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ABSTRACT: Proteomics is an advance tool in protein identification, structures prediction, protein 

domains and post transcriptional modifications. Proteomics study have several challenges, including the 

complexity and dynamic nature of the proteome, technical limitations, data analysis, sample preparation, 

and lack of standardization. Addressing these challenges will require continued innovation and 

collaboration among scientists, technologists, and bioinformaticians to advance the field of proteomics and 

realize its full potential in advancing our understanding of biological systems. Various technologies are 

developed and evolved time to time accordingly to the requirement and availability of the design 

experiments. Including traditionally used 2DE, immunological to advance modern tandem MS, with more 

data accuracy and resulted inferences. Information’s, reports and data of proteome from these 

technologies result to build a specific, organized, and formed databases. These biological databases are 
evolved from primary to secondary databases and many special, accordingly to their specific features. 

Databases are Improve and develop with relations and collaboration to others database in various forms 

and formats. These all techniques and databases are having various latest improvements and additions in 

recent, which help in high level of protein study to understanding biological system level.  
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INTRODUCTION 

Biological sciences in the advance post-genomics time 
are characterized by the famously use of term “omics 
technologies” (Fernando et al., 2011, Ganesh et al., 

2011 and Raquel et al., 2010). These clear trends in the 
life science details research towards biological entities 
up to the system level (Marcus et al., 2007; Bilal et al., 
2017; Clark et al., 2021). “Omics technologies” is used 
including Genomics, Trnascriptomics, Proteomics, and 
Metabolomics (Issa and Grier 2008;  Ewa et al., 2003; 
Lv et al., 2017 ;  Beniddir et al., 2021).  
From past two decades, “proteomics” are in prominence 
as a key strategy to investigate systems in biology 
(Agrawal et al., 2013; Lv et al., 2020; Yan et al., 
2022).Where RNA, DNA, Protein, and Metabolites are 
make a terms Transcriptome,  Genome and Metabolom 
(John et al., 2009; Jon and Visith 2004; Dong et al., 
2020) proteome and Metabolome respectively. These 
omics knowledge evolving a term “Paintomics” which 
is an tool to visualization of trnascriptomics and 
metabolomics data from web sources (Fernando et al., 

2011; Alseekh et al., 2021).  Similarity Human 

Proteome Organization (HUPO) is developed for the 
promotion of proteomics with international cooperation 
with representation of scientific organization for the 
development of new techniques, new technologies and 
skilled bases training for proteomics tools 
(http://www.hupo.org/). As the sequencing of DNA is 
developed and enhance lager amount of DNA sequence 
base data is accumulated in databases (Helen, Philip 
and John 2004; Imanzadeh et al., 2015), meanwhile 
researchers realized that, the complete known genome 
sequence is not sufficient to understand the biological 
system until the expressions of proteins are not 
recorded at translational level (Akhilesh et al., 2000) 
and hence it is important to identifying the expressional 
components of gene in the form of protein (Saligrama 
et al., 2008, Liu et al., 2020) which leads the  great 
important in proteomics study. Advance technologies, 
bioinformatics tools and database are now become 
more complex than genomic information to understood 
the investigate the comparative proteomic study 
(Satyanand et al., 2010, Bilal et al., 2017). 
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The “Proteomics” term was firstly coined by Marc 
Wilkins, in 1994 at Seina Meeting, to simply refer to 
the “PROTe in component of a genome” (Raquel et al., 

2010). This can be defined as the study of systematic 
and large-scale analysis of proteins (Satyanand  et al., 
2010; Akhilesh et al., 2000; Ohkmae et al., 2004; 
Wilkins et al., 1997). It is a rapidly demanding, 
progressing and developing discipline of this current 
functional genomics era (Richard and Dalia 2010), will 
contribute greatly to our understanding of genes 
function in post-genomic era (Akhilesh et al., 2000;  
Jorrin et al., 2006), particularly by structure, function 
and modification of proteins. Due to main catalysts of 
biological function (Roman et al., 2005; Bilal et al., 
2017) several disorders, diseases, abnormalities  are 
caused by improper  function of the protein or its 
expression  (Fred et al., 2003), and progressive miss 
folding of specific protein (Dennis et al., 2003). To 
better understanding biological systems with the help of 
protein study various methods, mechanisms 
technologies and databases (Helen, Philip, and John. 
2004, Pouya et al., 2015, Farshid et al., 2015) have 
evolved. Proteome analysis involves separations, 
visualization of protein and identification of protein 
respect to genomic base sequence (Jon and Visith 2004; 
Francisco et al., 2004; Nutan et al., 2022). Ones this 
information is collected leads to identification of 
modified structure on the basis of protein motifs of that 
protein (Ole et al., 1998). The various practically 
applied technique like Electrophoretic, Spectroscopic, 
Chromatographic and Immunological as well as 
software’s and databases are the ways to study proteins 
which helps to understanding the biological science by 
protein compositions and its amino acids sequence 
chain (Nayuni et al., 2022; Palak et al., 2022).  

