteome occupies an important niche at the inter-
face of proteomics, diagnostics and medicine. To enable
sharing of data across laboratories involved in HPPP, we
developed the PPD as a web-based resource for plasma
proteins (23). To keep up with exponential increase in
plasma proteome data published in recent times, we sys-
tematically documented newly described human plasma
proteins and curated information pertaining to them in
PPD. For this, as a first step, we carried out a PubMed-
based literature by searching for groups that have exten-
sively contributed to plasma or serum proteomics.
Additional PubMed searches were carried out to fetch sci-
entific articles by using keywords pertaining to plasma
proteins. The information from articles was annotated in
PPD by experienced researchers at the Institute of
Bioinformatics (IOB) along with clinical investigators
from collaborating clinical centers in India. Currently,
PPD contains 10 546 proteins linked to 509 scientific
articles. However, as experimental data were obtained
from diverse experimental platforms and published in
the form of peer-reviewed research articles, we did not
attempt any post hoc determination of any false positives
in the database. However, as an alternative, to increase the
confidence of identification of proteins in plasma or
serum, we have included the number of articles reporting
the detection of each protein in plasma or serum. This is
listed as ‘Total number of studies’ under ‘Experimental
evidence’ in the molecule page of respective protein as
shown in Figure 1. In this database, the detection of 12
proteins in plasma is supported by >50 publications and
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that of 167 proteins is supported by >10 publications. Of
the remaining 10 367 proteins, 2199 are supported by two
publications, whereas 6762 proteins are supported by a
single publication. A histogram depicting the distribution
of proteins with corresponding number of publications is
shown Figure 2. In the current update, we have included
peptide data for proteins identified from MS-based
studies, which is one of the newly added features of
PPD. A comparison of previous and current versions
of PPD provided in Table 1 shows a 3-fold increase of
protein information in this 2014 update. From our
analysis, we observed that 4668 and 1972 proteins were
unique to PPD when compared with data from other
publicly available data resources on plasma or serum
proteins—the Sys-BodyFluid and Healthy Human
Individual’s Integrated Plasma Proteome (HIP2), respect-
ively (28,29). The data present in the Sys-BodyFluid
database were annotated from 15 articles, whereas the
HIP2 database contained plasma proteome data cataloged
from 4 articles. In contrast to other databases that provide
plasma/serum protein catalogs generated from a limited
number of studies, PPD includes data annotated from
509 peer-reviewed publications.

In addition to documentation of plasma proteins and
peptide information, for each protein in PPD, we have
provided external links to Human Protein Reference
Database (HPRD) (30), NetPath (31), Entrez Gene (32)
and UniProt (33) (Figure 1). For the benefit of users, a
collection of important published research articles and
reviews describing high-throughput investigations on
plasma/serum proteome has been provided. We are
seeking participation of the scientific community by
inviting investigators to submit relevant articles for inclu-
sion in PPD and have created a new portal in PPD to
submit such articles. To facilitate engagement with the
community, there is a ‘feedback’ option, which allows
users to submit their comments or suggestions. Finally,
we have provided an option to download PPD data
in XML and Microsoft Excel formats (http://www.
plasmaproteomedatabase.org/download).

Plasma concentration of proteins

An important step in plasma biomarker discovery is the
relative quantification of proteins in healthy and disease
conditions. Determination of relative and absolute
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Figure 1. Data analysis workflow using Plasma Proteome Explorer and a screenshot of a ‘Molecule Page’ for Haptoglobin in PPD. When queried
using UniProt IDs (as shown in A), the plasma proteome explorer displays two different type of results (shown in B). These correspond to
(i) proteins present in PPD, which are hyperlinked to their corresponding molecule pages and (ii) proteins not present in PPD, which are linked
to an external database, UniProt. Clicking the molecule leads the user to the respective molecule page (shown in C). The graphical representation
shows domains and motifs found in the protein. The molecule page also displays the alternate localization of protein, the associated biological
process and molecular function of the protein. In addition, the plasma concentration reported in healthy individuals along with corresponding
PubMed identifiers and any other information regarding presence in plasma EVs is displayed. Further, MRM data is provided with information on
proteotypic peptides, peptide m/z values, charge, collision energy, transitions determined, type of fragment ions and the mass spectrometer used
along with a link to the corresponding publication (shown in D).
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concentration of plasma proteins is helpful for monitoring
disease predisposition, onset, diagnosis and progression.
Several studies have been carried out in this direction.
An early effort was reported by Anderson and Anderson
in 2002, where they cataloged plasma concentration range
for 70 proteins from published literature (1). Subsequently
in 2005 and 2008, their group documented plasma levels
for 177 and 211 proteins, respectively, which were
reported to be associated with cardiovascular disease,
stroke and cancer based on literature evidence (34,35).
Recently, Farrah et al. provided an estimate for plasma
levels for 1200 proteins based on spectral counting (26).

We have incorporated plasma protein levels in this update
of PPD and documented plasma protein concentrations
for 1278 proteins from 276 articles. Availability of this
information will be useful for both clinicians and re-
searchers alike. To document plasma protein levels, we
searched PubMed using Gene symbols OR Protein name
OR alternate name(s) of the protein AND Plasma level*
OR Serum level* as queries. We engaged four medical
students (S.K., B.N.J., K.V.S. and R.K.K, who are also
co-authors) to document the plasma protein levels in
normal individuals from the literature. The plasma
protein concentration data in PPD can be browsed as
shown in Figure 1 along with the method used for the
measurement in each case. We also developed a web-
based submission portal (http://www.plasmaproteo
medatabase.org/protein_concentration) for submission of
data pertaining to protein concentration in plasma/serum
by the clinical/analytical community. The researchers can
submit the information obtained from their study through
this portal, and the information will be processed in PPD
along with the source of the information. The ‘Plasma
protein concentration data’ file contains a list of plasma
proteins sorted based on their concentration in plasma/
serum. This file can be downloaded at http://www.
plasmaproteomedatabase.org/download.

