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Abstract

Clinostomum is a fish-borne pathogen,digenetic trematode with worldwide distribution. Despite its zoonootic significance,
the molecules involved in the host-parasite interaction remains unknown. The present study deals with the proteome pro-
file of the rDNA of Clinostomum piscidium using in silico workflow.The physicochemical properties, mass spectrome-
try ,atomic composition,estimated half-life in different hosts ,Grand average of hydropathy (GRAVY),extinction coefficient
and instability index of the rDNA was studied.We identified hypothetical proteins(polar in nature) that showed similarities
with proteins of Trichellina pseudospiralis and Melampsora laricipopulina. The functionality of these proteins revealed their
role in intracellular signalling as a substrate for O - linked N - acetylglucosaminetransferases and death transcription fac-
tor(DIDO-1). This is the first report of our findings that aims to provide a better understanding of the mechanism by which
this digenetic trematode adapts to extreme environments. It is expected that this study will lead to new insights into drug de-
signing strategies and disease control.

Keywords: Clinostomum piscidium, Colisa fasciatus, GRAVY, rDNA, In silico Mass spectrometry, Proteomics

INTRODUCTION

Fishes serve as an important component of the ecosys-
tem from the ecological, nutritional, medicinal, and eco-
nomic perspective. Fishes play an important role in nu-
trient cycles as they store a large proportion of nutrients
in their tissues, transport nutrient and play a significant
role in nutrient recycling. Eating uncooked fishes leads
to the transmission of parasites to humans or any other
host feeding on them and, thus, causes many diseases.
Parasitic disease is the single most important factor
threatening the fish industry worldwide, particularly in

the tropics ( Schmidt and Roberts, 2000). The excysted
progenetic larval metacercaria of Clinostomum piscidi-
um serves as an infective stage in several genera and
species of fish (Southwell and Prashad,1918). In North-
ern India, the Colisa fasciata (Bloch and Schneider,
1801) fish have a very common infection of C. piscidi-
um excysted metacercariae. Digenetic trematode of the
genus Clinostomum is widely distributed in many spe-
cies of freshwater fishes and cause zoonotic diseases.
Eating uncooked fish leads to the entry of Clinostomum
in humans, an accidental host. At least 19 such cases
have been reported from Japan( Hara et al., 2014 ).
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Various ailments like pharyngitis and lacramalitis due to
Clinostomum infection have been reported from Thai-
land and Korea. In addition to human, freshwater fishes
(intermediate host ) incur severe damage following
heavy infection with metacercariae of Clinostomum
species( Shareef and Abidi, 2012). The metacercariae
have also been reported in stools of human and cause
serious digestion problems, respiratory disorders upon
entry into the lungs and many other severe conse-
quences (Tiewchaloern et al.,1999; Park et al.,2009;
Zimiket al., 2019). The present study focuses on the
physical and chemical properties of the rDNA of C.
piscidium, which will serve as an important factor for
estimating the prevalence range of the parasite, in-
stability index, nature of the proteins and estimated
half-life of the parasite in a different environment, 3D
structure and functioning of the proteins.These pa-
rameters will further help determine the factors that
help the parasite sustain and grow within the host,
establish host parasite interactions, andserve as an
important tool in disease control of C.piscidium. Pro-
teomics is crucial for many reasons like early disease
diagnosis, prognosis and monitoring the disease de-
velopment. Molecular mass, theoretical isoelectric
point (pl), amino acid composition, atomic composi-
tion, extinction coefficient, instability index, aliphatic
index and high average hydrotherapy are predicted,
which help in determining the various physicochemical
parameters of the proteins.

The utilization of in silico approaches for the functional
prediction of proteins has been successfully used in
several helminths like Ascocotyle longa, Schistosoma
mansoni cercarial secretions, Schistosome tegument
and its surface membranes, Fasciola hepatica, S. man-
soni egg and its contents, the miracidium( hatch fluid
and secretions) and of parasitic nematodes (Menezes
et al., 2109). The purpose of this work was to assign a
function to the hypothetical proteins present in the ge-
nome of this species for the identification of new param-
eters that may contribute to the physiochemical proper-
ties of Clinostomum. This will further improve the under-
standing of the adaptation of this parasite to the ex-
treme environment.

