[Downloaded free from http://www.advbiores.net on Wednesday, April 19, 2023, IP: 37.98.125.103]

Orriginal Article K

In silico study of ligand binding site of toll-like receptor 5

Nastaran Sadat Savar ?, Saeid Bouzari!

!Department of Molecular Biology, Pasteur Institute of Iran, 2Department of Biology, Science and Research Branch,
Islamic Azad university, Tehran, Iran

Abstract

Background: Toll-like receptor-5 (TLR-5) is a member of TLRs family and responsible for bacterial flagellin recognition.
The activation of TLR-5 with flagellin leads to initiation of signaling cascades, which in turn results in transcription
of pro-inflammatory cytokines. Regarding the critical role of TLR-5 agonists and antagonists in activation of innate
immune responses, an increasing number of studies have focused on their therapeutic applications in drug and
vaccine design. In this study, to identify the most critical region and residues of TLR-5 for interaction with flagellin,
different truncated forms of TLR-5 were designed and subjected to protein-protein interaction studies.
Materials and Methods: The interactions of the full native TLR-5 and its truncated forms with bacterial
flagellin (FliC) were evaluated using Hex docking server and molecular interaction analysis was performed
using Dimplot analysis.

Results: According to our in silico results, truncated form C (an amino acid sequence containing residues
174-401 of TLR-5) has the most suitable interaction with FliC and seven amino acids within this region were
found to be crucial for the interaction with flagellin.

Conclusions: These results provide new insights in to potential drug target sites of TLR-5, which may guide
future TLR-5 targeting studies.
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INTRODUCTION

Innate immunity plays an essential role in host defense
against microbial pathogens and initiation of signaling
pathways and subsequent activation of adaptive
immune responses. The toll-like receptors (TLRs)
initiate the activation of innate immunity responses
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via recognition of pathogen associated molecular
patterns (PAMPs) including microbial components such
as proteins, lipids, lipopoly sacharides, lipoproteins, and
nucleic acids. To date, over 13 TLRs have been identified
in mammals.™! TLRs are type I trans-membrane
receptors, with three different domains; intracellular
toll-interleukin 1 receptor domain, which plays an
important role in signal transduction, trans membrane
domain and an extracellular ligand recognition
domain containing leucin-rich repeats.” Recognition
of PAMPs by TLRs, triggers the signaling pathways
leading to the activation of anti-microbial responses.
TLR signaling consists of two major pathways:
MyD88-dependent, which results in NF-kB (nuclear
factor kappa-light-chain-enhancer of activated B cells)
activation and subsequent production of inflammatory
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cytokines and MyD88-independent pathway, which
doesn’t require MyD88 for NF-kB activation and is
associated with the stimulation of interferon (IFN)
regulatory factors (IRFs) and production of type 1
IFNs.B% Regarding the important role of these
pathways in innate immune activation and initiation
of inflammatory responses, TLR agonists and
antagonists could be considered as effective immune
regulators, suggesting that these reagents have
potential therapeutic value in inflammatory diseases
and cancers. TLR-5 is one of the TLRs, which is mainly
expressed on antigen presenting cells (APCs) and
recognizes bacterial fllagelin. Recognition of flagellin
by TLR-5, leads to the activation of immunomodulatory
responses in APCs.0" Regarding the ability of flagellin
to activate innate immune responses, an increasing
number of studies have focused on its adjuvant
properties.®? According to these studies, TLR-5 ligand
could be an effective vaccine adjuvant and it may also
serve as a valuable adjuvant for cancer radiotherapy,
the treatment of degenerative diseases and myocardial
infarction.!%! Identification of the nature of flagellin/
TLR-5 interaction plays a crucial role in understanding
the mechanisms underlying the TLR-5 activation.
Studies have shown that TLR-5 binding site on
bacterial flagellin is localized in conserved domain D, "2
but, in the absence of three dimensional structure of
TLR-5, the complimentary portion of TLR-5, which
interacts with flagellin, remains less well-defined.
Previous theoretical and experimental studies
have predicted different interaction sites (residues
386-407, 552-561, and 174-401) in TLR-5.13%% The
recently solved 3D structure of TLR-5"% can give us
the opportunity to further investigate TLR-5 ligand
binding sites. In this study, we designed truncated
forms of TLR-5 based on its putative interaction sites
with flagellin. Subsequently the interaction tendency
of each truncated form to the ligand was investigated
via protein-protein docking protocols. Finally, the best
truncated form was selected and its critical residues
involved in ligand binding were identified.

