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Abstract

The recent advancements in computational software has increased the chance for the identification of available gene
number present in the genome of different organisms. In-silico approach also facilitates to characterize hypothetical proteins
with respect to their structure as well as function. These approaches lead the annotation of vaccinia virus genome and to explore
many hypothetical genes. This study is designed to estimate the effects of one of the hypothetical protein of vaccinia virus. It
exhibit conserved domain of PHA02934 superfamily and its homologues reviled this hypothetical protein a putative apoptotic
inhibitor. Secondary structure elements of modeled protein showed a maximum number of random coils (46.46%) with alpha
helix (24.34%) and extended strands (29.20%) with high frequency of negatively charged amino acids. The 3D structure
prediction revealed the presence of functional BH3 domain having same confirmation in its closest homologue.

Key words: Vaccinia virus. Hypothetical protein, PHA02934, Protein Modeling,

Full length article: Received: 19 Jan, 2016 Revised:10 Feb, 2016 Accepted:10 Feb, 2016 Available online:20 Feb, 2016
Affiliations of authors: ‘Institute of Biochemistry and Biotechnology, University of the Punjab, Lahore, Pakistan

’Department of Biochemistry & Molecular Biology, University of Gujrat, Gujrat, Pakistan, *Department of Pathology, NSMC,
University of Gujrat, Gujrat, *Punjab AIDS Control Program, Molecular Diagnostics Section, Jinnah Hospital, Lahore, Pakistan
*Corresponding Author: dr.naveed@uog.edu.pk

1. Introduction

Vaccinia viruses belong to the class of poxvirus. These viruses have large linear, dSDNA genome ranges from 130 to 300
kbp which encodes >200 proteins (Broyles, 2003). Poxviruses are unique in that it replicate into the cytoplasm of the host cell
(Tolonen et al., 2001). Vaccinia virus during its life cycle forms four infectious forms. These are different in outer membranes,
intracellular mature virion (IMV), the intracellular enveloped virion (IEV), the cell-associated enveloped virion (CEV) and the
extracellular enveloped virion (EEV) (Smith ez al., 2002). It is considered that IMV is the most abundant infectious form that spread
between hosts (Smith ez al., 2002).

Despite the mild pathogenicity of vaccinia viruses, they also have their role in vaccination as well as they make their usage
in research tool (Smith ez al., 2002). It first time used to wipe out smallpox by vaccination Vaccinia viruses play major role to
eradicate the small pox disease from the world through vaccination (Smith er al., 2003) and still used as a vector for prophylactic
vaccine and cell biology study. Numeral fascinating features of vaccinia viruses put forward them as competitive candidates for
using them as viral vectors (Hruby, 1990; Smith, 1991).

Hypothetical proteins are referred as those proteins which are encoded by an orphan gene whose sequence is known but
structurally and functionally is not characterized (Bidkar, 2014). Recent innovation in DNA sequencing automation techniques
reveals the bulk amount of information about the genomic sequence of various organisms these techniques provide the evidence for
the existence of a great pool of Hypothetical proteins (Eisenstein et al., 2000).

Hypothetical proteins structure and function identification make their way in novel drug discovery, vaccine production and
in various metabolic pathways (Paul er al., 2015). Moreover, Protein structural experimental techniques usage become restricted
because of much time consuming, high-cost nature and lack of expertise and instrumentation (Feng et al., 2011). Bioinformatics
Tools provide a base for finding of Hypothetical protein’s structure and function by Homology modeling or domain homology
searches with the help of various improved algorithms and software’s (Rambabu et al., 2012). Therefore present study, used
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bioinformatics tools based on different algorithms to annotate the structural and functional features of the hypothetical protein of
vaccinia virus and help to understand the uncharacterized or hidden functions of hypothetical proteins.

2. Material and Methods
2.1. A couple of tools were performed in order to predict the structural and functional analysis of studied hypothetical

protein sequence (Scheme 1).
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Scheme 1: Methodology for characterization of Hypothetical protein
2.1. Sequence retrieval:

National Centre for Biotechnology Information (NCBI) (Pruitt ez al., 2009) based GenBank (Benson et al., 1994) extension was
accessed for retrieval of primary residue sequence of the hypothetical protein (Acc.No.gi|66275837|ref]lYP_232922.1)).