MATERIALS AND METHODS

Retrieval of the sequence: In this work, we used
rDNAC. piscidium gene. The sequence was retrieved
from NCBI ( National Centre for Biotechnology Infor-
mation) database ( http://www.ncbi.nlm.nih.gov)under
accession number GQ925911.1.

Protein profiling

The protein profiling was done using ExPASy and six
translated peptide sequence of different forward and
reverse frames were obtained to unveil the translated

protein frames of the rDNA sequence. Further studies
were carried out using these peptide sequences to
study the physicochemical properties of the zoonotic
parasite.

Prediction of physiochemical parameters

Molecular mass, theoretical isoelectric point (pl),
massspectrometry, amino acid composition, atomic
composition, extinction coefficient, instability index,
aliphatic index, estimated half-life and high average
hydrotherapy were predicted using the Proteomics
analysis tool (Gasteiger et al., 2005) which allows in
determining the several physicochemical parameters of
the proteins.

Protein statistics and transmembrane orientations
Protein statistics was performed using ExPasY
(Gasteiger et al., 2009) and SAPS (Statistical analysis
of protein sequence), which provided information about
the number of times each amino acid is repeated, com-
positional analysis, charge distribution analysis and
prediction of transmembrane spanning regions.

Phylo-proteomic analysis
For the taxonomy validity of the worm Phylo proteomic
tree was constructed using neighbor joining method.

Prediction of secondary structure

The Secondary structure of the peptide sequence was
also predicted using hydrophobic periodicity in the se-
quence and was used to assess the quality of a model
built with a tertiary structure prediction method.

Determination of three dimensional structures
Three-dimensional homology modeling of the target
proteins was performed by MODELLER. Swiss Model
software was used to predict the structures for proteins
through Homology Modeling principle. The structure
predicted by using the methodology of Homology Mod-
eling provides information insight about the functionality
of proteins, dynamics, and interactions with other pro-
teins

RESULTS AND DISCUSSION

Analysis of protein profiling of rDNA of zoonotic
trematode

The analysis on the prediction of peptide sequence
using the ExPASy platform indicated six forward and
reversed frames of the translated peptide sequence.
Out of these six frames, 53’ Frame 1 (Fig. 1) was se-
lected for further observations as it had maximum cod-
ing fragment starting with a Start codon and ending
with an end codon. The selection of this frame was
made on account of the fact that protein synthesis
starts from methionine and ends with a stop codon.
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-§'3 Frame 1

T PLVTASEEGLAQERSLRSFDC sStop A SERNCHGNEL AL L LHEKNSSNENGL LR
FPIEGERFPVHVETOIVEFALNStop PHESRVVCECSPEWNVYNSIStopGStop I LARVR
Stop RT STV RES Stop KV L Stop R

