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ABSTRACT

Toll or Toll-like receptors are conserved receptors, which act as the first line of defense against infection by pathogens.
To use Toll/Toll like receptors as drug targets, it is essential to understand their physico-chemical properties and three
dimensional structures. In the present study, physico-chemical properties and secondary structure of Toll/Toll like receptors
from selected species of penaeid shrimps viz., Penaeus chinensis, P. vannamei, P. monodon and P. japonicus were computed
using online servers. Three dimensional structure was predicted by homology modelling using different softwares, SWISS-
MODEL, Phyre2 and Geno3D softwares were validated using online tools to find the best model for the protein under study.
From the physicochemical properties, nature of the Toll/Toll like receptor protein was revealed as acidic, thermostable,
hydrophobic and transmembrane protein. Structural analysis indicated the presence of alpha helices and random coils as
predominant elements followed by extended stands and beta turns. Three dimensional structures predicted using SWISS-
MODEL was validated as extremely good model using Protein Quality Predictor online server.
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Introduction

Penaeid shrimp culture is one of the economically
important aquaculture sectors in the world. Even though
shrimp farming holds crucial position in the rapidly
growing aquaculture sector, disease occurrence in the
culture systems continue to devastate the industry. To
tackle bacterial pathogens causing deadly diseases,
antibiotics are used which results in development of
antibiotic resistance (Karunasagar et al., 1994). In
order to develop novel strategies to restore the health
of the animal, knowledge of innate immune system is
necessary (Dechamma et al., 2015) since the shrimp
immunity primarily depends on innate immunity (Loker
et al., 2004). Pattern recognition is the first step of innate
immunity in which pattern recognition receptors (PRRs)
sense the presence of infection on the basis of pathogen
associated molecular patterns (PAMPs) and activate
immune responses. To date, 11 types of PRRs have been
identified in shrimp (Wang et al., 2013). Among several
PRRs, Toll like receptors (TLRs) play a major role in
recognition of pathogens in shrimp (Deepika et al.,
2014). TLRs have been reported from Penaeus chinensis,
P.vannamei, P. monodon and P._japonicus (Arts et al.,2007,;
Mekata et al., 2008; Yang et al., 2008; Wang et al., 2012).

TLRs recognise bacterial and viral components with the
help of PAMPS-PRRs (Beutler, 2004). TLRs are reported
to show upregulation in response to bacterial pathogens
(Wang et al., 2013). Upon recognition of their ligands on
microorganisms, TLRs induce the expression of a variety
of host defense genes, such as inflammatory cytokines and
chemokines, antimicrobial peptides and other effectors
against the invading pathogens (Chen ef al., 2016). These
TLRs can be targeted for drug development (Krishnan
et al., 2009). There is great potential in using adjuvancy
effect of TLR agonists. Vaccination using TLR agonists
as adjuvant may enhance the efficacy of vaccines by faster
and stronger immune responses to the pathogen (Patel
et al., 2014). It becomes necessary to determine the
structure of the drug target in drug discovery. Besides
all aspects of experimental analysis, nowadays several
online servers provide opportunities for the analysis
and characterisation of protein to gain momentum.
Instead of trying to characterise the structure of proteins
experimentally, computational methods can be used to
predict the structure using known representative structures.
These computational tools pave way to understand
physico-chemical properties and structural features of
a protein in a cost effective way with in a short period
of time.
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In the present study, physico-chemical properties
viz., molecular weight, isoelectric point (pI), extinction
co-efficient (EC), instability index (II), aliphatic index
(Al), grand average hydropathicity (GRAVY) and
homology modelling of Toll/TLRs from 4 species of

penaeid shrimps were studied.
Materials and methods
Retrieval of protein sequences

Toll/TLR protein sequences were retrieved from the
National Centre for Biotechnological Information (NCBI)
Protein database. A total of 4 Toll/TLRs sequences of
penaeid shrimps were retrieved in FASTA format. Details
of the sequences used in this study are given in Table 1.