2.2. Sequence analysis:

Homologous sequences were retrieved, against our protein sequence, present in online database NCBI by using Basic Local
Alignment Search Tool (BLAST) (Altschul et al., 1990; Altschul et al., 1997). Furthermore, physiochemical properties’ calculations
were also made through ProtParam (Gasteiger ef al., 2005).

2.3. Secondary structure prediction:

On the basis of physicochemical properties of protein residues, secondary structures were predicted for a hypothetical protein
sequence, aided by GOR 1V server (Garnier ef al., 1996). NCBI embedded BLAST (Altschul et al., 1990) tool was used for the
retrieval of homologous sequences as well as to highlight the conserved domains (Marchler-Bauer ez al., 2014).

2.4. Homology Modeling:

The closest homologue sequence of hypothetical protein was retrieved through PSI-BLAST against Protein Data Bank (PDB)

database (Berman et al., 2000). Furthermore, the Multiple Sequence Alignment (MSA) by Clustal Omega (Sievers et al., 2011) of
the query with homologue was also performed (results not shown) to explore the conserved residues among homologue sequence.
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The 3D model was predicted, by submitting primary residue sequence to a web-based 3D model prediction tool, I-TASSER (Yang
et al., 2015).

2.5. Model Validation:

The predicted 3D models were subjected to PROVE (Pontius ez al., 1996) and ERRAT (Colovos and Yeates, 1993) in order to
validate the structural confirmations as well as by Ramachandran Plot from PROCHECK (Laskowski ef al., 1993). The 3 D model
visualization was done by PyMOL (DeLano, 2002).

3. Results and Discussion

The sequence of the hypothetical protein of Vaccinia virus, retrieved from GenBank, revealed that protein is comprised of 226
amino acid residues. The BLAST results explored the homologue sequences of this protein belonging to two superfamilies’ of
proteins; Hypothetical protein provisional and Apoptosis Regulator M11L like proteins (Figure 1).

Table 1: Relative intensity of Amino Acid residues throughout the sequence

Amino acid No. of residues % of residues
Ala (A) 6 2.7%
Arg (R) 11 4.9%
Asn (N) 18 8.0%
Asp (D) 25 11.1%
Cys (Q) 4 1.8%
GIn (Q) 3 1.3%
Glu (E) 8 3.5%
Gly (G) 6 2.7%
His (H) 3 1.3%

lle (1) 23 10.2%
Leu (L) 16 7.1%
Lys (K) 10 4.4%

Met (M) 15 6.6%
Phe (F) 7 3.1%
Pro (P) 7 3.1%
Ser (S) 13 5.8%
Thr (T) 19 8.4%
Trp (W) 0 0.0%
Tyr (Y) 18 8.0%
Val (V) 14 6.2%
Pyl (O) 0 0.0%
Sec (V) 0 0.0%

The ProtParam categorized the residues on the basis of their physicochemical properties. The molecular weight of protein was
26428.1 with theoretical pl of 4.58. The most frequent amino acids were Aspartate, Isoleucine, Threonine, Asparagine and Tyrosine
with 11.1%, 10.2%, 8.4% 8.0% and 8.0% respectively while the Glutamine, Histidine and Cysteine were present with minimum
percentages of 1.3%, 1.3% and 1.8% respectively and Tryptophan was completely absent. The sequence contains 33 negatively
charged (Asp+Glu) and 21 positively charged (Arg+Lys) amino acids. The atomic composition includes 3664 atoms having Carbon
(1167), Hydrogen (1818), Nitrogen (296), Oxygen (364), Sulfur (19) atoms with chemical formula C1167H1818N2960364S19.
Aliphatic and instability Index was 87.92 and 41.13 respectively which declared this protein as unstable. The calculated Grand
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Average of Hydropathicity (GRAVY) was about -0.247 (Table 1).

Table 2: Motif Predictions of linear residue sequence

Structural elements Number of residues Percentage of
residues

Alpha helix (Hh) 55 24.34%

310 helix (Gg) 0 0.00%

Pi helix i) 0 0.00%

Beta bridge (Bb) 0 0.00%
Extended strand (Ee) 66 29.20%

Beta turn (Tt) 0 0.00%

Bend region (Ss) 0 0.00%
Random coil (Cc) 105 46.46%
Ambiguous states (?) 0 0.00%

Other states 0 0.00%
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The findings of secondary structure predictions, by GOR IV server, were as 105 residues with maximum abundance (46.46%) were
supporting random coils to join 24.34% Alpha helices (55 residues) and 29.20% extended strands (66 residues) (Table 2). The
structure lacked beta helices, beta bridges and beta turns. The high abundance of random coils is responsible for high stability and
conservancy of protein (Neelamathi ef al., 2009)

