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ABSTRACT

Trichomonas vaginalis, the etiologic agent of trichomoniasis, is an anaerobic
flagellated protozoan. Trichomoniasis marked by complications like preterm
delivery, low birth weight, and increased mortality as well as predisposing to HIV
infection, AIDS, and cervical cancer, is among the top most sexually transmitted
diseases. The genome draft published in 2007 revealed many unusual genomic
and biochemical features like, exceptionally large genome size of 160 Mb.
Hypothetical proteins are predicted gene products that have no identifiable function
assigned to them and comprise 10-60% of recognized open reading frames in
annotated genomes. The analysis of hypothetical proteins provides an opportunity
to search for novel drug targets and markers for treatment of Trichomoniasis, and
better understanding of the large genome size of T.vaginalis. The present study
shows the structural, sequential and phylogenetic analysis of a hypothetical protein
of T. vaginalis A2E4V9_TRIVA, which on modeling revealed maximum alpha
helices. The protein showed conserved domains of Rosemann and E2-binding
superfamilies which contribute in ubiquitin mediated proteolysis and also in
numerous dehydrogenases metabolic pathways such as glycolysis, and many other
redox enzymes
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BACKGROUND

Trichomonas vaginalis is an anaerobic, flagellated protozoan, a form of
microorganism. The parasitic microorganism is the causative agent of trichomoniasis,
and is the most common pathogenic protozoan infection of humans in industrialized
countries(Soper 2004). Infection rates between men and women are the same with
women showing symptoms while infections in men are usually asymptomatic.
Transmission takes place directly because the trophozoite does not have a cyst. The
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WHO has estimated that 160 million cases of infection are acquired annually
worldwide(Harp and Chowdhury ,2011). Adverse consequences to women with
trichomoniasis include enhanced risk for human immunodeficiency virus
transmission (Rein 1990) other complications resulting from infection are cervical
cancer and bad pregnancy outcomes(Cotch et al ,1997).

The T.vaginalis genome was found to be approximately 160 megabases in size –
ten times larger than predicted from earlier gel-based chromosome sizing while the
human genome is ~3.5 gigabases by comparison(Singh et al ,2012 and 2011 ) As
much as two-thirds of the T.vaginalis sequence consists of repetitive and transposable
elements(Lehker and Alderete 1999), majority of hypothetical proteins,
hydrogenosomes instead of mitochondria etc.

In an attempt to define HPs (Galperin  et al ,2004) defined conserved hypothetical
proteins as a large fraction of genes in sequenced genomes encoding those that are
found in organisms from several phylogenetic lineages but have not been functionally
characterized and described at the protein chemical level. These structures may
represent up to half of the potential protein coding regions of a genome. Prediction
of protein function, structure, essentiality and sub-cellular localization for
hypothetical proteins is an important component of protein description in genome
annotation(Ranjana et al ,2011 ).

At present, around 50,539 total proteins are present in UNIPROTKB database, out
of which 39,083 protein sequences are available as putative uncharacterized proteins
which are hypothetical proteins in the T. vaginalis proteome. This means that gene
sequence information of T. vaginalis is at minimum, on par with that of its host
Homo sapiens, since the functional annotation of hypothetical proteins is yet to be
performed.

The hypothetical proteins provide a opportunity to search for novel drug targets and
markers for treatment of Trichomoniasis, and better understanding of the large
genome size of T.vaginalis.

 In the present study various Bioinformatics tools like Blast,catch,cath  scop ,prodom,
sopma, etc were employed for an essential hypothetical putative protein
A2E4V9_TRIVA, retrieved from Unipot kb, which was analyzed to gain further
insight into its secondary structure details, composition, family and its relevant
domains and motifs. The protein’s cellular and metabolic pathways were analyzed
along with its phylogenetic relevance using multiple sequence alignment. The
homology modeling of the hypothetical protein was carried out using ModWeb and
evaluated using Procheck- Ramchandran plot.

MATERIALS AND METHODS

Essentiality of datasets of hypothetical proteins of T.vaginalis retrieved from Uniprot
kb (www.uniprot.org), was checked using Blast(Altschul et al ,1990) results in
Database of essential genes  (http://tubic.tju.edu.cn/deg/). As a case study,
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A2E4V9_TRIVA was selected for in-silico sequential, structural, functional and
phylogenetic analysis and characterization. The physiochemical properties were
calculated using PROTPARAM (http://web.expasy.org/protparam).  PS2, SOPMA
and HHPred were used for secondary structure prediction respectively. The analysis
of protein family, conserved domains, and motifs was carried out using PFAM
(www.pfam.sanger.ac.uk/)(Coin et al,2003) ,PRODOM (www.prodom.prabi.fr/),
P R O S I T E ( B a i r o c h , 1 9 8 4 ) , C AT H ( w w w. c a t h d b . i n f o / ) , N C B I - C D D
(www.ncbi.nlm.nih.gov/cdd), and InterPRO-SCAN (http://www.ebi.ac.uk/
inter)(Mulder et al ,2005). Prediction of pathway localization was made through
KEGG (www.genome.jp/kegg/) and CELLO (http://cello.life.nctu.edu.tw) was used
for sub-cellular localization. ModWeb (online portal for MODELLER-
www.salilab.org)(Eswar et al,2003) was used for homology modeling of
A2E4V9_TRIVA. The results were evaluated using PROCHECK-Ramchandran
plot (www.ebi.ac.uk/thornton-srv/software/PROCHECK/). UCSF Chimera
(www.cgl.ucsf.edu/chimera/) was used for viewing the 3D structure of the
hypothetical protein. Phylogenetic analysis was performed using multiple sequence
alignment in UNIPROT.

