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Abstract

C

ompletely sequenced organisms have some uncharacterized proteins that are gene-encoded
products. These proteins can be predicted through in-silico approaches and their biological
activities are not proved by experimental evidence and known as hypothetical proteins (HPs).
These proteins are important due to their excessive involvement in different cellular and signaling
pathways. Structural and functional characterization of HPs reveal crucial roles in microorganisms,
especially in pathogens related to human diseases. Here, we discussed all possibilities of in-silico analysis
tools and other recently reported methods for hypothetical protein characterization and biomedical
applications, including drug and vaccine development. Different methodologies, including metaproteomics have been used to study protein expression by identification of HPs and comparative genomics
have also come under observation due to the emergence of evolutionary study among different organisms.
Structural characterization of proteins acts as a base for their functional prediction, novel drug target
identification for disease treatment, vaccine production and sero-diagnosis. HPs have played major roles
in different vital phenomenon for life including host adaptation, wound healing and chemotaxis. In the
current era of drug and antibiotic resistance, HPs can be novel targets to treat related diseases.
Identification and characterization of most HPs are under observation and will be the most promising
genomic and bioinformatics techniques in structure-based drug designing and vaccine production in
future.
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Introduction
Proteins are diverse biomolecules which are involved in
almost all the biological processes of an organism. They
provide both specific structural and functional analogy
to an individual. The knowledge of proteins has been
accomplished via biochemical and genetic experiments
[1]. Classification of proteins has been done based on
their structure, functions, physiochemical properties
and especially on their contribution to metabolic
pathways. Current advances in biological techniques
have led to the rapid sequencing of microbial genomes
and multicellular organisms, paving the way in rapid
characterization of genes and their protein products
[1,2]. But there remains many uncharacterized genes
and their products known as hypothetical proteins
(HPs) [3].
A hypothetical protein is defined as the gene or its
product that is predicted to be expressed from open read
frame (ORF), but there exists no evidence of translation
from that ORF experimentally. The existence of such
proteins can be merely predicted by computational tools
[4,5]. Some proteins are either analogous to proteins
having unknown function, so referred as “Conserved
Hypothetical” proteins. The genomic projects retain
several proteins with unknown functions. The ratio is
about up to 30 - 40% of the unknown proteins in
prokaryotes and countless in animals and plants. It has
become essential to characterize HPs through different
approaches which can provide evidence of these
proteins
performing
indispensable
roles
in
microorganisms and multicellular organisms [6].
Our current knowledge on gene functions lags behind
the DNA sequencing of organisms. As more and more
organisms are being sequenced, the burden of assigning
functions to genes is increasing. DNA sequencing of an
organism is more important when genes of an organism
are assigned to their functions. About 30% of genes in
newly sequenced microorganisms are HPs. Many efforts
are underway to characterize and annotate function of
HPs [7]. For these reasons, along with indispensable
roles that HPs perform in organisms, their
characterization has got much attention. They perform
crucial roles in resistance development, host adaptation,
induction of chemotaxis and treatment in wound
healing [8,9].
HPs are also involved in pathogens triggered disease
development [10,11]. Characterization of HPs is
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important due to their potential applications in disease
treatments. Molecular weight, size and function of HPs
must be known not only for identification but also for
drug design and vaccine development. Information
about disease mechanisms is essential for disease
treatment due to the involvement of different HPs.
Characterization of HPs is performed by using different
advanced methods, bioinformatics, proteomics and
genomics-based approaches are the most powerful tools
in prediction and characterization of HPs in genomes.
Along with immuno-proteomics, these approaches
are effective in prediction and identification of HPs [12].
The immune-proteomics also provides a platform for
diagnosis assay and vaccine development. After in-silico
analysis of HPs, biochemical characterization is
necessary, and it can be carried out through different
chromatographic techniques experimentally [1]. Most
HPs have the potential applications in drug design,
elucidation of disease mechanisms and pathways, where
structures and functions are clearly identified. Structural
prediction of HPs is carried out by X-ray crystallography
and nuclear magnetic resonance (NMR), while in-silico
approaches use various online software and databases.
For precise and accurate structure analysis, X-ray
crystallography patterns and NMR spectroscopy are
used frequently [13].
Function prediction is an ultimate goal for almost all
uncharacterized proteins. It is important to assign
functions to uncharacterized ORFs, and in
understanding the roles of HPs in metabolic and disease
pathways. For functional prediction, different homology
techniques are used, where function is annotated based
on gene family or conserved regions, species
evolutionary relationship. Two such methods are
discussed here are: Clustral approaches and comparative
genomics. After characterization, computational
verification is done by using bioinformatics tools. HPs
are being explored for biomedical applications; in
understanding disease mechanisms, drug design and
vaccination. Microbial life is being explored to identify
potential targets in the era of antibiotic resistance. As
pathogens show resistance against many antibiotics
available, so new potential targets are needed to
overcome pathogen resistance.
In the previous study, structural and functional
annotation of different HPs was carried out by means of
several experimental and bioinformatics-based
approaches. The aim of this review is to characterize the
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HPs, using different bioinformatics and biochemical
approaches to ensure their extensive roles in
microorganisms. It also addresses that how this
characterization has been proved helpful in correlating
HPs with different diseases and their treatment. After
complete characterization, role of HPs as drug target
and structure development for drug designing come
under focus due to requisite applications in disease
treatment.