ELECTROPHORESIS TECHNIQUES 

1. Two Dimensional Gel Electrophoresis (2DE): 
Proteomic study 2DE is only the best, sensitive, most 
powerful and highest resolution analytical method of 
separation and identification of protein which is widely 
in use (Arsi et al., 2005; Wenzhu et al., 2000; Scott et 

al., 1994). 2DE was first introduced in the early 1970s 
and by using pH based gradient gel experimental 
problems was overcome (Ganesh et al., 2011; Sarka et 

al., 2000). The objectives are mostly to know protein 
that are unregulated or regulated in specific manner 
with respective to dieses to developed diagnostic 
markers or therapeutics targets (Akhilesh et al., 2000; 
Fatemeh et al., 2009). Thousands of proteins can be 
resolved from single gel electrophoresis (Kose et al., 
1995; Waltraud et al., 2010). This technique uses 
charges which helps to separate different size of 
proteins in dimension first and further on the basis of 
molecular weight while in dimension second (Ole et al., 
1998). There are several technical challenges like 
membrane proteins and large hydrophobic protein are 
not enter in to the dimension second of 2DE (Akhilesh 
et al., 2000; Kumar et al., 2014). Besides these 
drawback’s, 2DE is still the comparatively good 
method to separate large and complex protein present in 

mixture (Arsi et al., 2005). Concentration of protein 
spot from 2DE ranges from 1ng (nanogram) to 1 µg 
(microgram) protein (Kose et al., 1995).  Identification 
of spots and image analysis performed with the help of 
Micro Edman Degradation procedures (Dustin et al., 

2005; Stephen et al., 1988), were due to some limited 
sensitivity of Micro Edman Degradation technique (Ole 
et al., 1998), each 2D spot is separately digested, 
extracted and then analyzed, which required large time 
(Himanshu et al., 2001; Pranav et al., 2022). Now a 
day’s improvements in technologies and various 
software packages are used for theses analysis, 
Software like Progenesis (Nonlinear Dynamics, New 
Castle Upone-Tyne, UK), PDQuset Software, (BioRed, 
Hercules, USA), etc and digitized images and spot 
features were automatically detected (Elena et al., 2006, 
Xiaofeng et al., 2006; Maria et al., 2010, Faraji et al., 
2019). Were Propic robot (Genomic Solution Ann 
Arbor MI. USA), ProGest automated digester (Genomic 
Solution) etc are also new improvement in 2DE (Dustin 
et al., 2005). Which all can help in the understanding 
the complex biological function (Muhammad et al., 
2007 and Kumar et al., 2014). 
2. Sodium Dodecyl Sulfate Polyacrylamide Gel 

Electrophoresis (SDS-PAGE): SDS-PAGE is 
commonly used proteomic tool which separates and 
identified proteins by the basis of molecular weight of 
molecular weight (Francisco et al., 2004; Patton,  
2002). Sodium Dodecyl Sulfate is an anionic detergent 
is used to separate proteins to their primary structure 
and make coat them with uniform negative charge. 
Despites being introduced more than 30 years ago, 
there are only been a small development on the basic 
principle in SDS PAGE (Patton 2002,). The stacking 
with small quantity of acrylamide concentration and to 
making wells producing different protein concentration 
are compared (Ramu et al., 2004).  The significant 
changes are to introduction of gradient gels, while to 
perform electrophoresis at near neutral pH in SDS-
PAGE (Saligrama et al., 2008). These developments 
make protein separation with wider molecular weight 
range and decrease protein degradation during 
preparation of sample (Gisele et al., 2009).  
Electrophoretic separations in proteomics can then be 
detected with the help of various staining techniques: 
(i) Organic dyes, like colloidal Coomassie blue (Ramu 
et al., 2004;  Kaley et al., 2009).  
(ii) Zinc-imidazole staining (Raquel et al., 2010). 
(iii) Fluorescence-based detection (Ole et al., 1998; 
Gisele et al., 2009; Raquel et al., 2010)  
(iv) Silver staining (Saligrama et al., 2008). 
Post-SDS PAGE staining also increase accuracy 
(Patton, 2002). Molecular mass of 10,000 to 300, 00 
soluble proteins are readily covered which also 
extremely basic as well as acidic proteins can easily 
visualized (Akhilesh et al., 2000 and Holly et al., 
2004). But a major drawback of using 2 Dimensional 
gels electrophoresis is their incompatibility with 
membrane proteins due to its hydrophobic nature and 
play crucial role in cellular mechanism (Kathryn et al., 
2007).              
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3. Differential in Gel Electrophoresis (DIGE): This 
techniques is introduced by Unlu with his co-workers 
fellows in 1997 (Unlu et al., 1997). This enables the 
different protein sample into a single 2 D gel. Labeling 
each protein sample can possible with separately 
resolvable florescent cyanine dyes (Cy3 or Cy5) 
(Ganesh et al., 2011, González  et al., 2020). The 
differentially florescent cyanine dyes (Cy3 and Cy5)  
labeled protein are mixed and resolved after extractions 
on the single gel than fluorescence imaging helps to 
detect difference among these two proteins extracts 
(Ngan et al., 2011). A third protein was labeled with 
another florescent cyanine dyes (Cy2) which provides 
robust statistical information for analysis (Alban et al., 
2003). The technique also used to find changes in 
protein structure in various environmental stresses (Qui 
et al., 2008). The Differential in Gel Electrophoresis 

approach has been successfully applied on 
phosphorylation study in membrane protein as well as 
to compare dark and light proteome adaptation of 
thylakiod lumen in chloroplast (Waltraud et al., 2010). 
4. Blue-Native Polyacrylamide Gel Electrophoresis 

(BN-PAGE): These are the useful mixture of 1-and 2-
DGE which was invented by Schagger and Von Jagow 
in 1991, to investigate protein complexes and its 
compositions in respiratory chain from the different 
organisms (Ganesh et al., 2011). Braun with his co-
workers is defined complexes of plant mitochondria 
with supra molecular organization in chloroplast with 
this technique. The principle of this technique based on 
solubilization of protein specially membrane by using 
mild nonionic detergent, such as triton X100, n-
dodecylmaltoside or digitonin. Complex protein 
solubilizations are critical step after that solublized 
complex is separated depending upon the mobility of 
the complex within the gel matrix (Heinemerey et al., 
2004). Advances techniques in using the BN-PAGE 
technology with combination of DIGE as the one 
dimensional separation gives new prospective and 
applications (Waltraud et al., 2010, González et al., 
2020; Melby et al., 2021). Bioinformatics tools and 
data bases for electrophoresis are available at 
http://world-2dpage.expasy.org/repository (database), 
http://expasy.org/melanie  and at http://www.2d-gel-
analysis.com (image processing tools). 