Table 1. Toll/TLRs retrieved from NCBI protein database

Accession no. Description Species

ACC68670.1 Toll-like receptor Penaeus chinensis
ROT75501.1 Toll-like receptor Penaeus vannamei
ABO38434.1 Toll receptor Penaeus monodon
BAF99007.1 Toll receptor Penaeus japonicus

Characterisation of physico-chemical properties

Physico-chemical parameters of the selected protein
sequences such as aminoacid composition, molecular
weight, theoretical isoelectric point (pl), total number of
positive (Arg+Lys) and negative (Asp+Glu) residues
(+R/-R), extinction co-efficient (EC) (Gill and Hippel,
1989), instability index (II) (Guruprasad et al., 1990),
aliphatic index (AI) (Ikai, 1980) and grand average
hydropathicity (GRAVY) (Kyteand Doolittle, 1982) were
computed using ExPASyProtParam tool (Gasteiger et al.,
2005).

Functional analysis

Identification of types and transmembrane regions of
proteins was performed using SOSUI server (Hirokawa
et al., 1998). Presence of disulphide bonds and their
bonding pattern was predicted using CYS REC tool.
Functional domains of TLR proteins were analysed using
Simple Modular Architecture Research Tool (SMART)
(Schultz et al., 1998).

Secondary structure prediction

Secondary structures of selected Toll/TLR proteins
were predicted using Self-Optimised Prediction Method
with Alignment (SOPMA) server (Combet ef al., 2000).

Homology modelling

Modelling of 3D structure of selected proteins was
performed using different softwares viz., SWISS-MODEL
(Waterhouse et al., 2018), Geno3D (Combet et al., 2002)
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and Phyre2 (Kelley et al., 2015) server using template
structure from Protein Data Bank (PDB). The quality and
accuracy of the modelled 3D structures were evaluated
using Rampage (Lovell et al., 2002), ProSA (Protein
Structure Analysis) (Wiederstein and Sippl, 2007) and
ProQ (Protein Quality Predictor) (Cristobal ef al., 2001).

Results and discussion
Physico-chemical and functional characterisation

Physico-chemical parameters of the selected Toll/
TLR proteins were computed using ExPASyProtParam
are tabulated in Table 2. The results of characterisation of
physico-chemical properties of proteins suggest that Toll/
TLRs proteins from penaeid shrimps contain relatively
more hydrophobic residues. The presence of 22 (2.4%)
Cys in ACC68670.1 (P. chinensis), 15 (1.4%) Cys in
ROT75501.1 (P. vannamei),22 (2.4%) CysinABO38434.1
(P monodon) and 25 (2.5%) Cys in BAF99007.1
(P, japonicus) shows the presence of disulphide bonds in all
the four species. The amino acid composition of Toll/TLRs
computed using ExPASyProtParam is given in Table 3.
pl is the value at which the molecule carries no charge or
the negative and positive charges are equal. The computed
pl value ranges from 4.84 to 5.97, i.e. pI<7 indicate
that these Toll/TLRs proteins are acidic. Computing
pl value would be useful for the purification of protein by
isoelectric focusing on 2D gel. Total number of positive
(ArgtLys) and negative (AsptGlu) residues ranges
from 93 to 122 and 104 to 135 respectively. Extinction
coefficient of Toll/TLRs ranges from 103555 to 129730
M cm?! (assuming all pairs of cysteine residues from
cysteines) and 102680 to 128230 M cm™ (assuming all
cysteine residues are reduced). High value of EC indicates
the presence of high concentration of cysteine, tryptophan
and tyrosine in all the proteins (Gill and Hippel, 1989).
Instability index is a measure to estimate the stability of
the protein in vitro. A protein with instability index less
than 40 is predicted as stable and a value above 40 predicts
that the protein may be unstable (Guruprasad et al., 1990).
The instability index of Toll/TLRs ranges from 35.68 to
48.26. Hence, it shows that Toll/TLRs from ACC68670.1
(P.  chinensis) and ROT75501.1 (P vannamei),
ABO38434.1 (P. monodon) are probably stable (I1<40)
and Toll protein from BAF99007.1 (P. japonicus) is
probably unstable. The aliphatic index of a protein is a
measure to estimate thermostability of proteins based
on the relative volume occupied by aliphatic side chains
(alanine, valine, isoleucine and leucine) (Ikai, 1980).
Al of Toll/TLRs ranges from 92.30 to 98.67. The high
Al indicates that these proteins are highly thermostable.
GRAVY wvalue ranges from -0.169 to -0.288 which
indicates hydrophobic nature of protein.
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Table 2. Physico-chemical properties computed using ExPASyProtParam