RESULTS AND DISCUSSION

The hypothetical protein A2E4V9_TRIVA retrieved from Uniprot kb was confirmed
to be ‘essential’ from Database of Essential Genes using NCBI-BLAST results.
The physio-chemical properties were then calculated using PROTPARAM. The
formula of the hypothetical protein was found to be C

2008
N

529
O

60
S

24 
and considered

as STABLE with instability index 30.84 and GRAVY value -0.227 (Table 1).

SOPMA and PS2 computed the secondary structure having alpha helix 39.75 % ,
extended strand 17.28%, Beta turn 3.21% and Random coil 39.75%.

PROSITE and PFAM described the hypothetical protein to be a part of CoA-ligase
family (Succinyl-CoA-Synthetase clan). The repeated pattern was noted as G-x-
[IVT]-x(2)-[LIVMF]-x-[NAK]-[GS]-[GA]-G-[LMAI]-[STAV]-x(4)-[DN]-x-
[LIVM]-x(3,4)-[GD]- [GREAK].

SMART and CATH identified the protein to be a 3-layer (aba) sandwich structure.
The studied protein contains CoA_binding domain. This domain has a Rossmann
fold and is found in a number of proteins including succinyl CoA synthetases, malate
and ATP citrate ligases. InterPROScan also confirmed presence of CoA binding
domain along with E2_binding domain and Ub_act_enzyme domain. NCBI_CDD
predicted the protein to be a part of NADB_Rossmann and E2_bind superfamilies.
The Rossmann fold NAD(P)H / NAD(P)+  is found in numerous dehydrogenases
of metabolic pathways such as glycolysis, and many other redox enzymes. In E2
binding domain, E1 and E2 enzymes play a central role in ubiquitin and ubiquitin-
like protein transfer cascades (Figure 1). This is an E2 binding domain that is found
on NEDD8 activating E1 enzyme. The domain resembles ubiquitin, and recruits
the catalytic core of the E2 enzyme Ubc12 in a similar manner to that in which
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ubiquitin interacts with ubiquitin binding domains.

Cytoplasmic localization of the hypothetical protein A2E4V9_TRIVA was confirmed
by PSORTII and CELLO program. According to KEGG, the protein was found to
be a Ubiquitin mediated enzyme contributing in Ubiquitin mediated proteolysis
(Figure 2).

The protein model was generated (Figure 3). For validation, SAVS-PROCHECK
was used, where as Ramachandran plot validated 83.4% residues in most favored
regions, 16.3% residues in additional allowed regions and 0.3% in generously
allowed regions (Figure 4). The 3D structure was viewed through UCSF CHIMERA.

Multiple Sequence Alignment of the hypothetical protein A2E4V9_TRIVA was
performed using UNIPROT. T.vaginalis was aligned with various sequences for

Table 1: Physiochemical properties of A2E4V9_TRIVA

S.No. Properties

1 NUMBER OF AMINO ACIDS 405
2 MOLECULAR WEIGHT 45100.8
3 THEORETICAL PI 5.61
4 NEGATIVELY CHARGED RESIDUES (ASP+GLU) 52
5 POSITIVELY CHARGED RESIDUES (ARG+LYS) 44
6 ALANINE 6.9%
7 ARGININE 2.7%
8 ASPARAGINE 5.2%
9 ASPARTIC ACID 6.2%

10 CYSTEINE 3.7%
11 GLUTAMINE 4.4%
12 GLUTAMIC ACID 6.2%
13 GLYCINE 7.7%
14 HISTIDINE 2.0%
15 ISOLEUCINE 8.1%
16 LEUCINE 7.7%
17 LYSINE 8.1%
18 METHIONINE2. 2%
19 PHENYLALANINE 3.5%
20 PROLINE 4.7%
21 SERINE 3.7%
22 THREONINE 4.9%
23 TRYPTOPHAN 0.7%
24 TYROSINE 4.2%
25 VALINE 6.7%
26 FORMULA C

2008
H

3163
N

529
O

601
S

24

27 EXT. COEFFICIENTS 42705 M-1cm-1

28 ABS. COEFFICIENTS 0.947
29 EXT. HALF LIFE 30 hours
30 INSTABILITY INDEX 30.84 (STABLE)
31 GRAVY -0.227
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Figure 1: InterProScan results showing various domains

phylogenetic analysis, where it was found to be closest to Chromosome undetermined
scaffold_56 (Paramecium tetraurelia).

Therefore, with increase in proteome and genome information of organisms,
deciphering hypothetical proteins is crucial. Annotation of hypothetical proteins
provides information regarding its sequence, structure, motif, pattern, subcellular
and pathway localization, signature and phylogenetic profiling. Having more
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Figure 2: KEGG results showing ubiquitin mediated proteolysis

Figure 3: PDB image showing 3DBH.PDB structure
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annotated information and characterization of the proteome will help in gaining
further insight into the various metabolic, gene regulatory and functional aspects of
the organisms. Phylogenetic analysis reveals the evolution and development of a
particular protein and also helps in finding its related organism protein derivatives.
The hypothetical proteins can also prove to be novel drug targets and markers for
further medical research which is the need of the hour.

CONCLUSION

The ‘essential’ hypothetical protein A2E4V9_TRIVA was found to be the part of
NADB_Rossmann and E2_binding domain superfamilies, with CoA_binding,
E2_binding and Ub_act_binding domains, which contribute in ubiquitin mediated
proteolysis and dehydrogenases metabolic pathways, indicates toward its crucial
importance in the functioning of T.vaginalis. The in-silico structural, sequential,
functional and phylogenetic annotation of hypothetical proteins hence prove to be

Figure 4: Ramchandran plot for 3DBH.PDB
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very beneficial in gaining further insight in the genome structure of T.vaginalis.
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