MASS SPECTROSCOPY TECHNIQUES 

J J Thomson was fist time built Mass Spectroscopy 
prototype to measure m/z of electron and awarded with 
Nobel Prize in year 1906. Where Mass Spectroscopy 
concept was first introduce by Francis Aston in 
Cambridge England in year 1919. Mass spectroscopy is 
the most significant, versatile,  powerful and 
comprehensive tool in large scale protein study in 
proteomics (John et al., 2009 and David et al., 1998) 
that allows more accuracy determination of gaseous ion 
based measurement of its mass to charge ratio (2-5 
ppm) (Winston et al., 1997), high resolution and 
dynamic range more than 103  (John et al., 2009 and 
Winston et al., 1997) and the technique is still evolving 
(Akhilesh et al., 2000, Timp and Timp G2020). This is 

preferred method for identification of unknown protein, 
which can applied to the study of biological problems, 
such as apoptosis, human cancer and also to elucidate 
the component of several multi-protein complex (David 
et al., 1998; Aebersold and Mann 2016; Aabid et al., 
2022). Basically mass spectroscopy contains three main 
components that are a good ionization sources for 
ionization of peptide, mass analyzer and a detector. 
With these additionally Inlet system will be the first for 
protein adding via HPLC, GC, etc and last will be the 
data analyzing system. 
1.Ionization methods: Mass Spectroscopic Ionization 
are done by Electrospray Ionization (ESI) (Raquel et 

al., 2010, Ohkmae et al., 2004; Ohkmae et al., 2004; 
Waltraud et al., 2010; Eugene et al., 2005), Nanoelectro 
ionization (nanoESI) (Enrique et al., 2005;  Setsuko 
Komatsu 2008), Matrix Assisted Laser Desorotion or 
Ionization (MALDI) (Marcus et al.,2007 and Waltraud 
et al., 2010), Electron Ionization (EI), Chemical 
Ionization (CI) (Raquel et al.,2010), Fast Atom/Ion 
Bombardment (FAB) (Issa Coulibaly et al., 2008), 
Atmospheric Pressure Chemical Ionization (APCI) 
(Robert et al., 2002), Desorption/Ionization on Silicon 
(DION) (John et al., 2009), Field Desorption/Field 
Ionization (FD/FI), and Thermo spray ionization. These 
soft ionization methods (especially ESI and MALDI) 
allow for the peptide and protein analysis (John et al., 
2009). Developments of ionization techniques have 
driven Mass Spectroscopic build instrument with large 
range, higher resolution, with mass accuracy and low 
the coast (Willam et al., 2001). 
Electrospray Ionization (ESI): This technique used in 
MS to produce ions. Is widely in used to mixture of 
biomolecules into the MS instrument (Willam et al., 
2001; Heng et al., 2003), by high voltage (2-6 kV) and 
applied between separation pipeline and inlet system of 
the MS. Physicochemical processes of ESI produce 
electrically charge spray which provides analytic 
solvent droplets in system. Formation and desolvation 
is heated by capillary, and inject at the mass 
spectrometer inlet into system (John et al., 2009). The 
ESI process of forming gas phase ions are devoted from 
the work of Dole et al (Willam et al., 2001). The main 
properties of ESI to allow rapid transfer of analyets at 
atmospheric pressure from the liquid to the gas phase 
(Heng et al., 2003; Aebersold and Mann 2016). There 
are many models of ESI ion formation (Andrej et al., 
1996). Similar type of work was started in year 1910, 
different conformation of same type of protein give rise 
to specific ESI-MS spectra (Chowdhur et al., 1999). 
ESI MS approaches added to the complication with 
multiple peaks, charge state distribution and affecting 
sensitivity (Kenneth et al., 2006). ESI with tandem MS 
instruments can used to obtain peptide between 5-15 
amino acids. In this fingerprint ion peak is ‘captured’ 
and defragmented into amino acid fragment of peptide 
(Gygi, 1999).  Nano ESI is compatible by with capillary 
reverse phase i-e RP, columns with higher sensitivity 
than analytical column. The source of ESI is usually 
coupled with continuous analytical instruments (John et 

al., 2009). Nano ESI MS/MS is used to localize 
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phosphorylation sites of solubilized proteins, and 
recently has been also applied to PAGE isolated 
phospho-protein (Ole et al., 1998, Aebersold; Mann 
2016; Cho et al., 2021). 
Matrix-Assisted Laser Desorotion/Ionization 