Methods
Search Strategy and Selection Criteria
A well-ordered search was conducted by operating
Google scholar and science direct web browser,
providing keywords “databases and tools for
hypothetical proteins characterization”, “Role of
hypothetical proteins”, “hypothetical proteins and
experimental techniques”, “tools for structural and
functional annotation of hypothetical proteins”,
“applications of hypothetical proteins” etc. The
literature is then analyzed and screened further
according to peculiar contents. In this study, 68 research
articles were selected.

Discussion
Characterization of HPs
HPs are uncharacterized gene or gene products and have
no significant homology or similarity with any
characterized genes or gene products. These genes are
predicted by sequencing programs for example,
GLIMMER is a sequencing program that finds >97% of
genes annotated in literature, but a significant portion of
genome have genes that are predicted by software with
no homology available in the online databases e.g. NCBI
with BLAST analysis. Due to no homology, these genes
are considered unique and may catalyze unique
functions [5]. During past a few decades,
characterization of such proteins is under focus for
disease treatment by using experimental and
bioinformatics tools [14]. For example, the Helicobacter
pylori genome sequence has been commenced in 1997
with 26,695 strains of it. It was shown that its circular
chromosome poses 1,590 ORFs that are protein coding
regions. From this analysis, it was thought that there is
minute region of ORF whose function is unknown. After
the long term analysis of its 36 sub-species, it was known
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that, out of 60,000 genes and translated region, 40%
(23,161) are functionally unidentified [15].
Proteomics based identification of HPs expression
From the beginning, there were no evidences for genes
expression related to HPs. So, the first step in
hypothetical protein characterization is to investigate
the expression of genes also termed as hypothetical.
Among many methods of HP expression investigation,
such as mass spectrometry, proteomics approaches
including bottom-up and short-gun approaches.
Proteomics and mass spectrometry helps in
identification of HPs being expressed in an organism.
Accurate Mass and Time (AMT) tag MS proteomics
methodology is a proteomic approach based on mass
spectrometry [16]. It is relatively easy as it has peptide
database and uses mass spectrometry for HP
identification [5,17].
A study conducted by [5] for protein investigation of
S. oneidensis reveals that MR-1, Mass and time (AMT)
tag MS proteomics methodology has been used not only
for identification of HPs expression but also their
cellular locations by recognizing their peptide signals.
Protein lysate is subjected to trypsin for protein
digestion which is subjected to MS. After MS coupled
chromatography analysis, series of software are applied
to identify peptides that are expressed by hypothetical
genes. On the other hand, bottom-up is the approach
for protein analysis at the level of peptides, known as
short-gun proteomics. In shot gun method, the mixture
of peptides is fractionated and subjected to LC-MS
analysis. Identification of peptides takes place by
comparing the velocipede mass spectra obtained from
fragmentation along with mass spectra generated from
in-silico digestion posture of a protein database [17].
Meta-proteomics not only gives identification but also
characterization of the HPs via short-gun method.
Recently, it has revealed gene composition in the gut of
micro biota for human gut system. But information is
still insufficient about gene types, functions and
expression. For it, number of protein and peptide-based
databases are available for prediction analysis via short
gun method. HPs are identified by comparing with the
reference databases. About 80% of HPs show similarity
with reference sequences present in database and hence
the function is predicted by comparison [18].

Advancements in Life Sciences | www.als-journal.com | May 2018 | Volume 5 | Issue 3

75

You’re reading

Annotation and curation of hypothetical proteins: prioritizing targets for experimental study