~5'Y Frame 2

PGFPStopStop LRVERDStopP STEACGHLTARQCG LsrpaAMEST

__-‘."Sl.op\-"Z-SIrif-"x"-TT

AEWIGELRAVEGPCGHRPRLEVLPStop INLGVGLFVNAAQSGHStop TPSKRARY WH
ESDSEQVPStopGEVEKYSEE
~-5'Y Frame 3
QDSPSNCEStpRGISPAPKPAVISpLLGNVVFRLVLGITAPPStopVQOQStopVRL
TGLAHStop GStop KARVGGDPDCQFCPELTLESGC L Stop EaBIEcIc R mmuze
TSPIANKYREGELESTLER
-3'6' Frame 1
TVLVRYRTRAS I Stop P Stop MEIENREUIEIRIGITIRISIOMIRIEI0Gstop F R A K
LS PSMEGQUSSKPYSLLDLGHSSNARKNQPRKHHIASopQS NDRRLE
~3'6" Frame 2
LFRVLEFNFPSRYLFAIGLVPVFSLAWSLPPTLGCIKRQPDSKVNSGQNStpQSG
SPPTRAFHPOWANPVSRTHCHWT StopGGAVMEE PRTNLNTTLRPS SOMETAGEGAGL
IPLEBQLLGESW
~3'5' Frame 3
SSEYFSTFPHGTCSI SDSCQYLALDGVYHPLWAAFTNNPTPRLIQGEKTDNLGL
PHGPFT P ‘it.opAU:,'A'L"JT Stop COEP T Stop T F LAV K Stop ASVL
Stop 8 LF T ¥ Stop G N P
Fig. 1. Frames of translated protein sequence.
15
The pepde mass o youtsequece e e 3
(Theoretalp: .89 M (average mass) 1201330 My (moncisolopc mass k =
: . 10
mass  postion NG, modiications P Qe ) o
gm0 SSNEYGLLOWPIEGERPVWN ETQIVSFALNPWSR .
MM 0 SOCMEICOIALR : 5 B
» 5
s 1 0 (VTASEEGLACHR . 4
3 3 3
106 89 0 TWANSIGILAR 25 2 2 2
B35 70 0 WCECSPK . .
B4 A0 N TSR ’ Ala...Arg... As... As... Cy... GIn... Glu... Gly... His... lle () Leu...Lys...Met... Ph._. Pro...Ser... Thr... Trp... Tyr... Val...

Fig. 2. Mass spectrometry results of peptide sequence.

Prediction of physiochemical parameters

The analysis of physicochemical parameters of the
amino acid sequence indicated that the molecular
weight was 12013.90 Daltons. Six translated frames of
the DNA sequence were obtained. Further Mass spec-
trometry analysis(Fig.2)predicted the monoisotopic
mass and molecular weight to be 12006.19 Da and
12013.90 Da. The isoelectric point was found to be
7.89, which categorizes the proteins to be basic in na-
ture.The theoretical amino acid composition showed
that total number of negatively charged residues were
11, positively charged residues were 12. Overall atomic
composition(Fig.3) revealed that there are 541 carbon
atoms,848 hydrogen atoms,150 nitrogen, 150 oxygen
and 05 atoms of sulphur. The chemical formula of the
predicted protein is Cs41Hg4sN1500150S5. The aliphatic
was observed to be 99.29. A higher value of aliphatic
index depicts that the proteins are stable at higher tem-

amino acid composition

Fig. 3. Amino acid composition of peptide sequence of C.
piscidium.

peratures, thereby allowing the parasite to adapt in
extreme conditions, making the parasite distribution
and diversity wide, thus making it keener to evolve. The
grand average of hydropathy (GRAVY) revealed the
protein interaction with water, which occurs better with
low GRAVY.GRAVY was estimated to be 0.010 and
categorized the proteins to be polar in nature. Besides
this, the polarity of proteins plays a vital role in the gen-
eration and organization of apical surface protrusions
(Apodaca,2017), which the parasite might use to estab-
lish itself in the host. The Hydropathy index served to
be helpful in determining the three-dimensional struc-
tures of the proteins and these protein structures, in
turn, determine the functionality of the proteins. For
determining the instability investigation, the instability
index was estimated to be 50.73 and categorized the
proteins to be unstable in nature. The extinction coeffi-
cient has also been determined using all pairs of Cys

457



Chauhan, B. et al. / J. Appl. & Nat. Sci. 13(2), 455 - 462 (2021)

residues that form cystines assuming all Cys residues
are reduced, i.e., 34740 and 34490, respectively. The
half life of the predicted protein was found to be 5.5 hrs
in the mammalian system ,3 min in Yeast and 2 min in
Escherichia coli.

