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Abstract

Original Research Article |

Vibrio cholerae N-acetylglucosamine binding protein (GbpA), a secretory colonization factor which is essential for
adherence to chitin rich surfaces in environment as well as in intestinal lining. It was previously shown to interact with
Toll like receptor 2 on host cells and induce inflammatory response. However, the detailed image of the GbpA-TLR2
interaction is yet to elucidate. In this study using confocal imaging we have found that GbpA co-localize with TLR2 on
host cell surface. The predicted model of GbpA-TLR2 complex using molecular docking analysis revealed that the
concave surface of TLR2 was involved in H-bond interaction with domain 1 of GbpA. With this study we provide insight
into V.cholerae specific host-microbe interaction involving GbpA and TLR2.
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INTRODUCTION

Attachment of Vibrio cholerae to intestinal
epithelium is the first important step in pathogenesis of
cholera. N-acetylglucosamine binding protein A
(GbpA), the gene product of locus VCAOQ811, plays a key
role in this adherence process. It is a chitin-binding
protein known to be a common adhesin for chitinous
surfaces as well as intestinal epithelium [Kirn T.J et al.,
2005, Bhowmick R et al., 2008]. GbpA is a secretory
colonization factor of V. cholerae and it mainly remains
in the culture supernatant of bacteria [Kirn.T.J et al.,
2005]. However, it is also found in bacterial surface
bound form [Bhowmick R et al., 2008, Wong E et al.,
2012].

The structural analysis of GbpA has indicated
that amongst its four domains, the first domain is
responsible for binding to chitin and intestinal mucin
during colonization whereas domains 2 and 3 were
anchoring the protein on the bacterial cell surface; the
domain 4 was found structurally similar to chitinase
chitin binding domain of Serratia marcescens [Wong E
et al., 2012].GbpA was considered as an important
member of V. cholerae chitin utilization programme and
essential for bacterial attachment to chitinous surface for
chitin utilization. This chitin-binding protein was
detected to be an important factor of V. cholerae for
specific attachment to chitin [Montgomery MT et al.,
1992]. Deletion of this resulted in reduced interaction
with chitin leading to diminished chitin utilization [5
Meibom K.L et al., 2004]. It was identified as an

adhesion factor for the natural surfaces displaying N-
acetylglucosamine (GlcNAc) and its oligomers [Meibom
K.L etal., 2004].

It has been reported that GbpA can induce
mucus secretion in intestinal cells and is the factor
bridging V. cholerae and mucin in the host [Bhowmick
R etal., 2008]. Furthermore, GbpA was found to interact
with intestinal cells and modulate the host cell behavior
with certain implications in disease pathogenesis. It has
been found to trigger accumulation of reactive oxygen
species in host cells which in tumn resulted in necrotic cell
death [Mandal S et al., 2016].

The binding of GbpA with GIcNAc and mucin
has been studied and well documented. However, the
interaction of GbpA with host cell surface molecule is
least explored and still unclear. The host cell surface
molecule interacting with it for carrying the early
inflammatory signal into the cell interior is still to be
identified.

Toll-like receptors (TLRs) superfamily consists
of a large group of receptors, which have evolved to
recognize a wide range of molecular patterns associated
with microbes. TLR signaling involves the up-regulation
of pro-inflammatory cytokines, chemokines and the
induction of a local-immune response [Harris G et al.,
2006]. Here, we evaluated the interaction between the
Toll-like receptors 2 (TLRs) and GbpA and found that
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domain 1 of GbpA is involved in interaction with the
concave surface of TLR2.

MATERIALS AND METHODS

Expression and Purification of Recombinant GbpA
Recombinant GbpA was expressed in E.coli

C43 cells harbouring the pET22b vector encoding the

gbpA gene (VCA0811) and purified from the bacterial

lysate following the previously described method [Wong

Eetal., 2012].

Cell Culture

Human colonic epithelial cell line HT29 was
cultured in complete McCoy’s 5A (Sigma, St Louis,
USA) supplemented with 10% Fetal Calf Serum
(Eurobio, Paris, France), Non-essential amino acids and
Penicillin-Streptomycin  (MP  Biomedicals, USA).
HEK?293-TLR2 cell line was cultured and maintained in
DMEM supplemented with 10% Fetal Calf Serum
(Eurobio, France), Non-essential amino acids, Penicillin-
Streptomycin (MP Biomedicals, USA) and 100 ug ml?
blasticidin (MP Biomedicals, USA). Confluent
monolayers were starved in incomplete medium specific
for the cell line (with 0.5% FCS) for overnight before
treatment with GbpA.

Labeling of Recombinant GbpA Protein with Amine-
Reactive Probe

To be used in confocal microscopy the purified
GbpA protein was labelled with the amine-reactive
fluorescent dye rhodamine-succinimidyl ester following
the method described in amine-reactive probe tagging
protocol supplied by ThermoFisher Scientific. In brief,
the g-amino groups of lysine residues present in GbpA
were targeted for labelling purpose. Firstly, the purified
protein solution (1 mg ml?) was dialysed in PBS
solution. The fluorescent dye dissolved in DMSO (10 mg
ml-*) was added slowly to the protein solution under mild
vortex. The reaction was incubated overnight at 4°C with
continuous stirring. To separate the unreacted labelling
reagent from the conjugate, extensive dialysis was
carried out against PBS solution at 4°C. The conjugate
was stored for further usage under the same conditions
used for the parent protein.