(MALDI): Widely used tool for peptide mass mapping 
in Mass Spectroscopy  (Ole et al., 1998, Wenzhu et al., 
1994), this technique attracted, attention of the Mass 
Spectroscopy community during the 11th International 
Mass Spectroscopy Conference in Bordeaux (1988), 
when Karas and Hilleenkamp described MALDI of 
protein with molecular masses exceeding 10 kDa 
(Willam et al., 2001). MALDI evaluated to directly 
measuring ratio of substrates and product in enzyme 
assay (Kenneth et al., 2006), low resolution structure 
studies of protein and protein complexes and selective 
radical probe reaction performed on the location of 
residue on molecular surface (Giovanni et al., 2007). In 
MALDI, matrix absorbs laser energy and transfers 
energy to the acidified analyte, whereas the rapid laser 
heating causes desorption of matrix with [M + H]+  ions 
into the gas phase (Willam et al., 2001). MALDI 
ionization needs hundreds of laser shots to achieve 
acceptable signal with to the noise ratio for ion 
detection and generate charge. This makes applicable 
detailed analysis of high molecular weight protein with 
the help of MALDI (David et al., 1996). It can help to 
assist various parameters such as linearity and 
reproducibility and automated multi-enzyme compound 
screening (Scott et al., 1994, and Kenneth et al., 2006). 
The drawbacks of MALDI are low in reproducibility 
and sample preparation. A key development in MALDI 
is with atmospheric pressure and can be terms as 
atmospheric pressure MALDI (AP-MALDI) (John et 

al., 2009), It combines MALDI ion with a highly 
efficient tandem MS unit that fragment the individual 
peptide (Akhilesh et al., 2000). The spectra received 
from AP-MALDI can be analyzed by using the 
MssLynx 4.0 software (Waters, Milford, MA) and all 
obtained spectra from AP-MALDI were used to 
identify proteins in Swiss-Prot protein sequence 
database by Protein Lynx Global Server 2.0 software 
(Elena et al., 2006). 
Fast Atom/Ion Bombardment (FAB): FAB is another 
ionization technique introduced by Barber and his co-
workers in year 1981 (Barber et al., 1981). First time, 
routine mass spectrometric analyses with polar 
thermally labile molecules are practiced in few 
thousand daltons (Willam et al., 2001). FAB is the 
suitable method or the analysis of samples with 
preformed ions in solution, which are protonated or 
sodiated molecule. A solution of sample containing 
perhaps [M + H]+ ion and complementary negatively 
charge counter ions, are dissolved in FAB matrix and 
introduced into the mass spectrometer vacuum system. 
The matrix solution of the sample is then bombarded 
with fast atoms (8 keV, Xe) or ions (20keV, Cs+) and 
energy is transferred to matrix sample solution with the 
result that sample [M + H]+ ions are vaporized along 
with protonated matrix clusters (Willam et al., 2001; 
Barber et al., 1981). 

2. Mass analyzers: Broadly mass analyzer is 
categorized into two main categories, which are with 
the scanning and ion beam MS and trapping MS. 
Normally the well known ionizers are Time-of-Flight 
(TOF), Quadropol (Q), Iontrap (IT), Fourier Transform 
Ion Cyclotron (FTMS), and Orbitrap are the different 
analyzers.  
Time-of-Flight (TOF): Is scanning mass analyzer was, 
used to measure the time that of travel by the object and 
detector over a known distance (John et al., 2009). 
From the year 1948 to 1952, TOF mass analyzers 
introduced and interfaced with MALDI to performed 
better pulsed analysis (Kenneth et al., 2006). In protein 
chemistry filed it is widely in used. TOF shows ability 
to directly mass analyze for the protein in naturally 
occurring biological liquids (David et al., 1996). 
Analysis of integral membrane protein for peptide mass 
fingerprinting can be done with passive identification of 
protein by TOF in combination with ESI Q TOF MS 
(p80). MALDI TOF is good for mass measurement of 
proteins up to 500 kDa shows accuracy is between 0.1 
and 0.01% with fast sampling rates (Kenneth et al., 
2006). 
Iontrap (IT): This instrument is the high –throughput 
workhorses in proteomics. Ion trap invents in 1983 by 
W. Paul (wins 1989 Nobel Prize). Use of this 
instrument almost exclusively for the identification of 
proteins from enzymatic digests at high sensitivity form 
e.g. 1D and 2D gel spots. And versatile instruments 
features are fast scan that’s rates MSn, for each scans 
with good resolution, high duty cycle, mass accuracy 
and high sensitivity (John et al., 2009). 
Quadropol (Q): Is a mass analyzer responsible for 
filtering sample ions where ion filters was also 
introduced by W. Paul in 1955, as per their mass to 
charge ratio (m/z). Were the ions are separated by 
stability or trajectories in the oscillation of electric 
fields applied on rods. 
3. The detectors: Is the final element in mass 
spectrometer which records either charge induced with 
ion passes that’s hits a surface of detector. Normally 
some kinds of electron multiplier are used and also 
other detectors are used according to requirements of 
experiments. Finally data analysis system which 
involved various algorithms and software which 
resulted into good data collection of all protein those 
are tested. Software like MSight by SIB use for image 
development from ms, SPIDER used ms/ms data for 
protein identification. The algorithms like PeptIdent 
(Source: 
http://www.us.expasy.org/tools/peptident.html), 
MultiIdent, and ProFound (Source:  
http://129.85.19.192/profound_bin/WebProFound.exe) 
are used in proteolytic fingerprinting in protein 
identification. Where Moscot is an another powerful 
engine from Matrix Science (Source: 
http://www.matrixscience.com), that are using mass 
spectrometry data to identified protein from primary 
protein sequence database (Gisele et al., 2009; Brigit et 

al., 2006). Programs operating with ms/ms spectra are 
Pepsea, and Pep3D (Eugene et al., 2005) are in 



Khan   et al.,               Biological Forum – An International Journal     15(3): 511-523(2023)                                             515 

commonly used. The algorithm MOWSE (Martin et al., 
2005) is more selective and sensitive than other in 
calculating only number of matching peptides available 
at Source:  http://www.narrador.embl-
heildlberq.de/GroupPages/Homepage.html (John et al., 
2009).   
Multidimensional Protein Identification Technology 