Accession No.  No. of amino acids ~ Mol. Wt. pl +R/-R EC II Al GRAVY
ACC68670.1 930 106321.08 597  94/104 119635/118260  35.68  96.09  -0.169
ROT75501.1 1099 124206.60 594  122/135 103555/102680 38.01  92.30  -0.288
ABO38434.1 931 106503.35  5.68  93/107 126625/125250  36.80  96.61  -0.169
BAF99007.1 1009 115900.98  5.73 105/121  129730/128230  48.26  98.67  -0.191

"EC: The first value is based on the assumption that all pairs of cysteine residues form cysteines and the second value is based on the assumption that
all cysteine residues are reduced.

Table 3. Amino acid composition in Toll/TLRs computed using Expasy’sProtParam

No. Amino acid ACC68670.1 ROT75501.1 ABO38434.1 BAF99007.1
No. % No. % No. % No. %
1 Alanine 29 3.1 50 4.5 29 3.1 29 2.9
2 Arginine 40 43 68 6.2 37 4.0 43 4.3
3 Asparagine 73 7.8 72 6.6 71 7.6 83 8.2
4 Aspartic acid 57 6.1 62 5.6 60 6.4 51 5.1
5 Cysteine 22 2.4 15 1.4 22 2.4 25 2.5
6 Glutamine 35 3.8 30 2.7 36 3.9 35 3.5
7 Glutamic acid 47 5.1 73 6.6 47 5.0 70 6.9
8 Glycine 44 4.7 51 4.6 40 43 38 3.8
9 Histidine 16 1.7 19 1.7 15 1.6 18 1.8
10 Isoleucine 56 6.0 47 43 58 6.2 68 6.7
11 Leucine 130 14.0 146 133 128 13.7 133 13.2
12 Lysine 54 5.8 54 4.9 56 6.0 62 6.1
13 Methionine 20 2.2 26 24 21 23 13 1.3
14 Phenylalanine 55 59 45 4.1 52 5.6 57 5.6
15 Proline 38 4.1 51 4.6 41 4.4 45 4.5
16 Serine 79 8.5 102 9.3 80 8.6 86 8.5
17 Threonine 48 52 73 6.6 47 5.0 47 4.7
18 Tryptophan 15 1.6 10 0.9 16 1.7 16 1.6
19 Tyrosine 24 2.6 32 2.9 25 2.7 27 2.7
20 valine 48 52 73 6.6 50 5.4 63 6.2
Functional characterisation of Toll/TLRs was SMART revealed that all protein sequences had N-terminal

performed using SOSUI for identification of types of
proteins. All proteins were classified as transmembrane
proteins. Transmembrane regions predicted using SOSUI
are tabulated in Table 4. Structural analysis through

and C-terminal transmembane regions, Leucine rich
repeats and TIR (Toll/Interleukin 1 homology receptor)
domain at C-terminal end. As an example, the structural
feature of TLR from P. vannamei is illustrated in Fig. 1.