Biochemical characterization
After
identification
of
HPs,
biochemical
characterization is another basic and major step in HPs
characterization. As it provides information about
amino acid sequence, protein molecular weight,
physiochemical properties and stability, and protein
function. Km, Vmax, and Kcat values are also
determined by biochemical analysis of proteins. For
biochemical characterization, it is important to separate
proteins from the mixture. It was done by different
chromatography techniques i.e. affinity or ion exchange
chromatography or gel electrophoresis can be
additionally utilized for this purpose. Identification of
protein expression by proteomics and MS gives result in
form of peptides. These peptides are then used for
biochemical
activities
[7,19].
Biochemical
characterization can also be done by using cloning and
expression of recombinant genes in vectors followed by
protein purification and biochemical testation
procedures.
Biochemical characterization is done to annotate
general functions of proteins (proteases, phosphates,
kinases etc.). Biochemical characterization of [7] H.
pylori HPs was tested by gold nanoparticles bounded
substrate. Different HPs were subjected to attach their
respective substrate. In this way, the general function of
HPs is determined (Table 1) but now most of the
biochemical and biophysical characterization are
performed by different bioinformatics-based tools
(Table 3).
Structural prediction of HPs
Structural analysis of a protein is important for studying
its different parameters. For example: conformational
changes, rotation of bond angles along the axis, binding
to its target and protein activity [20]. Like biochemical
characterization, structural and functional prediction of
proteins also includes experimental and in-silico
approaches [21,22]. Two familiar experimental
approaches are involved in the structural determination
of HPs: X-ray crystallography and NMR [23]. X-ray
crystallography determines structure on basis of
diffraction pattern. Pre-requisite for this technique is to
crystallize protein by addition of solvent (2-metyl, 2,4
Penta-diol: an organic salt) after its purification [20].
NMR spectroscopy has been used in determination of
protein folding and protein dynamics. This technique
utilizes the magnetic properties of atomic nuclei. For
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protein structural determination, the N and C termini
are labeled and are resolute by different spectrum such
as NOESY/COSY, utilized in relation with
ATNOS/CANDID/DYANA software for the tenacity of
3D structural analysis of HPs. Knowing that, 3D
structural analysis of hypothetical protein by X-RAY
and NMR is difficult to perform and time-consuming
with the advantage of accuracy and precision [23].
After successful experimental analysis, it is easy to
know the structural and functional relationship of
protein by comparing its structure to different structures
present in a database. This method uses different
software that are based on certain bioinformatics
algorithms [20]. Alone bioinformatics can also give the
structural prediction of protein on basis of high
sequence identity and other parameters. By comparing
the sequences, one can deduce protein structure, its
evolutionary relationship and its respective family [24].
Majority of online tools are based on sequence-based
structural and functional analysis, which means that
sequence of a protein is necessary to predict the
structure of that protein. Several HPs of different
pathogenic organisms such as bacteria and viruses that
are responsible for causing diseases in higher organisms
including human beings are well characterized
structurally by means of two basic approaches as
described above. Few examples of proteins whose
structures are experimentally characterized and are also
confirmed by PDB database given in Table 2 [15,23,25].
Functional prediction of HPs
The ultimate goal of a hypothetical protein
characterization is function annotation or assigning a
function to gene. Function prediction has got
importance in pathogens for medical prospective. For
example, genome of Mycobacterium tuberculosis
contains 50% unknown proteins with uncharacterized
structure and function. It has pro-glu and pro-pro-glu
proteins family which are HPs [26]. Functional
prediction of these HPs is very important. It helps to
understand more precisely about disease causing
pathogens and help scientists to design drugs and
antibiotics more accurately. Functional prediction also
includes the study of drug resistance, improved
biosynthetic pathways as well as targeted antibiotics
[27]. Bioinformatics have revolutionized the functional
annotation of HPs. Bioinformatics tools based on
certain algorithms use different strategies to predict
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protein function, their sub-cellular locations and
physiochemical properties.
Here we discuss, function annotation based on 3D
structure, Clustral approach, comparative genomics and
different tools used in bioinformatics for functional
prediction of HPs [28,29]. 3D structure of HPs can help
in function prediction of such proteins. During the
process of evolution, folding patterns remain conserved.
These conserved patterns are hints to predict functions.
Structure based comparison is even helpful when
sequence-based comparisons are futile. Structure based
comparisons find homology between proteins of known
function and HPs. For example, an HP named, MJ0577
from Methanococcus jannaschii contains a 1.7Ao ATP
binding domain, predicting that MJ0577 is an ATPase.
Other HPs of this family also contain same motif or ATP
binding site. So, it was concluded that a same function is
performed by all members of this family [25].
Clustal approaches
Clustal approach is used for the functional annotation of
HPs present in prokaryotes. Prokaryotic organisms have
usually single chromosome and most of the genes are
polycistronic, found in clusters. Each cluster contains
genes for different proteins. This approach is based on
fact that genes of a single cluster or Run are involved in
similar functions. Run is a cluster of genes in prokaryotic
chromosome, that occur in same strand and gap
between these genes in a cluster is about 300bp, and a
pair of genes in a ‘run’ is known as ‘close’. It means that
any gene from a cluster has the similar function to others
genes of that cluster [29]. This approach has been used
in function annotation of E. coli hypothetical protein. It
belongs to cluster having genes: pgm (2,3- bis,
phosphoglycerate
independent
phosphoglycerate
mutase, EC 5.4.2.1), pgk (phosphoglycerate kinase, EC
2.7.2.3,
gap
(glyceraldehyde
3phosphate
dehydrogenase, EC 1.2.1.12), tpi (triose phosphate
isomerase, EC 5.3.1.1) and eno (enolase, EC 4.2.1.1). All
these genes are involved in the transcription regulation
functional annotation to HP [30]. This hypothetical
protein shows homology to the hypothetical
transcriptional regulator of Bacillus megaterium
predicting correct functional identification [21].
Evolutionary conserved genes are successful in
prediction of protein function. Orthologous genes retain
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their function in different species in course of evolution
due to the common ancestor. Orthologous coexpression is a way to predict the function of conserved
proteins [31]. Clustral approach is used to build
database for clusters of orthologous group (COG), as the
coupling of function to members of genes in a cluster
[29]. Orthologous co-expression is related to proteinprotein interaction (PPI), where two different
organisms are studied on basis of protein synthesis,
came from a common ancestor (Figure 1) [30].

Figure 1: Orthologous co-expression relationship between two
organisms (A and B) in term of Clustral approaches.