(MudPIT): This technology is developed to analyze 
the highly complex samples required for the large-scale 
analysis of proteome with the help of Electrospray 
Ionization (EI), database searching and tandem mass 
spectrometry (MS/MS).  Protein is identified by this are 
statistically significant number of matches (Clair et al., 
2007). Recent studies have identified more than the 
2,000 proteins in a single fraction with MudPIT 
provided significant result (Eric et al., 2009). It used 
with an wide range experiments like large-scale 
catalogues of protein, organisms protein profiling and 
organelle or membrane level protein identification 
(Ganesh et al., 2008). A recent investigation gives four 
stages of the parasite’s life cycle in malaria by these 
methods (Florens et al., 2002). It helps to gives the 
stages of human host (Eric et al., 2009). A new 
strategy, ultra-high-pressure, and advance components 
of MudPIT (UHP-MudPIT) improve in the resolution 
of peptides as well as increasing the length of the C18 
phase were decreasing the particle size (Clair et al., 
2007). Technologies such as MudPIT have accelerated 
biological discovery and leads to openings new ways in 
research and study of protein and proteomic science 
(Jorrin et al., 2006). 
PepFrag: Another software tool operates with MS/MS 
which allows searching of protein sequence database 
(from SWISS-PORT, PIR, GENPEPT) by using a 
combination of different type of information from mass 
spectra of peptide maps and fragmentations spectra of 
peptides. It is publically available on the internet as a 
section to the PROWL, which is an interactive 
environment at websites for protein mass spectrometry 
and protein software like this are available on web for 
protein identification (David et al., 1998). 
Tandem MS: Other approach in spectroscopy 
utilizations wildly is MS/MS or tandem MS or MS2  
this technique was appears in 1968. In that ions are 
mass selected with the help of mass analyzer I (MS1) 
and then puts into a collision region proceeding with 
analyzer II (MS2). Inert gases are generally used to 
introduce collision (Willam et al., 2001). Application of 
MS/MS for the structural classification of organic 
molecule was given by Beynon and his co-workers at 
Purdue University. These ms/ms can also allow the 
protein sequencing by various coupling supports 
(Himanshu et al., 2001). The 1st Triple-Quadropol 
MS/MS instrument was mad by Yost and Enke in 
1970s after twenty years in 1990 the Quadropol-Ion-
Trap MS/MS become more popular and many others 
like hybrid ms/ms instrument. The 1st commercial 
hybrid MS/MS is the Micro-mass AutoSpect-OATOF, 
that’s having a double focusing type of arrangement in 
MS1 and linear TOF arrangement in MS2 (Willam et al., 
2001). Other various development and improvements 

has been done which become helpful to proteins at 
system levels.     
All described spectroscopic techniques which are 
experimentally applied with various combinations, like 
MALDI-MS (S. P. Gygi 1999; Wenzhu et al., 2000, 
Michael et al., 2000, and Martin et al., 2011), MALDI-
TOF-MS (Wenzhu et al., 1994; Sarka et al., 2000; Kris 
et al., 2000), and ESI-Q-TOF-MS, nanoelectrospray 
MS/MS (Ole et al., 1998, Holly et al., 2004), LC-ESI-
MS (Giovanni et al., 2007) and many others are in uses 
according to requirements of experiments. 
These techniques are basically taken primary data from 
a technique like Electrophoresis which is described 
above, Chromatographic and Immunological 
techniques. All including MS are direct or indirect 
connected and finally making a huge amount of data of 
protein information including various protein 
sequences, structures, domains, modifications of 
proteins etc leads to increasing depositions in the 
proteins databases. Which together (different 
experimental tools and databases) are becoming a good 
field of study of proteins in broad view of points for 
biological system understandings. 

DATABASES FOR PROTEIN STUDY 

(Biological databases). Biological databases are 
includes databases of protein and nucleic acid but on 
broad view, biological databases are classified into 
structural database and sequence databases (Table 1). 
Sequence database are applicable for both, whereas 
structure database only applicable for protein. The fist 
protein sequence database was created after the 
sequencing of insulin peptide by F. Sanger in year 
1953. Insulin is the first protein to be sequenced of 51 
amino acids (Helen, Philip, and John. 2004, Wang et 

al., 2014, Rosenberg and Utz, 2015). After that various 
development and important in technology for studying 
protein leads to development of well known protein 
data bank (PDB) in 1971. This was having only 10 
entries. Know exponential development of PDB shows 
more than 25000 available structures of different 
proteins (Helen, Philip, and John. 2004) this leads to 
developments of modern biomedical architecture data 
bases (Cole and Moore 2018).  As well as subsequently 
development of various other protein databases with 
different requirements and needs are to be developed, 
like Swiss-Prot, TrEMBL, CluSTr, UniProt, PRIDE, 
InterPro, ProToMap, IPI, REIASD and PHYTOPROT 
which are helping in understanding of various 
biological pathways and systems in proteomic science. 

Table 1: Broad Classification of Protein databases. 

Protein Databases 

Structural  Databases Sequence Database 

 
Pri-DB 

 
 
 
 

Sec-DB 
 
 

 
-PDB 

 
 