Amino acid composition

The amino acid composition was observed to be as
follows:

Total number of negatively charged residues (Asp +
Glu): 11

Total number of positively charged residues (Arg +
Lys): 12

Atomic composition

Carbon C 541
Hydrogen H 848
NitrogenN 150
Oxygen O 150
Sulfur S 5

Formula:C541 H348N 15001508

Protein statistics and transmembrane orientations

The predicted protein sequence showed the presence
of high scoring hydrophobic segments, which had ena-
bled to predict the transmembrane topology of the pro-
teins, i.e. prediction of what parts of it protrude into the
cell and what protrudes out, and how many times the
protein chain crossed the membrane that showed the
presence of two inside to outside spanning regions and
thus proved that the proteins are integral as they were
with membrane-spanning regions and thus helpful in
cell signalling and exchange gateway between cell to

No. of
cleavages

Name of enzyme

5-thiocyanobenzoic acid 4 192574

Proline-endopepbdase [*]

Protenase K

cell.

The peptide cutter software predicted the potential
cleavage sites by proteases/chemicals( Fig.3) in the
protein sequence. It was found that minimum cleavage
was performed by CNBr (01), and maximum cleavage
was made by proteinase K (58). The data has also
been presented using restriction enzymes in the form of
graphical representation ( Fig.4).

Charge distributional analysis

The charge distribution analysis of the selected
segment further revealed the charge distributional
analysis and the following results were obtained -
0+0000000- -00000+00+ 00-0000000 000000000+ 000
-0000-0  00-0-+0000  -000000000  000+000-00
0+00000000 00+0++0000 +-0+00+

+ sign indicates the presence of positively charged
amino acid.

- sign indicates the presence of negatively charged ami-
no acid .

0 indicates the presence of uncharged amino acid.

Possible transmembrane orientation of peptide
sequence
Two possible transmembrane orientations(Fig.5) were
found for the present peptide sequence with positions in
their bracket —
Inside to outside helices :
from to score center
2( 6) 25( 25) 89 15
102 ( 104) 122 ( 120) 1486
Outside to inside helices :
center

2 found

112

2 found from to score

Positions of clnvaga sites

Fig. 4. Cleavage sites for different proteases and chemicals in protein sequence.
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101 (101) 117 (117) 1013 109

137 (137) 159 (157) 275 147

inside-> outside helices correspond

outside->inside helices.

Helices shown in brackets are considered insignificant.
A"+" symbol indicates a preference of this orientation.

A "++" symbol indicates a strong preference of this
orientation.

inside->outside | outside->inside

Phylo-proteomic analysis

Phyloproteomic analysis(Fig.6)revealed that the pre-
sent protein of interest showed close similarity with
Schistosomamansoniand Trichinellapseudospi-
ralis.Clinostomumpiscidium voucher HS.Meta/2009/09
large subunit ribosomal RNA gene, partial sequence

THpred cutput for

clustered out at separate node in the form of the sepa-
rate clade.

Three dimensional(3D) structure of proteins

Four identical proteins structure was predicted using
Homology modelling method ( Fig.7-10 ). One unchar-
acterized protein, AOAOVOXCR7_TRIPS AOAOVOXCR7
had 75.4% identity with Trichinellapseudospiralis, a
viviparous nematode parasite, reported from rodents,
bears, hyenas, and humans. 2mbr.1.A was used as a
template to construct the 3 D structure of the protein.
The sequence identity was 13.33% and the role is as-
sociated with UridineDiphospho-N-Aceylenolpyruvyl
glucosamine Reductase. The main role of this protein is
extensively involved in intracellular signaling as sub-
strate for O - linked N - acetylglucosaminetransferases

CLINOSTOMUM FPISCIDIUM

=4 =111

18866

—18896

—Zeaa

-2000

-seee t . t +
[} g1 4 et 26

Fig. 5. Transmembrane orientation prediction of the peptide sequence.