Comparative genomics
Conserved HPs are found in organisms of different
phylogenetic lineage [8]. Comparative genomics is the
study of genomics to evaluate the relationships between
genomes of different species. The concept of
comparative genomics is based on assumption that a
group of proteins that function together is also evolved
or eliminated together, during evolution. So, evolution
linked proteins are either eliminated or preserved in
next species. Proteins which show homology in different
species are functionally linked [29]. Different
fluctuations in environment may have the effect on each
protein, produced in the body. Thus, reducing the
efficiency of natural selection increases fix presumption
of all mutations, including that are strongly deleterious
on verge [32]. Mutation in HP may have a negative
effect, causing diseases in the body.
To know the phylogenetic linkage, we create a
phylogenetic profile of organisms that contains
homologs proteins. These profiles are used to get
phylogenetic linkage between different proteins. Those
with similar profiles are functionally linked without
knowing the amino acids sequence of proteins. So,
without amino acid sequence, the function of HPs can
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be annotated by this method [29,33]. For example, a
mutation of tc0668 gene of hypothetical protein in
chlamydia muridarum; a murine model of human
urogenital C. trachomatis having severe disease in the
upper genital tract of female mice. The mutant contains
a TC0237Q117E mutation which increases in-vitro
infection. The genetic assay reveals that a nonsense
mutation in G216* of about 408 amino acids does not
produce an observable product. In the absence of
Tc0668, intracellular growth and infection caused by C.
muridarum are unaffected. Thus, TC0668 is
demonstrated as exigent chromosome that encodes
urogenital bug factor of C. muridarum [34]. A tool used
to create the phylogenetic tree is MEGA (Molecular
Evolutionary Genetics Analysis). It uses multiple
features i.e. aligning sequences, estimating evolutionary
distance, build phylogenetic tree, marking gene domains
and compute sequence statistics to create phylogenetic
Tree [35].
Studies of auxotrophic mutants claims that conserved
HPs are essential for survival [29]. X-Ray and NMR
spectroscopy studies reveal the function of HPs that
causes mutation in an individual. On the basis of it there
are two types of HPs: unknown-unknown and knownunknown. The former is that in which prediction of
biochemical activity is not known while later means the
prediction of biochemical identification takes place
[8,34].
Bioinformatics-based analysis
Bioinformatics-based tools and algorithms are replacing
most of the wet lab experiments in predicting functions
of HPs. Bioinformatics tools process function prediction
starting from sequence retrieved from NCBI or UniProt
database, physicochemical characterization of proteins,
finding subcellular locations and functional prediction
(Table 3) [28,36,37].
Computational verification
After successful structural and functional analysis of HP,
it is necessary to verify the structure and function.
ERRAT, Procheck and Ramachandran plot are basic
bioinformatics tools for computational verification of
3D predicted structures of proteins. ERRAT is an
algorithm for protein structure verification used to
evaluate the structure obtained from crystallographic
technique [38]. On basis of stereo-chemical quality,
Procheck analyzes protein structure by its geometric
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analysis and produces a number of plots that give an
overall assessment of the structure quality as compared
to well-refined structures of the same resolution. It also
highlights those regions that may need further
investigation [39].
Ramachandran plot uses computational models of
small polypeptides with variable psi and phi angles to
find stable conformations. For stable conformation, an
individual structure was analyzed for close association
between atoms. So, phi and psi angles that cause
collision among atoms correspond to sterically
disallowed conformations of the polypeptide backbone,
Mostly, it is used for verification of secondary structures
e.g. alpha-helix and beta-sheets [40].
Roles of HPs
Characterization of hypothetical protein revealed that
HPs play vital roles in different organisms. HPs are
involved in specific pathways, regulating different
mechanisms in the body. Of these several roles, some
most important roles are as follow:
Role in host adaptation
The host adaptation is the capability of the pathogen to
troll and infect the host and cause diseases. The absence
and presence of HPs show the relationship with host
adaptation. For example, assembly of Mycoplasma
depends on pan domainome which is not correlated
with the host cell. Pan domain is an apple like domain
having functional utility among the protein-protein
interactions. The collation between pan and core
domainome of mycoplasma with the minimal synthetic
organism. JCVI-Sync3.0 evaluate it in order to
determine the role of hypothetical protein in host
adaptation as well as synthetic minimal life. A synthetic
organism is ''artificial organism'' that can reproduce,
exist and maintain itself having properties like living but
they can't imitate life so also called ''minimal cells'' [41].
By comparing the domainome of mycoplasma with
JCVI-Syn3, it is commenced that all domains that are
present in mycoplasma also exist in a minimal synthetic
organism and show host specific relationship [42].
Role as multiplex
Single HPs have conserved functional domains that
provide a prediction about the shared part and give
division with other possible domains that are not
contributed [15]. There are number of single HPs that
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have multiple roles, i.e. BPSS1356 can up and down
regulate at the same time (Figure 2).
For instance, Burkholderia is a pathogen that causes
melioidosis. It can live and survive within the host cell.
A pull-down assay determines the presence of HPs that
reveals the presence of bound hypothetical protein i.e.
BPSS1356. The deletion of this protein performs
multiple function i.e. biofilm formation and lower cell
growth. Electron microscope analysis of mutant cells
shows that the shrinkage of cytoplasm leading to
condition plasmolysis Membrane transporters is down
regulated by the protein variation. The expropriation of
this gene also down regulated the transcription of genes
for glycerol metabolism, type 3 secretion system and
arginine diaminase. It is, therefore, BPSS1356 has vital
multiple regulatory roles [43].
Resistance development
Hypothetical protein plays a dominant role in resistance
development i.e. hypothetical protein in Cercospora
nicotianae developed resistance against their own
toxins. Cercosporin induce universal toxicity to the cell
in Cercospora. It is photo activated toxin that develops
fungus i.e. Cercospora a strong pathogen against host cell
i.e. plant cells. The toxicity is due to reactive oxygen
species formulation. Quantitative analysis of PCR tells
that there are 20 genes that encode HPs and only two of
these, 24cF and 71cR, provide resistance against toxicity
of Cercosporin. Expression and transformation of 24cF
and 71cR propose that 71cR provides crucial and
increased resistance to Cercosporin toxins as compare
to 24cF [44].