-SCOP 
-CATH 
-RESID 

 
-SWISS-PROT 

-TrEMBL 
-CluSTr 
-UniProt 

 
-InterPro 
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1. SWISS−PROT: A protein sequence database from 
Department of Medical Biochemistry of the University 
of Geneva release in year 1986. Now SWISS PROT is a 
joint enterprise of the European Molecular Biology 
Laboratory (EMBL) and Swiss Institute of 
Bioinformatics (SIB) (Michal et al., 2007). It has also 
joined to the GO Consortium 
(http://www.geneontology.org) and has adapted its 
structured and its vocabulary to characterize the 
activities of protein in TrEMBL (Translations EMBL), 
Swiss-Prot, and InterPro. It also takes a fist time 
initiation in Gene Ontology Annotation (GOA) project 
to provide assignments or checking of GO term to gene 
products for all organisms with completely sequence 
genome (Evelyn el al. 2003). Sequences of gene stored 
in this database are having two classes of data. Each 
and every sequence are apart from its core data, it have 
annotation with described protein structure, fucation 
post-translational modification and domains (Michal et 

al., 2007). This database minimizes entries of protein 
number sequence to minimize redundancy. Each entry 
are provided link with other database so one can get 
more information about the protein which required. 
Many databases are builds on the basis of SWISS-
PROT like UniProt, InterPro, and CluSTr (Nicola et al., 
2005, Amos el at. 2005, and Margaret et al., 2002) to 
provide the user a more precise view. In August 2002 
the new release (Release 40.25) was contain 112,657 
protein entries (Sarka et al., 2000) and it jumps to 
568,363 reviewed SWISS- PROT data of protein data 
were recorded till November 2022. Now there are bulk 
entries of several model organisms which represent 
about 40% of all on protein sequence. The easiest 
method to access TrEMBL and SWISS-PROT via 
Expert Protein Analysis System (ExPASy) is from 
http://www.expasy.org. A standard data mining 
algorithm is applied on SWISS-PROT to gain 
knowledge by keywords annotation in to the SWISS-
PROT. 11 306 different rules were generated with 
taxonomy; signature matches and sequences (Philip et 

al., 2008). An implement of integrated database system 
known as ‘multi-protein survey system’ (MPSS), that’s 
provides a platform to retrieve information regarding 
many proteins. It integrates databases like TrEMBL, 
SwissProt, InterPro and PDB (Pei Hao et al., 2005). 
The result can be browsed on 
http://golgi.ebi.ac.uk:8080/Spearmint/. Swiss-Prot 
release on March 08, 2011 contains 525997 sequence 
entries that comprising with 185874894 amino acid 
abstracts from 196176 different references.  The large 
amount of data from several genome project give rise to 
TrEMBL which contain entries derived from the 
translation of coding sequences (CD. Another way to 
get  SWISS-PROT and TrEMBL data is through 
anonymous ftp from ExPASy (ftp.expasy.org ) by 
European Bioinformatics Institute (EBI) 
(ftp.ebi.ac.uk/pub/) with latest version which is released 
in 2020.   
2. CluSTr: CluSTr is a Clusters of SWISS-PROT and 
TrEMBL database for the proteins offers an automatic 
classification of SWISS-PROT and TrEMBL protein 

into a group of similar proteins 
(http://www.ebi.ac.uk/clustr/). These clustering are 
based on analysis of pair-wise comparisons between 
proteins using the algorithm (Michal et al., 2007). 
Protein analysis is carried out by different levels of 
similarity and hierarchical organization of clusters. 
While working with the clusters at different level of 
similarity, biological meaningful clusters selected for 
groups of proteins with increase the flexibility within 
database (Rolf et al., 2001). 
3. Universal Protein Resource (UniProt):   Database 
is formed in 2002 with combination of, the Swiss-Prot 
+TrEMBL groups at Swiss Informatics Institute (SIB) 
and the Protein Identification Resources (PIR) grouped 
from Georgetown University and National Biomedical 
Research Foundation in joined forced as the UniProt 
consortiums, which maintain three DB layer.                                          
The UniProt ARCHIVE (UniParc): It provides 
comprehensive, a stable, and non-redundant sequence 
collection by protein sequence data (Nicola et al., 
2005). UniParc is designed to capture all protein 
sequence data from the aforementioned database and 
from other data sources such as International Protein 
Index (IPI), Ensemble, RefSeq and FlyBase (Kersey et 

al., 2004). UniParc represent each protein sequence 
once only and as it release in 2.6 version in September 
2004 contained 4375775 unique sequences from 
11978094 original source records. UniParc sequences 
version is increased each time the underlying sequence 
changes, making it possible to observed sequence 
changes in all sources of databases report can found at 
http:/www.uiprot.org. 
The UniProt Knowledgebase (UniProt):  A central 
database with merges annotation and functional 
information from Swiss-Prot, PIR-International Protein 
Sequence Database (PIR-PSD) and TrEMBL (Sarah et 

al., 2009). All suitable PIR-PSD sequences missing 
from Swiss-Prot and TrEMBL where incorporated into 
UniProt. Bi-directional cross references were created to 
allow the easy tracing of PIR-PSD. The UniProt 
knowledgebase are divided into two parts first is a 
section of fully literature extraction and second curator 
evaluated computationally analyzed records. Automatic 
annotation and classification of UniProt/TrEMBL (for 
automatic annotation system) (Amos el at., 2005), 
controlled Integration, vocabularies and ID mapping of 
new data sources can be found at 
https://www.uniprot.org/uniprotkb/P57727/entry. 
The UniProt Reference (UniRef):   This DB parodies 
non-redundant data collection relies on the UniProt 
Knowledgebase and UniParc to complete coverage of 
sequence at several resolution. Automatic procedure 
has been developed and creates three UniRef database 
like UniRef90, UniRef100 and UniRef50 (Amos el at. 
2005). Where UniRef50 and UniRef90 are build from 
UniRef100 using the CD-HIT Algorithm. A sample 
UniRef90 can found at 
https://www.uniprot.org/help/uniref .  
4. PRIDE (Proteomic ID Entification Database): It 
was developed at the European Bioinformatics Institute 
(EBI) with Mass Spectral based proteomics 
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experiments. Because Mass Spectral is currently most 
preferred technology for the identification of protein 
(Lennart et al., 2005, Philip et al., 2008) and increased 
exponentially in last few years. PRIDE stores various 
kinds of information based on MS and MS/MS mass 
spectra, Protein Identification (IDs) and any associated 
meta data of protein (Juan et al., 2010). It also able to 
capture details about post transcriptional modification 
found in peptides. Important features of PRIDE is 
allows data to be in private while anonymously sharing 
it with journal such as Nature Biotechnology, Nature 
method. PRIDE is tool for large scale data mining by 
using the PRIDE BioMart interface available at 
https://www.ensembl.org/biomart/martview/7b47dd44c
579d289aebba4ebfab50a3a. It is possible to retrieve 
data from PRIDE with other sources. It is combined 
with database of UniProt (Amos el at. 2005) and IPI 
database (Kersey et al., 2004). Currently RIDE contains 
16,208 Experiments, 4,779,159 Identified Proteins, 
23,983,608 Identified Peptides, 3,260,938 Unique 
Peptides and 137,449,442 Spectra. Most important 
improvements in PRIDE is that, it is possible to submit 
files containing fragment, ion annotation on MS/ MS 
and visualized these annotations by ‘PRIDE Spectrum 
Viewer’. The PRIDE team developed Microsoft Excel 
workbook which allows the required data to be collated 
in a series of relatively simple spreadsheets by 
automatic generation of PRIDE XML at the end of the 