Two conserved domains were found in studied protein sequence by Conserved Domain (CDD) BLAST search (Marchler-
Bauer et al., 2011). It declared M11L domain (pfam11099) a non-specific hit against our query (69-225 residues)
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Table 3: Protein Homologues with closest hits by using BLASTP

Accession ID Similar hits Query Cover E-value Identity
P68450.1 AAQ93136.1 452 100% 6e-159 99%
AIX99157.1 AIX99362.1 451 100% 2e-158 99%
AAW23437.1 AAW23719.1 450 100% 2e-158 99%
ABDY98510.1 AEY72848.1 450 100% 2e-158 99%
Q9JFF2.1 AAF33891.1 449 100% 7e-158 99%

Table 4: Protein homologues found in PDB through BLAST

GI Number PDB ID Score Query Cover E-value Identity ‘
192988273 2VTY_A 336 74% 4e-117 98%
645985629 2D2L A 334 74% 2e-116 97%
645985632 2D2M A 330 74% 7e-115 96%
783283464 SAJK_A 311 72% 7e-108 93%
783283460 SAJ_A 309 72% 6e-107 92%

with E-value 2.31e-52 (Table 4). This domain is responsible for an apoptotic regulatory function to modulate the apoptotic cascades
and ultimately favors viral replication. M11L inhibits mitochondrial-dependent apoptosis by competing and mimicking the host
proteins for blocking and binding with Bax and Bak, the key apoptotic factors (Douglas er al., 2007). The specific hit explored by
CDD-BLAST results was Hypothetical protein provisional (PHA02934 superfamily) with E-value: 1.45e-136 [Pssm ID: 165245,
Accession No. c119668]. This domain covers 1-225 residues of our protein sequence (Figure 1).

Query seq.

Specific hits PHAO2934

Mon-specific

hits

Superfanilies M11L superfamily
PHAO2934 superfamily

Fig. 1. Results found by Conserved Domain Search (CDD) using BLAST

The closest homologue obtained from BLASTP results was the Protein F1 of Vaccinia virus (Table 3). It also contains the
same PHA02934 conserved domain. This protein interacts with pro-apoptotic BCL2L11 protein (a host protein) via BH3 domain
and favors the viral replication by inhibiting apoptosis of infected cells (Kvansakul ez al., 2008). BLAST search against PDB also
provided a 3D structure of Anti-Apoptotic F1 protein (GI: 192988273) of Vaccinia Virus (Table 3). Five proposed structural models
from I-TASSER were further evaluated by different software. ERRAT evaluated one of the models with 95.872 overall quality
factor and also approved by PROVE on the basis of Z-score value (0.44). Ramachandran plot proposed by PROCHECK (Figure 2)
shows that majority of amino acid residues lies in the regions of highly, moderately and less stable confirmations, except following
four residues, Met[4], Cys[7], Tyr[58] and Tyr[223], that lie in forbidden regions of plot.
The 3D visualization of hypothetical protein explored that the structure is only comprised of alpha helices, random coils and
extended strands (Figure 3a). The structure was superimposed with closely related F1 protein (2VTY_A) to check for helices
orientations (Figure 3b). The superimposed model revealed that functional domain (BH3 binding site) carries similar orientation in
hypothetical protein as in F1 protein (Figure 3c), while the non-overlapping residues form extra helices and loops away from
functional BH3 binding helix and do not hinder its function (Figure 3b).
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Fig. 2. Ramachandran Plot of hypothetical protein residues (Red region= highly stable confirmation, Yellow region= moderately
stable confirmation, Skin region= less stable confirmation, White region= forbidden area)

(@) (b)

Fig. 3. (a). 3D model of a hypothetical protein of Vaccinia Virus. (b) Superimposed structural view of a hypothetical protein
(white) with F1 protein (Cyan) of Vaccinia Virus with the non-overlapping region of the hypothetical protein. (c) a close view of
overlapped conserved domain.

The structural based functional annotation of hypothetical proteins is very much helpful for recombinant technologist in
vector designing strategies to eliminate the unnecessary sequences from vector construct and to make the room for exogenous DNA.
These in-silico studies can let a researcher know the pros and cons of lab work prior to characterizing an unknown protein sequence
and ultimately urges for a directed research to become a competent researcher.
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