Figure 2: Up and down regulation of protein function due to deletion
of BPSS1356.
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Role of membrane HPs
There are many genes that encode HPs which perform
the vital function in the membrane. For example,
Legionella pneumophila (Lp) is a water born pathogen
which expresses the gene Ipg1659 in water. Deletion of
this gene affects the membrane integrity, tolerance
capacity and cell morphology. Due to its role Lpg1659
was given the name LasM of Legionella aquatic survival
membrane proteins. HPs act as a transporter of metal
ions and maintain integrity.
Hence hypothetical protein of the membrane helps in
maintaining integrity in water and give long term
survival [45].
Role in the induction of chemotaxis
The fundamental property of living cells is to respond to
the change in the environment [46]. Extracellular
ligands gradients are detected by cells and then lead
them to move either towards the source
(chemoattractant) or away from the source (chemo
repellent).It is known as chemotaxis [47]. HPs are
essential for the production of chemotaxis. For example,
Spirochete Borrelia burgdorferi has five chemotaxis
proteins known as MCPs (methyl-accepting chemotaxis
proteins). Out of five, one is BB0569 which is a HP with
conserved domains.
The mutation in BB0569 results in movement in one
direction
and
failure
to respond
against
chemoattractant. The BB0569 present at the cell poles
and is essential for clustering of chemoreceptors at
cellular poles. Hence, it is indicated that BB0569 has a
vital role in chemotaxis that is a distinct feature of
spirochetes [48].
Role in wound healing
The care and treatment of skin wounds is a major issue
due to health expenditures as skin wounds become
severe specially in case of clotting in dermal blood
vessels, inducing acute hypoxic condition [49]. It is the
major factor of stress that leads to remodeling of basal
keratinocytes to initiate epithelization. The lateral
migrated keratinocytes secreted an extracellular protein
known as heat shock protein 90 alpha. This is one of the
HPs involved in wound healing as they engaged low
density of lipoprotein receptors related protein-1 (LRP1) cell receptors and also work as the autocrine factor in
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order to stimulate the keratinocyte migration that is
involved in re-epithelialization. The other factor is
paracrine which builds the fibroplasia, i.e., the
stimulation of the exodus of dermal fibroblast, neo
vascularization i.e. the microvascular endothelial cell
construction. Hypoxia activate extracellular protein
(hsp90a) which act as a major regulator of skin wound
repairing [49].
Presence of HPs in pathogens
HPs are present almost in every organism even in model
organisms like E. coli, multicellular organisms and
viruses. Their presence in pathogens, and other
microorganisms have created great interest in
biomedical applications. These proteins are involved in
major metabolic and disease pathways of pathogens
related to both animals and humans. Here, we discuss
some pathogens with their HPs [14]. Helicobacter pylori
and Vaccina virus cause the gastric ulcer and smallpox
respectively in humans with respect to their HPs. H.
pylori genome sequence has been commenced in 1997
with 26,695 strains of H. pylori. It was shown that its
chromosome is circular, with 38.8% GC content and
1,590 open reading frames that are protein coding
regions. From this analysis, it was thought that there is a
minute region of ORF whose function is unknown. After
the long term analysis of 36 sub-species of this organism,
it was concluded that out of 60,000 genes and translated
region, 40%(23161) of the genes function are
unidentified ,which are translated to hypothetical
protein [15].
Similarly, Vaccina virus is a distinctive virus and
belongs to the class of poxvirus, its genome size ranges
from 130 to 300Kb containing linear and dsDNA. The
genome of vaccina virus encodes about more than 200
proteins in which 64% are identified or their function is
known while 36 % of the protein function are
unidentified and that are termed as HPs [50]. Recently,
a hypothetical protein responsible for Fanconi anemia is
FANCF1 is discovered which is an analogue to BRCA2
[48]. Aedes aegypti is responsible for the out brake of
many diseases caused by HPs present in the saliva of A.
aegypti. In recent studies, three proteins are identified
with molecular weight of 77, 58, 54, and 37kDa for
vaccine production, respectively [51].
C. trachmatis is responsible for causing trachoma and
sexual transmitted disease “Chlamydia” in human,
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contains 887 genes for protein translation. Of these, 269
are regarded as HPs, that include 24 proteins responsible
for the disease. For example, 084134 encodes for serum
resistance.084024, 084052, 084054, 084103, 084107,
084177, 084184, 084226, 084349, 084356, 084363,
084364, 084365, 084472, 084480, 084534, 084556,
084582, 084593 084654, 084671, 084700, 084721,
084749 are determined by VICMPred tool as virulence
proteins [52]. Salmonella enteritis causes typhoid fever
and illness by utilizing its hypothetical protein:HPR-27
[22].
Parkinson’s disease is caused due to the accumulation
of Alpha-Synulein as it is drawn from the ubiquitin
degradation pathway. Recent studies have shown that
hypothetical protein HP-CAB-55973 processes
ubiquitin-like motifs. Some HPs responsible for this are
known including (Q9BTE6) CGI-83 protein, (Q9Y392)
CG11334 and (Q9BV20) [53].
HPs and drug development
Drug development is a complex process which requires
potent targets having high efficacy for drug molecule
[54]. Many strategies for designing a drug are known.
But in recent years, structure-based drug designing is
one of the most convenient methods, which includes the
design of ligand considering the structure of the target.
The science of structure based drug design is influenced
and enriched by proteomics, genomic sequences and
bioinformatics, making it a promising field in drug
discovery and development [55]. Structure-based drug
design started in mid of 80s’ and now has become most
powerful tool in drug discovery [56]. A drug target can
be a protein, DNA, RNA or receptors present on the
surface of cell. Among these protein targets, HPs can be
the novel targets. Target should only be present in the
pathogen, and not in the host, so that ligand could not
block the normal pathways of the host.
In the current era of drug and antibiotic resistance,
when most of the pathogens are developing resistance,
novel drug targets are required [57]. Along with these
for treatment of many other diseases new targets are to
be searched. Bioinformatics and genomic sequencing
are major approaches in novel drug target researches.
Uncharacterized ORFs including HPs are being
explored by these approaches for drug development
[58]. Functional annotation of HPs has given bulk
information about the pathogenicity of the invader and
metabolic pathways of a pathogen that can be blocked
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COMBREX gene
COMBREX cluster
Protein Domains
Function based on
annotation
annotation
native protein and
recombinant protein