Tree method Mz Seq Difference Distance Sequeane Labed
Neghbor Janng vig [ v @ | Gnrshn [proten v i | Sequence Tibe i ava
B Fe u wRlleodd Aok | (§ s
el | GO || Chaontoman pocdats vouchen 15 Mt T 09 b bt ool R e, partal. o gucnue

aed protem MELLADRAFT 90074 Ml mpsors bir

popuiss WAGH|

bvpotictocal protein MELLADIRAFT 95064 | Mclarmpers larv-popubias SALD

Fig. 6. Phyloproteomic Tree analysis of desired protein sequence using neighbour joining method with max seq

difference of 0.85.
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Fig. 7. Structure prediction of Uncharacterized hypothet-
ical protein ADAOVOXCR7_TRIPSAOAOVOXCRY.

(OGTs) to install the O- GIcAc post-translational modifi-
cation in a wide range of species.

Another three proteins models identified were from
Melampsoralaricipopulina with 43.2% identity.The pro-
teins have a description of Death associated transcrip-
tion factor1 ( structure of PHD domain in death inducer
— obliterator -1, DIO -1)(Rojas et al.,2005). Melampsora
is a genus of Basidiomycota fungi and is the most dev-
astating and widespread pathogen of poplars and has
limited the use of poplars for environmental and wood
production in many parts of the world. Death inducer
obliterator protein 1 [DIDO1; also termed DIO-1 and
death-associated transcription factor 1 (DATF-1)] is
encoded by a gene; thus, far described only in higher
vertebrates. Current gene ontology descriptions for
this gene assign its function to an apoptosis-related
process. The protein presents distinct splice variants
and is distributed ubiquitously. Exhaustive sequence
analyses of all DIDO variants identify distant homo-
logues in yeast and other organisms(Rojas et
al.,2005). These homologues have a role in DNA reg-
ulation and chromatin stability and form part of higher
complexes linked to active chromatin. Further domain
composition analyses performed in the context of relat-
ed homologues suggest that DIDO induced apoptosis
is a secondary effect.

Fig. 8. Structure prediction of Uncharacterized hypothet-
ical protein FAR8R4_MELLP F4R8R4.

Conclusion

In the present study, in silico approaches predicted the
function of hypothetical proteins from the C. piscidium
genome. The prediction of translated protein sequence
from rDNA sequence, physicochemical parameters,
mass spectrometry, potential restriction sites within the
sequence, compositional analysis and possible trans-
membrane orientations were useful to reinforce the
understanding of the particular characteristics of the
proteins annotated. The study identified the presence
of proteins that play important roles in the mechanisms
of adaptation to adverse environments. The theoretical
proteins were unstable, which proved that the thermo-
dynamic equilibrium with the host environment ( micro
milieu ) was still not maintained, so they were unstable.
Aliphatic index was computed to be high and a higher
value of the aliphatic index depicted that the proteins
were stable at higher temperatures. Such stability at
higher temperature allowed the parasite to adapt in
extreme conditions, making the parasite distribution
and diversity wide and keener to evolve. The predicted
proteins exhibited a low value of Grand average of hy-
dropathicity, i.e., 0.010, proving that the theoretical pro-
teins were polar in nature and this polarity of proteins
plays a vital role in the generation and organization of
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Fig. 9. Structure prediction of uncharacterized hypothetical
protein F4ARVL4_MELLP F4RVLA4.

apical surface protrusions, which the parasite might use
to establish itself in the host. The half-life of the predict-
ed protein was found to be 5.5 hrs in the mammalian
system,3 min in the yeast and 2 min in E. coli. By deter-
mining the possible transmembrane orientations, it was
found that the proteins were integral as they were with
membrane spanning regions. Proteins were found to be
integral proteins that are helpful in cell signalling and
exchange gateway between cell to cell. Since the pre-
sent proteins showed similarities with T. pseudospiralis
and M. aricipopulina drug designing for the present
helminth would also play a significant role in treating
infections from both T. pseudospiralis and M. laricipo-
pulina. Our findings open possibilities for better investi-
gation of this zoonotic parasite for disease diagnostic in
the field of parasitology.
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