Table 4. Transmembrane regions of proteins identified using SOSUI server

Accession No. Type of protein Transmembrane region Type Length N-C terminal
ACC68670.1 Membrane protein MVLPAFLLWGWAAGGVTLSLSCG Secondary 23 5-27
MVIVTIVLITVFLLLFAVLGTMS Primary 23 711-733
ROT75501.1 Membrane protein LTALVFGLLVVLVSLSLGAAIRG Primary 23 6-28
RAIVISTIVSSLLLVASVMVY Primary 21 898-918
ABO38434.1 Membrane protein WMVLPAFLLWGWAAGGVTLSLSC Primary 23 5-27
VIVTIVLITVFLLLFAVLGTMS Primary 22 713-734
BAF99007.1 Membrane protein PLWILLPCFLVVSSIVTGVWGFG Primary 23 3-25
LPPKVIIASTVISMFLILSGVLA Primary 23 786-808
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Fig. 1. Domain topology of TLRs from P. vannamei

Presence of disulphide bonds and their banding
pattern was predicted using CYS REC tool which
revealed that Toll/TLRs from all the 4 species of penaeid
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Table 5. Most probable pattern of pairs of disulphide bond
computed using CYS_REC

Accession No. CYS REC

shrimps have most probable pattern of cysteine residue

pairing (Table 5).

Prediction of secondary structure

The secondary structures of Toll/TLRs were predicted
using  SOPMA. The calculated secondary structure
elements are tabulated in Table 6. The results revealed that
alpha helices and random coils were predominant among
secondary structure elements, followed by extended strand
and beta turn while all other secondary structure elements
such as 3, helix, Pi helix (Ti), Beta bridge, Beta region
and Ambiguous states were not found in all Toll/TLRs.

ACC68670.1 Cys26-Cys533 Cys480-Cys538
Cys29-Cys74 Cys544-Cys914
Cys38-Cys542 Cys662-Cys688
Cys478-Cys798 Cys664-Cys704
ROT75501.1 Cys201-Cys846 Cys421-Cys1018
Cys258-Cys844 Cys500-Cys952
ACC68670.1 Cys27-Cys39 Cys534-Cys663
Cys30-Cys545 Cys539-Cys689
Cys479-Cys799 Cys543-Cys665
BAF99007.1 Cys27-Cys619 Cys588-Cys740

Cys30-Cys621
Cys60-Cys550

Cys610-Cys876
Cys615-Cys742

Homology modelling and validation

Homology modelling is modelling a protein’s 3D
structure using a known experimental structure of a
homologous protein. The use of this method is based on
the observation that two proteins belonging to the same
family will have similar three-dimensional structures
(Vyas et al., 2012). Homology models of proteins are
useful when no experimental 3D structure is available.
Modelling of 3D structures of Toll/TLRs was performed
using SWISS-MODEL, Geno3D and Phyre2 based on
the templates selected from PDB. Final structures of
the models are shown in Fig. 2. Steorochemical quality
and accuracy of the predicted models was verified using
RAMPAGE. The results revealed that proteins modelled
using SWISS MODEL server has maximum residues
in favoured regions, from 86.7 to 90.1% and minimum

Cys189-Cys199

residues in outlier regions, from 1.9 to 2.4%. Comparison
of results obtained from different modelling servers
(Table 7) indicates that the model generated using SWISS-
MODEL is more acceptable.

Validation of the predicted models was performed
using ProSA and ProQ and the results are presented
in Table 8. LG score values of models predicted using
SWISS-MODEL indicate extremely good quality (>4.0),
whereas models predicted using Geno3D and Phyre2
were found to be fairly good (>2.5). MaxSub values
indicate fairly good quality (>0.1) of all the models
predicted by both the servers (Cristobal et al., 2001).
The Z scores computed using ProSA ranges from -6.4
to -9.54 for models predicted by SWISS-MODEL
(Fig. 2b). It is understood that the value falls almost within

Table 6. Secondary structure elements (%) of TLRs of shrimps using SOPMA

Element ACC68670.1 ROT75501.1 ACC68670.1 BAF99007.1
Alpha helix 43.98 45.40 44.79 45.00
3, helix 0 0 0 0