process (Philip et al., 2008). The more information 
about are available at https://www.ebi.ac.uk/pride/.  
5. InterPro:  InterPro is an integrated type of 
documentation resource for protein functional sites, 
families, its domains and the major protein signature 
databases into umbrella of one resource (Lennart et al., 
2005;  Sarah et al., 2009). These include the database 
such as PROSITE, Gene3D, PRINTS, TIGRFAMs, 
ProDom, SMART, PIRSF, PANTHER, 
SUPERFAMILY and SUPERFAMILY (Lennart et al., 
2005). The number of entries and coverage of protein 
space by InterPro is continuously increasing. The data 
release in 1999 contained 2423 entries, while the 2004 
release of the database contain 11007 entries, that’s 
fivefold increase in five years (Nicola et al., 2005). The 
application of InterPro ranges of biologically important 
areas like automatic annotation of protein sequences 
and genome analysis (Margaret et al., 2002). InterPro 
covered around 66% of all protein in TrEMBL and 
Swiss-Prot, and this has increased to over 90% for 
Swiss-Prot, 76% for TrEMBL for UniProt (Swiss-Prot 
and TrEMBL). InterPro covers 67 percent of the protein 
from complete genome database (Margaret et al., 
2002).   
Major sequences databases like UniProtKB, UniMES 
and UniParc signature. The number of proteins 
matching signatures from InterPro and those matching 
the full set of member database signatures are shown 
below in Table 2 (Sarah et al., 2009). 

Table 2: Different database comparing number of proteins, number of matches, and member database 

signatures with InterPro. 

Sequence 

Proteins numbers 

in database 

 

Number of proteins 

>0  Matches to InterPro 

Protein number with 

>0 Matches combined Member 

Database signatures 

UniProtKB or Swiss-Prot 397539 369830(93.0%) 379897(95.6%) 
UniProtKB/TrEMBL 6212793 4628221(74.5%) 4894258(78.8%) 
UniProtKB (Total) 6610332 4998051(75.6%) 5274155(79.8%) 

UniParc 17718252 12211006(68.9%) 13290858(75.0%) 
UniMES 6028191 4132464(68.6%) 4461935(74.0%) 

 
The InterPro having cross-references with various 
databases which shows huge data crossing entries is 
described in Table 3. Many features have been added 
into the InterPro database since publication in Nucleic 
Acids Research in year 2003. This includes InterPro 
Domain Architectures Viewer, additional protein match 
views, the, taxonomic range information, additional 
database for 3D structure information (Philip et al., 
2008). The release of InterPro version 31.0 is on 9th 
February 2011 with 21185 entries, representing active 
sites 97, binding sites 65, conserved sites 615, domains 
5936, family 14194, PTM 262 and InterPro cites 32331 
publications in PubMed. The recent update of this 
database with version InterPro 92.0  in 2022 gives 
additional feature with 291 InterPro entries, 359 new 
methods integration and 38349 21185 entries. This 
database is available at 
https://www.ebi.ac.uk/interpro/release_notes/ .  

 

 

Table 3: Number of InterPro and cross-references. 

Type of Database InterPro Entries 

i. UniProtKB 13131 
ii. BLOCKS 6134 
iii. CAZy 119 
iv. COMe 204 
v. IntEnz 2336 

vi. IUPHAR 
receptor 

113 

vii. MEROPS 548 
viii. PROSITE doc 1479 

ix. Pfam Clans 1544 
x. PANDIT 7702 
xi. CluSTr 6818 
xii. IntAct 135 
xiii. GO 7131 

xiv. MSD site 1313 
xv. PDB 68021 

xvi. SCOP 6537 
xvii. CATH 6212 
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6. ProToMap: Is a completely automated method of 
protein classification by its sequence and searches for 
similarities by detecting group of homologous proteins 
and high level structures and group of related clusters. 
ProToMap not use multiple sequence alignments but 
need to do algorithm for performance of analysis. The 
first step for the identification of groups related clusters 
belongs to same group for strongly connected. 
ProToMap is strongly connected with the SWISS-
PROT and is based on the analysis of the database 
protein sequence. The analysis based on comparisons of 
SWISS-PROT and TrEMBL and can accessible 
https://protomaps.com/.   There are many search 
methods available, from simple keyword through 
accession number to name of the protein. Essential 
method is that we can classify protein sequence by 
submitting and comparing it with existing protein 
clusters (Michal et al., 2007). 