Incorporation of data from multiple reaction
monitoring experiments

Traditionally, enzyme-linked immunosorbent assay and
western blotting have been used for protein identification
and quantitation in plasma. The success of these conven-
tional methods relies heavily on the availability of specific
antibodies against each protein. These methods also
provide limited throughput, as each assay can monitor
one protein at a time. Recent advances in MS have
enabled simultaneous identification and quantitation of
hundreds of proteins in plasma in a single experiment
(36–38). Targeted approaches like multiple reaction moni-
toring (MRM) have enabled quantitation of plasma
proteins with high specificity as well as increased through-
put (36,38).

MRM assays use multiple parameters to identify
and quantify specific protein/s in complex samples.
Proteotypic peptides that uniquely represent a protein
are first selected, and assays are developed, which take
into account the retention time of the peptides, their m/z
values and measurement of specific fragment ions (39).
This multi-step process provides superior specificity and
allows for accurate quantification of protein levels over a
wide dynamic range of abundance (36,40). MRM analysis
has thus revolutionized biomarker research and is being
widely used to determine altered protein levels across
various disease phenotypes. A compilation of proteotypic
peptides of plasma proteins that generate good signals in
MS experiments along with their transitions will be im-
mensely beneficial in developing MRM assays. In PPD,
we have annotated 591 reported peptides corresponding to
279 proteins for MRM analysis. This includes details of
precursor m/z, fragment ion m/z, collision energy, charge
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Figure 2. Distribution of proteins annotated in PPD according to
number of corresponding publications. The histogram shows that
a high number of proteins (8793 proteins) in plasma have been
reported only in a single study. Of the 509 articles annotated, 426
were found to support the presence of �10 proteins in plasma or
serum.

Table 1. A comparison of data in the current version of PPD with

the initial database in 2005

Data Features PPD-2005 PPD-2014 Number of
articles
annotated
in the current
update

Total number of proteins 3778 10 546 509
Total number of proteins
with plasma levels

Not
annotated

1278 276

Total number of proteins
derived from plasma
extracellular vesicles

Not
annotated

318 9

Total number of proteins
with MRM data

Not
included

279 24
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of the precursor ion and instrument used for the analysis
(Figure 1).

Proteins identified from extracellular vesicles in plasma

Extracellular vesicles (EVs) are membranous sacs released
by both normal and diseased cell types and are also
reported in body fluids such as blood, urine, saliva and
synovial fluid (41–44). EVs include ectosomes, exosomes
and apoptotic bodies. They facilitate communication
between cells by transfer of membrane and cytosolic
proteins and are also shown to play role in mediating
immune response and antigen presentation (44). EVs are
shown to be present in plasma from healthy and certain
cancer patients including glioblastoma and colon cancer
(45,46). Therefore, identification and characterization of
EVs in plasma should aid in disease diagnosis and discov-
ery of biomarkers. Considering the importance of EVs, we
have curated and included plasma EV proteins in PPD.
There are 318 EV proteins annotated in PPD and each is
linked to Exocarta and Vesiclepedia, both manually
curated resources for proteins, messenger RNA, micro
RNA and lipids reported from EVs including exosomes
(42,43).

Plasma Proteome Explorer–a batch query interface
in PPD

We have enabled a batch query utility called ‘Plasma
Proteome Explorer’, which allows users to query the
plasma proteome by providing a list of peptides, gene
symbols, Entrez Gene IDs, RefSeq accessions or
UniProt IDs. Data analysis workflow of plasma
proteome explorer is represented in Figure 1. The results
obtained are displayed in a web page with following
features—PPD ID, which are hyperlinked to PPD
‘molecule page’, gene symbol and Entrez Gene ID.

Plasma proteome explorer will enable biologists with
limited bioinformatics skills to compare their own experi-
mental data set with that of plasma proteome. In a single
step, users can differentiate between novel plasma
proteins, novel MS-derived peptides detected from
plasma, known plasma proteins and peptides. This will
enable researchers in biomarker development to screen
candidate molecules that can be detected in plasma,
from a larger set of candidate protein biomarkers
identified in the discovery phase to pursue further for val-
idation. We believe that the plasma proteome explorer will
occupy the intermediate niche between ‘biomarker discov-
ery’ and ‘biomarker validation’ phases. We have enabled a
separate query tab, which allows querying of proteins
based on protein name, gene symbol, Entrez Gene ID,
UniProt ID, sample type, experimental method and MS-
based platform. In addition, search by protein sequence
can be carried out in PPD. The ‘Browse’ option allows the
user to pursue proteins categorized on the basis of their
protein name, biological process, molecular function,
proteins with information on MRM data and plasma
exosomal proteins.

CONCLUSIONS

The main goal of the PPD is to foster research in the area
of clinical proteomics, especially the discovery of plasma
biomarkers, to diagnose and monitor human diseases. We
have introduced a number of new features to expand the
utility of this database, particularly in the field of bio-
marker discovery and validation. Plasma proteome
explorer will prove useful for selecting secreted candidate
biomarkers from a larger set of differentially expressed
genes/proteins in any disease or perturbed biological con-
ditions. As the database develops, we foresee the need for
the incorporation of information on disease association
and availability of reagents such as enzyme-linked im-
munosorbent assay kits. We anticipate that PPD will
provide a platform to bring together the communities of
biomedical researchers engaged in biomarker discovery
and validation along with proteomic researchers develop-
ing analytical solutions to overcome problems in plasma
proteome research. We foresee that PPD will serve as a
centralized reference repository for such a community
approach.
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