Pi helix 0 0 0 0
Beta bridge 0 0 0 0
Extended strand 15.16 12.65 15.36 13.78
Beta turn 2.80 4.00 3.76 2.78
Beta region 0 0 0 0
Random coil 38.06 37.94 36.09 38.45
Ambiguous states 0 0 0 0
Other states 0 0 0 0
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Table 7. Ramachandran plot calculation using RAMPAGE

Server Accession No. Residues in favoured region (%) Residues in allowed region (%) Residues in outlier region (%)
SWISS MODEL ACC68670.1 89.3 8.8 1.9
ROT75501.1 86.7 8.1 2.4
ACC68670.1 89.2 6.8 2.1
BAF99007.1  90.1 7.3 23
Geno3D ACC68670.1 72.3 22.9 4.8
ROT75501.1 68.1 26.8 5.0
ACC68670.1 55.6 30.8 13.6
BAF99007.1 52.5 329 14.5
Phyre2 ACC68670.1 88.5 7.9 3.6
ROT75501.1 85.5 12.1 5.2
ACC68670.1 88.8 9.1 3.9
BAF99007.1 89.3 8.4 2.6
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Fig. 2. Toll/TLRs from (i) P chinensis (ACC68670.1), (ii)) P. vannamei (ROT75501.1), (iii) P. monodon (ACC68670.1),
(iv) P. japonicus (BAF99007.1). (a) Homology modeled 3D structures computed using SWISS MODEL; (b) ProSA web
Z-scores of protein chain in PDB determined by X-ray crystallography (light blue) NMR spectroscopy (dark blue) by their

length; (c) Plot of residue scores
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Table 8. Validation of protein 3D model computed using ProSA and ProQ

Server Accession No. Template ID  Seq. Identity (%)  Z score LG score MaxSub
SWISS MODEL ACC68670.1 41xr 25.00 -9.54 4.827 0.338
ROT75501.1 41xr 19.41 -6.4 4.189 0.278
ACC68670.1 41xr 25.53 -9.44 4.994 0.353
BAF99007.1 41xr 27.41 -8.89 4.542 0.335
Geno3D ACC68670.1 41xs 21.8 -9.24 4.123 0.289
ROT75501.1 2a0z 21.30 -5.31 3917 0.249
ACC68670.1 41xs 22.50 -4.93 3.466 0.205
BAF99007.1 41xr 24.20 -4.75 3.787 0.228
Phyre2 ACC68670.1 4]xr 23.00 -6.91 3.436 0.283
ROT75501.1 4]xr 19.00 -4.4 2.977 0.211
ACC68670.1 41xr 24.00 -6.74 3.162 0.261
BAF99007.1 41xr 24.00 -7.36 3.755 0.284

the range of scores typically found for native proteins of
similar size. The plot of residue scores predicted using
ProSA shows local model quality by plotting energies as
a function of amino acid sequence position (Fig. 2¢). Plot
revealed predominantly negative values, indicating good
quality of the predicted model. In general, positive values
correspond to problematic or erroneous parts of the input
structure (Wiederstein and Sippl, 2007).

It has been reported that TLR agonists could be
exploited as adjuvants to enhance immune responses
during vaccination (De-Gregorio et al, 2013).
Administration of TLR agonists provided rapid induction
of innate resistance to infectious challenge by different
pathogens (Cluff et al., 2005). TLR agonists can also be
used as immunomodulating agents to directly target the
host rather than pathogen (Mifsud et al., 2014). The precise
pattern of immune receptors activated by ligands is likely
to be extremely important in determining the ultimate
immune outcome (Petrovsky and Cooper, 2011). So, the
models predicted using homology modelling would serve
to guide the design of more potent ligand or TLR agonist.
Using the 3D structure, the predominant binding modes
of a ligand with a protein could be predicted and therefore
the results of this study would aid in computer aided
design of TLR agonists.
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