MATERIALS AND METHODS

3D structure determination

The 3D structures of TLR-5 and Salmonella
typhimurium flagellin (F1iC) were determined
from RCSB (Research Collaboratory for Structural
Bioinformatics) Protein Data Bank (PDB IDs
3A5X and 3J0A). Tertiary structure of TLR-5 was
generated by electron microscopy single-particle image
reconstruction at 26A resolution.

Based on the suggested interaction sites of TLR-5, three
truncated forms were designed. The truncation and
geometry optimization of structures was carried out

2

with YASARA (Yet Another Scientific Artificial Reality
Application) (12.4.1) and Swiss-PDB Viewer 4.0.1"

Protein-protein docking

Docking of ligand and receptor was performed using
Hex docking server.!'® Total energy of interactions
were calculated based on shape and electrostatics
as correlation type and the final search was set to
25 (N = 25) and the angular search range of docking
was limited by selecting an interface residue for
flagellin (amino acid 411)"? and the range angle of 45°.
Other parameters were set to default values. The best
truncated form of TLR-5, which showed the largest
binding affinity to flagellin was subjected to further
molecular interaction studies.

Molecular interaction studies

The molecular interaction plot between truncated form
of TLR-5 and flagellin were generated using Dimplot in
LIGPLOT software (v. 4.5.3).1 Default criteria were
used for determining hydrogen bonds and hydrophobic
interactions.

The Dimplot program produces a plot of the interactions
across a dimer or a domain-domain interface and the
interactions plotted include hydrogen bonds and
non-bonded contacts.

RESULTS

Generation of truncated forms of TLR-5

In order to identify the most critical region of TLR-5
involved in interaction with flagellin, Three truncated
forms of TLR-5 were designed based on suggested
flagellin binding sites; truncated forms A (552-560),
B (386-407), C (174-401). Structures were generated
via truncation of 3D structure of TLR-5 (PDB: ID
3J0A) [Figure 1].

Truncated form A
(386-407)

Truncated form B
(552-560)

Truncated form C
(174-401)

Figure 1: 3D structure of toll-like receptor-5 and its truncated forms
A,BandC
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Docking analysis

The interaction free energies are listed in Table 1.
According to the Table, full-length TLR-5, containing
all interacting epitopes shows the lowest free energy
of interaction and has the best interaction tendency
to the ligand. Truncated form C is the next best
structure, which shows the best binding affinity
compared to other truncated forms of TLR-5 and its
total free energy is close to that of full-length TLR-5.
The truncated forms A and B present the lowest
affinity to flagellin.

Table 1: Hex docking results based on interaction free
energy (E-total)

Receptor (TLR-5)

Ligand (FIiC) E-total (kJ/mol)

Molecular interaction analysis

Hydrogen bonding and hydrophobic interaction
between truncated form C and FliC are found by
Dimplot analysis of the docked complex. Interaction
plot indicates the formation of nine hydrogen bonds
between nine residues of truncated form C and eight
residues of FIiC [Figure 2]. Amino acids (Arg 224,
Lys 252, Arg 287, Arg 291, Arg 306, Asp 313, Phe 382,
Glu 384, and Lys 385) of truncated form C are found to
form hydrogen bonds with amino acids (Ser 423, Thr
420, Gln 409, Asp 140, Glu 405, Gln 417, Asp 395, and
Lys 378) of F1iC. The hydrogen bond lengths are shown
to be shorter than 3.33A. Additionally, 23 residues
of truncated form C are involved in hydrophobic
interaction with 23 amino acids of FliC.

Whole molecule Whole molecule -613.2 .