HP0267
HP0310

Cholorohydrolase
Hypothetical protein

HP0959
HP1037

Hypothetical protein
Hypothetical protein

HP1042

Hypothetical protein

Cholorohydrolase
Polysaccharide
deacetylase
Hypothetical protein
X-Pro aminopeptidase
Putative phosphoesterase RecI-like
Hypothetical protein

Amidohydro_1
Polysaccharide
deacetylase
.
Creatinase_N
Peptidase_M24
DHH phosphatase

Hypothetical protein
.
HP1079
Table 1: Biochemical characterization of 6 HPs related genes from Helicobacter pylori.
PDB

MW

Molecular
Name

Classification

Adenosine deaminase
Acetyl esterase
Acetylxylan esterase
GTP cyclohydrolase
Aminopeptidase

3.5.4.4
3.1.1.6
3.1.1.72
3.5.4.16
2.4.11.-

Phosphodiesterase

3.1.4.17

ATPase/GTPase

3.6.-.-

Experimental
Method

95692.83

2K6P

10472.30

3CWX

62332.80

1WCJ

11517.43

hypothetical protein
SG, unknown function
HP0218
Uncharacterized
Unknown function
protein HP1423
protein CagD
Unknown function
THERMOTOGA MARITIMA
HYPOTHETICAL
Unknown function
PROTEIN TM0487

AQUIFEX AEOLICUS
Hypothetical protein
Unknown function
AQ1575
Table 2: HPs of Helicobacter pylori determined by NMR and X-ray Crystallography.
1LFP

28040.65

by novel drugs [52, 59, 60]. In drug development against
infectious diseases especially antibiotic resistance
developed bacteria, major concern is proteins involved
in disease mechanism directly, and HPs can be major
targets as they perform vital roles in pathogens including
disease mechanisms called virulence factors. Virulence
factors are involved in causing virulence by pathogens
[60]. Direct involvement of these proteins in disease
mechanism make them a good target to control disease
effectively and instantly.
The process of drug development for HPs starts with
sequence retrieval and characterization of proteins
structurally and functionally by using different
bioinformatics tools (Table 3). Comparisons between
HP sequences of the pathogen, model organism and host
are done by using different softwares. These
comparisons give information about conserved regions
of proteins in host and pathogen followed by homology
comparison. Proteins having little homology with the
host are selected for further molecular docking analysis.
Docking is the process through which interaction bet

als

Disease Caused

X-ray

gastric diseases,
(MALT) lymphoma,
gastric cancer etc.
--

NMR

--

HELICOBACTER PYLORI
2EVV

Proposed EC
Number

X-ray
NMR

ALZIHMER’S
--

X-ray

Parkinson’s disease
--

-ween two compounds, ligand and target are predicted
by using computer algorithms. From docking score best
target is selected which has well defined pocket. Docking
screens for ligands in database and score according to
interaction with a target. Ligand with the best score is
tested using high through put screening in lab, if results
are positive further modifications are done to ligand and
pre-clinical trials are conducted [59].
For example, eukaryotic pathogens of genus
Leishmania, cause diseases in humans. These parasites
are limited by many factors and available drugs have
many side effects including fever, myalgia, arthralgia
and liver toxicity. In recent studies, four cytoplasmic
HPs were selected for structural and homology
comparison to host and docking analysis was performed
to select best for drug development. One of these
proteins was selected as the potential that has ligand
binding capacity and also not present in humans [59].
Recently, a research was made in the characterization of
HPs of adenovirus for possible drug targeting and
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FOR PROTEIN IDENTIFICATION
ProFound
Phenyx
MultiIdent
PHYSIOCHEMICAL DEPICTION

Predict protein sequence with MALDI-MS.
Protein peptide prediction by MS.
Protein identification with MW, pI and MALDI-MS.