7.  International Protein Index (IPI): It was launched 
in 2001 and it provides better guide to the main 
databases which describe the proteomes in higher 
eukaryotic organisms. Important features of 
International Protein Index are to maintain a database of 
cross references between the primary and secondary 
data sources, this provides minimally redundant were 
that’s allow the tracking of sequences in IPI between 
International Protein Index releases. IPI was updated 
each month in accordance with the latest data released 
by the primary data sources till 2011(Lennart et al., 
2005). The following Table 4 describes the IPI version 
(Arabidopsis, 3.77), released on Tue, 18 Jan 2011as in 
Table 4 and currently the database in merge with 
UniProt Knowledge Base, Ensembl and Ensembl 
Genomes projects.

Table 4: Total number of IPI entries and Compositions of IPI entries in Arabidopsis. 

A. IPI entries Numbers 

i. Number of entries in IPI 37064 
ii. Entries referenced by IPI 118296 

iii. References to UniProtKB 51548 
iv. References to RefSeq 33402 
v. References to TAIR Protein 33346 

B. Composition of IPI Numbers 

A. IPI entries 

i. Pointing only to UniProtKB 5805 
ii. Pointing only to RefSeq 12 

iii. Pointing only to UniProtKB, RefSeq 84 
iv. Pointing only to TAIR Protein 24 
v. Pointing only to UniProtKB, TAIR Protein 19 

vi. Pointing only to RefSeq, TAIR Protein 493 
vii. Pointing to UniProtKB and RefSeq and 

TAIR Protein 
30631 

 

For identification and searching IPI in a database 
identifier (e.g. P50238, IPI00015171 or 
ENSP00000332449) are to be mentioned to retrieve 
matching entries from all current IPI dataset's. IPI 
history search are another features which helps to track 
deleted and secondary structure identifiers (e.g. 
IPI00030830) from past version IPI database. The more 
information can available on 
ftp://ftp.ebi.ac.uk/pub/ebi/ftp/pub/databases/IPI. 
8. RESID: RESID is produced by John S Garovelli. Is 
a structural database of protein with comprehensive 
collection of annotations, structures for protein, post 
translational modifications including C terminal and N 
terminal modification and peptide chain cross link 
modifications. It includes systematic and frequently 
atomic formulas, observed alternate names, and 
weights, keywords, enzyme activities, taxonomic range, 
literature citations with database cross-references, 
molecular models and structural diagrams. The RESID 
was constructed in 1993 and first time publically 
released in 1995 with 181 entries (John et al., 1999) 
where in 1998 it was made available on the web site 
first with graphical model components. In 2000 
production of the RESID database of protein structure 
modifications also started at the Advanced Biomedical 
Computing Center of the National Cancer Institute 
Frederick (John 2004).  

RESID is the only publicly available database contains 
more than 260 structural and regulatory modifications, 
active site prosthetic modifications, visual display and 
molecular models of post-translational modifications. 
RESID Database maintains concurrent cross references 
to the PIR International Protein Sequence Database, the 
Chemical Abstracts (CAS), the MEDLINE citation 
database and PDB (John 2004). This can be searched by 
entry code or other unique identifier, citation, by name, 
keyword or feature text search with molecular weight 
search, or from selection lists based on encoded amino 
acids. The RESID frequently updated and distributed on 
at http://www.ebi.ac./RESID/. 
9. Phytoprot: Is a advance database of plant 
proteomics evolved to the number of protein which 
increases regularly in plant protein sequence, it can 
promote study and production of functions of different 
plant base protein, differentially orthologues forms 
from paralogues, delineating characteristics sequences, 
building phylogenetic reconstructions and also 
functional annotation can predict in that clustering. In 
these clustering databases the complete proteome of 
Arabidopsis thaliana and all the available sequence 
from the other databases are grouped and build an 
clusters which make a database called as PHYTOPROT 
(Mohseni-Zadeh et al., 2004). The protein sequence of 
Arabidopsis thaliana are retrieved from EMBL 
proteome site http://www.ebi.ac.uk/proteome and other 
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plants protein sequence information from TrEMBL 
databases and SWISS-PROT for plant based protein. 
Before the end of 2003 a new sets of comparisons will 
be to PHYTOPROT which consist of the Arabidopsis 

thaliana proteome compared against it, which should be 
useful for the study of the numerous multigenic families 
in protein plant kingdom.  

CONCLUSIONS  

Recent developments in protein research databases such 
as SWISS-PROT, CluSTr, Universal Protein Resource, 
UniRef, PRIDE, InterPro, ProToMap, International 
Protein Index, RESID, and PHYTOPROT, have 
expanded the scope of protein research. These 
databases provide crucial information on protein 
structure and function, and have become a valuable 
resource for protein identification, prediction, and 
annotation. UniProt has been recently updated to 
provide more detailed information on protein isoforms 
and their functions, as well as protein-protein 
interactions (The UniProt Consortium 2021). In 
addition, InterPro has been updated to provide more 
accurate and comprehensive protein domain 
predictions, while RESID has been updated to include 
new post-translational modifications (Mitchell, 2019, 
Huang, 2020). Moreover, new databases have emerged, 
such as the Protein Data Bank (PDB), which provides 
high-resolution 3D structures of proteins, and the 
Human Protein Atlas (HPA), which provides detailed 
information on the expression and localization of 
human proteins (Uhlén, 2015 and Burley, 2021). The 
availability of these databases has led to significant 
advancements in protein research, and has accelerated 
the discovery of new drug targets and biomarkers for 
diseases. In conclusion, these databases continue to 
play an important role in facilitating protein research 
and advancing our understanding of the biological 
world (Burley, 2021). 
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