Truncated form A (552-560)  Whole molecule ~428.8 Hydrogen bonds are shown by dashed lines (green)
Truncated form B (386-407) Whole molecule -450.6 between truncated form of TLR-5 (green) and
Truncated form C (174-401) Whole molecule -589.7 flagellin (pink) residues and hydrophobic interactions
TLR-5: Toll-like receptor-5, FIiC: Flagellin are shown by spoked arcs between residues.
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Figure 2: Hydrophobic interaction and hydrogen bonding pattern between truncated form C and FliC
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DISCUSSION

TLRs are a class of innate immunity receptors, which
play a key role in recognition of PAMPs. Binding of
PAMPs to extracellular domain of TLRs initiates
the signaling pathways resulting in innate immune
responses.!! Since the discovery of TLRs, studies
have focused on the activity of TLRs agonists and
antagonists for development of new generation of
drugs and vaccines.?” TLR-5 recognizes bacterial
flagellin, a major structural protein of flagellar
filament.™ The therapeutic applications of bacterial
flagellin as TLR-5 natural agonist have been
demonstrated.!'®" Nevertheless, the mechanisms
underlying the flagellin/TLR-5 interactions are
not completely understood. The computational
analysis of protein-protein interactions could provide
insights in to the binding of flagellin to TLR-5 and
TLR-5 activation. To date different interaction
sites (residues 386-407, 552-561, and 174-401) were
suggested in TLR5 structure.™1% In the present
study, to identify the most critical region and
residues of TLR-5 for the interaction with flagellin,
different truncated forms of TLR-5 were designed and
investigated via protein-protein interaction studies.
Our docking results indicated that truncated form
C, containing the central 228 amino acids (174-401)
of extracellular domain of TLR-5, shows the best
interaction tendency to the ligand while truncated
structure A and B present low-affinity toward
flagellin [Table 1]. This finding is consistent
with previous reports indicating that residues
552-560 (truncated form A) and 386-407 (truncated
form B) could not serve as flagellin binding sites.!**
According to the total free energy, the affinity of
truncated form C to flagellin is close to that of TLR-5
wild type [Table 1], suggesting that the deletion of
N and C terminal portions of TLR-5 doesn’t have an
important effect on the interaction of truncated form
C in comparison to the full-length TLR-5. This finding
is accordant with the previous studies, indicating
that the central portion of TLR-5 is responsible for
flagellin recognition.™ In order to find TLR-5 binding
sites, truncated form C/F1liC complex was selected
as the best docked complex for further molecular
interaction studies. Dimplot analysis indicated the
involvement of 18 amino acids in formation of nine
hydrogen bonds. The hydrogen bond lengths are
shown to be between 1.67-3.33 A and the smallest
hydrogen bond is found between Arg 306 of TLR-5
and Glu 405 of FliC [Figure 2]. Although, the short
distance between these amino acids indicates the
formation of a strong hydrogen bond, the obstruction
of the region containing residues 292-366 by a glycan
at the position of 342 of TLR-5,% may interfere with

the formation of hydrogen bond. This can also include
the interaction between Asp 313 and GIn 417. Other
seven amino acids are found to be crucial in flagellin
TLR-5 interaction. Amino acids Arg 224, Lys 252,
and Arg 287 from truncated form C made hydrogen
bonds with residues Ser 423, Thr 420, and Gln 409
of FIiC all these three amino acids are located in
conserved portion of FliC, which is known to form
the TLR-5 recognition site.'? Residues Phe 382,
Glu 384, and Lys 385 donate the hydrogen bonds to
amino acids Lys 378 and Asp 395 of F1iC. Although,
residues 395 and 378 are not located in conserved
recognition site of flagellin, the participation of three
adjacent residues in formation of hydrogen bonds
could indicate their potential role in interaction with
FliC. According to our results, all these seven amino
acid residues are located on the lateral side, near
the convex surface of TLR-5 [Figure 3]. In contrast,
structural studies of TLRs have shown that, in most
cases ligand binding occurs on the ascending lateral
surface (dimmer interface) of the receptor, which
completely lacks N-linked glycans.??'?¥ However,
the formation of asymmetric dimmers of TLR-5 in
the absence of flagellin, suggests that TLR-5 may
recognize two flagellin molecule cooperatively,™®
which propose the different activation mechanism
for TLR-5. Additionally, the formation of molecular
contacts on the interface side of subdomains may
make this surface inaccessible to the large ligands
such as flagellin.

This in silico study provides the structural analysis of
TLR-5/agonist interaction and revealed the important
residues of TLR-5 involved in interaction with F1iC.
These results provide new insights in to potential drug
target sites of TLR-5, which may guide future TLR-5
targeting studies.

Figure 3: 3D structure of toll-like receptor-5 hetero dimmer. Red labeled
amino acids are involved in flagellin binding
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