ExPASY–ProtParam tool

Physiochemical and functional prediction, i.e. pI, GRAVY, aliphatic index, extinction co-efficient etc.

FOR PREDICTION OF SOLUBLE OR INSOLUBLE PROTEIN
SOSUI Server
PROTEIN-PROTEIN INTERACTION
STRING v9.1
LIGAND BINDING SITE ANALYSIS
Q-Site Finder
ADHESION PREDICTION
FungalRV
SEQUENCE SIMILARITY
BLASTP
PSI-BLAST
HOMOLOGOUS REGION SIMILARITY
ClustalW2
PROTEIN STRUCTURE SEARCH
Pfam
Pfam A
CLEAVAGE SITE PREDICTION
SignalP
SUB-CELLULAR LOCALIZATION
CELLO
HMMTOP
SECRETOME P
PRIMARY STRUCTURE ANALYSIS
REP
SECONDARY STRUCTURE CONJECTURING
TMHMM
HMMTOP
DISULFIDE BOND CONJECTURING
DISULFIND
FOR DOMAIN CONJECTURING
Conserved domain database(CDD)
INTERPROSCAN
SCOP-Superfamily
MOTIF ANALYSIS
MOTIF
MEME
TERTIARY STRUCTURE CONJECTURING
Modeller
PYMOL
SWISS-MODEL
PROTEIN FOLD TYPE ANALYSIS
PFP-FunDSeqE
PROTEIN FAMILY IDENTIFICATION
SVM-Prot
Pfam
GENE ONTOLOGY
CELLO2GO
PATHWAY PREDICTION OF PROTEIN
KEGG
FULL LENGTH ATOMIC MODEL
I-TASSER
CLUSTERING OF PROTEIN
SMART
PROTEIN MOLECULAR DYNAMICS PREDICTION
GROMACS 5.0
PROTEIN STATICS PREDICTION
EMBOOS Pep Stat
COMPARATIVE GENOMICS
MEGA
MOLECULAR INTERACTION
Auto dock Vina
MGL Tools

It determinate that the Amino Acid sequence is membrane protein, insoluble proteins, or soluble proteins
For protein-protein attraction prediction.
ligand binding site prediction
Adhesion prediction
Protein-protein sequence similarities
Protein sequence with PSSM
Compare Homologous regions
For identification of protein structure, domain and families.
Manually administrated and interpret model
Predict cleavage site in signal proteins
Assign localization
Prediction of topology of trans membrane.
Identification of protein
Prediction of protein sequence for repeats
Alpha-helix determination.
Alpha-helix determination.
Divination of disulfide bonding
For finding of domain.
Protein domain prediction.
SCOP domains in proteins.
For Motif discovery.
Delegate Function to the invented motifs.
Tertiary structure prediction
Divination of tertiary structure of proteins.
Automatic protein modeling server.
Find types of proteins folds
Functional protein family
Divination of protein family
Divination of gene ontology.
Pathway prediction
For prediction of full length atomic-model
Automatic clustering of protein sequence
Energy deprecation and molecular dynamic analysis.
Statistics for protein
Phylogenetic analysis
Ligand binding interaction with protein.
Correctly formatted ligand atoms.

Table 3: Bioinformatics tools used for HPs analysis in different fields of study
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DNA mimic protein

targeted DNA
function

targeted DNA binding
protein

year of
release

PDB
entry

pIb

MW
(kDa)

P53 transactivation
domain (residues 33−60)
(Homo sapiens)

single-strand
binding

replication protein A

2005

2B3G

3.2c

3.1c

ArdA (Enterococcus
faecalis)

Restriction

type I and II restriction
enzymes

2009

2W82

3.9

19.1

UGI (Bacillus phage PBS2)

DNA repair

uracil-DNA glycosylase

1999

1UGI

4.1

9.4

TAFII230 (residues
11−77) (Drosophila)

Transcription

RNA polymerase

1999

1TBA

4.0c

7.0c

CarS (Myxococcus
xanthus)

Transcription

CarA transcription
Repressor

2010

2KSS

4.1

9.3

Ocr (enterobacteria phage
T7)

Restriction

type I restriction
enzymes

2004

1S7Z

3.9

13.7

SAUGI (Staphylococcus
aureus)

DNA repair

uracil-DNA glycosylase

2014

3WDG

4.5

13.3

DMP19 (Neisseria
meningitidis)

Transcription

NHTF transcription
Repressor

2012

3VJZ

4.4

18.5

Gam (bacteriophage λ)

recombination

RecBCD

2007

2UUZ

5.0

11.7

DMP12 (N. meningitidis)

DNA packaging

nucleoid-associated
protein, HU

2013

3W1O

4.6

13.9

ICP11 (white spot
syndrome virus)

nucleosome
assembly

histone proteins

2008

2ZUG

4.2

9.2

NuiA (Nostoc sp.)

phosphodiester bond
digestion

nonspecific nuclease

2006

2O3B

4.4

15.1

p56 (Bacillus phage φ29)

DNA repair

uracil-DNA glycosylase

2011

2LE2

4.2

6.5

Mfpa (Mycobacterium
tuberculosis)

Topology

DNA gyrase

2005

2BM4

5.5

20.3

HI1450 (Haemophilus
influenzae PittGG)

DNA packaging

nucleoid-associated
protein, HU

2004

1NNV

4.0

12.6

Table 4: Fifteen known DNA mimic proteins, their known roles, molecular weight and other information

STEAP2 was identified as therapeutic gene target for
prostate cancer treatment.
DNA mimic; revolutionised DNA binding proteins
DNA mimic has unique factors to control the DNA
binding proteins activity by occupying its own DNA
binding sites. The sequences of these proteins are very
diverse that make it very difficult to find by
bioinformatics search. Only some of these proteins have
been reported in these days and fewer of these DNA
mimic proteins have been analyzed on the basis of their
functions (Table 4). DNA mimics resembles to HPs in
having same conserved domains [61]. Like in Neisseria,
DMP12 is a DNA mimic protein as its monomer shows
the interaction with the dimeric of histone like proteins
HU. Moreover, here is the NMB2123 is hypothetical
protein which acts as the mimic proteins i.e. DMP12.

als

Through gel filtration and analytical ultracentrifugation,
it was found that DMP is present in its monomeric form
when it interacts with bacterial histone like HUproteins. Their crystalline structure was also studied
and with help of isothermal titration calorimeter, the
binding affinity between DMP and Messenia has been
determined. Thus, the interaction between DMP12 and
Hu-protein considered as an instrument for the stability
of nucleoid in Neisseria [62].
DNA mimic proteins are able to copy a specific charge
distribution with the two negatively charged amino
acids: glutamic acid (E) and aspartic acid (D). While the
Known DNA mimic Proteins having different shapes,
structures and different negative charge distribution on
their Surface [61]. Being so important like DNA
molecules, DNA mimics perform various functions in
body including: 1) DNA repair 2) DNA packaging 3)
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Topology 4) phosphodiester bond digestion 5)
Nucleosome Assembly 6) Transcription 7) Histone
protein 8) Recombination 9) Restriction 10) Singlestrand binding [61].
Applications of HPs
HPs found its major applications in the field of clinical,
medicine, pharmaceuticals and molecular biology due
to extensive study related to bioinformatics. In the
present era, due to bioinformatics, these proteins have
been proved helpful in the development of different new
strategies and vaccines to diagnose and treat diseases
[63]. Important applications related to HPs are as follow:
Novel drug development against resistant pathogens
Drug resistance is a major problem in infectious disease
treatment and new drug targets are to be identified in
resistant pathogens. Expression proteomics and
bioinformatics tools have emerged for the study of drug
resistance. These studies of proteomics and
bioinformatics have proposed HPs as novel targets.
Using bioinformatics tools; like molecular docking,
protein-protein analysis; HPs are characterized by drug
binding in silico models [64, 65].
Vaccine production
HPs are serving in vaccine production against
pathogens. By using bioinformatics tools conserved
domains are identified, that may predict the function of
proteins. The potential proteins are subjected to
physiochemical analysis, sub cellular location analysis,
protein-protein interaction analysis. The next step is to
identify the epitope; by in silico method; that can recruit
T and B cells of the host, their functions and subcellular
locations. Highest scored HPs are then used in vaccine
production [66].
Marker for disease identification
Like HPs, expression of many proteins is up or down
regulated in different disease. As their function is
unknown, so their changing expression may be useful
for their functional determination in a specific organ.
For example, a HP of 28.5kDa is significantly
upregulated in the fetus with Down’s syndrome. HPs
may act as markers for disease or their function can be
predicted in normal and disease mechanism [67].

Serodiagnosis of proteins is an important phenomenon
to evaluate pathogenic diseases. Mostly, it gives poor
results in sensitivity and selectivity for unknown
proteins. Here, bioinformatics tools are the alternatives
to avoid this problem. For example, Tegumentary
leishmaniosis is endemic in Latin America, caused by
pathogen Leishmania Brasiliense’s: a eukaryotic parasite
[68]. The present serodiagnosis of parasite is less
sensitive and specific, making major problem in early
diagnosis of disease. During past few years, enzymelinked immunosorbent assay (ELISA) is used to evaluate
performance of pathogen by its hypothetical protein
LbHyM with poor sensitivity and selectivity. Recently,
prediction of LbHyM was done by using bioinformatics
tools including sequence retrieval, physicochemical
characterization and molecular interaction with the host
cell to cause infection [63].

Conclusion
Research is underway to understand HPs, their
structural and functional annotation as they are
important in metabolic pathways and many diseases.
HPs are being characterized, are paving the way in a
better understanding of microbial metabolic pathways,
drug development against pathogens, and disease
control strategies. Structural and computational based
drug development has revolutionized the process with
new targets. DNA mimic being resemblance to HP
performs very essential functions and their presence in
binding pockets have a crucial role at molecular level
due to charge specificity. Due to its major concern
nowadays, the proportion of HP is increasing in NCBI.
Recent advances and efforts to understand HP will bring
revolution in the biological system. In future, HPs will
find many other applications that will revolutionize the
disease treatment, diagnosis, vaccine production in
resistance developed pathogens and in development of
new fields of sciences.
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