Co-Localization Study by Confocal Microscopy

HT29 cells were seeded and grown overnight
on coverslips and then incubated with 250 ng pl?! of
GbpA-rhodamine in DMEM medium for 1 h at 37°C.
After two washes with PBS cells were incubated with
anti-TLR2 Alexafluor 488-conjugated mAb for 1 h at
ambient temperature. The cells were washed and
mounted with antifade reagent containing DAPI (Life
technologies). Confocal microscopy was performed for
studying the co-localization of GbpA and TLR2 using
confocal microscope. The co-localization correlation co-
efficient was determined by analysing the images using
the Nikon NIS-Element software.

Ligand- Receptor (GbpA- TLR2/1) Interaction by in
Silico Approach

To check the interaction pattern of GbpA with
TLR2, we retrieved the crystal structures of GbpA and
TLR2/1 heterodimer from Protein Data Bank. The PDB
ID for TLR2/1heterodimer [PubMed: 17889651] and
GbpA [PubMed: 22253590] are 2780 and 2XWX
respectively. Protein-protein docking was performed
with these two crystal structures using Clus Pro 2.0
protein-protein docking server (http://cluspro.bu.edu)
under default parameters.

RESULTS
GbpA Binds to TLR2 on Host Cell Surface

The molecular interaction between GbpA and
its cognate receptor TLR2, a confocal study was
performed in HT29 cells. The fluorescence microscopy
analysis revealed that the rhodamine-tagged GbpA finely
co-localized with TLR-2 (Fig.1). From the co-
localization pattern of GbpA and TLR2 it was evident
that the protein interacts with the host cell surface
receptor TLR2. The yellow coloured region in the
merged image prominently indicated the interaction of
GbpA with its cognate receptor TLR2. The Pearson’s R-
value was found to be 0.95 which denoted the fine co-
localization of the two fluorescent probes.

TLR2 is involved in Interaction with GbpA

The interaction of GbpA with TLR2/1
heterodimer on cell surface was predicted by protein-
protein docking analysis using ClusPro 2.0 protein-
protein docking server for our prediction. The predicted
model suggested that GbpA most likely to interact with
the central domain of the concave surface of TLR2/1
heterodimer (Fig.3). Here we found out the most
favourable site of GbpA binding to TLR2. The resulted
93 complexes from four different predictions (Balanced,
Electrostatic-favoured,  Hydrophobic-favoured and
Vander Waals interaction values) were analysed to get
the most favourable binding pose of GbpA with TLR2/1
heterodimer. In case of most of the complexes (78 out of
93 conformations), GbpA bound to the concave surface
of TLR2 central domain (LRR). Further analysing these
78 conformations, we observed that the N-terminal
domain of GbpA is critical for interaction with TLR2. To
select the most favourable binding pose out of all these
interactions we have used three parameters; H-bond
count, lowest energy value and electrostatic charge
complementarity. The final selection of GbpA complex
consists of 33 H-bond interactions involving the residues
from concave surface of TLR2 central domain and with
a lowest binding free energy value of (-)770.7 kcal/mol.

The hydrophobic region of GbpA comprising
residues 11e82-Leu93 (IASAESALAAAL) positioned at
the middle of the TLR2 concave surface which is mostly
negatively charged due to the presence of three
consecutive Glutamic acid residues (residue number:
Glul77, Glul78 and Glul80. It is a highly electrostatic
favourable interaction between GbpA and TLR2 as
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evident by the H-bond interaction patterns. The
negatively charged residues of GbpA: Glu51, Glu62,
Glu67, Glu86 and Aspl88 interacted with positively
charged residues Lys37, Lys253, Arg257, Arg286,

Lys305 and Lys339 of TLR2, while positively charged
residues from GbpA: Arg78 and Lys81 were found to
interact with Glul77, Glu225 and Glu281 of TLR2.
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Fig. 1: Schematic diagram showing the chemical reaction of labelling protein GbpA with fluorescent dye rhodamine

(1) DAPI (i1) TLR2

Combined

Fig. 2: GbpA binds with TLR2 on host cell surface.

Confocal images of HT-29 cells treated with
rhodamine- tagged GbpA (red fluorescence). Green
fluorescence corresponds to TLR-2 on cell surface. DNA
in HT-29 cells was stained blue with DAPI. Co-

localization of GbpA and TLR-2 was shown in the
enlarged version of the merged image. The original
magnification was 63X. Bar, 20um.

Fig. 3: The concave surface of TLR2 is involved in GbpA binding
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In silico model of TLR2-TLR1 heterodimer
(PDB: 2781) and GbpA (PDB: 2XWX) complex. Image
is showing H-bond interaction between GbpA (Magenta)
and TLR2 (Green). H-bonds are represented by blue
dotted lines.

DISCUSSION

Recent studies have started elucidating role of
GbpA in eliciting host responses [Bhowmick R et al.,
2008, Mandal S et al., 2016]. In this study we evaluated
the interaction of GbpA with TLR2. Here we have shown
the binding of GbpA with TLR2 through cell imaging
and molecular docking analysis. TLR2 has been well
documented as a sensor molecule for bacterial ligands
where it was found to trigger immune responses in host
cells [Swaminathan V et al., 2013, Furrie E et al., 2005,
Soong G et al, 2004 and Faure E et al., 2001].
Lipoproteins, lipoteichoic acid (LTA), Outer membrane
proteins (Omp) and peptidoglycan (PGN) from different
bacteria have been reported to induce host cellular
responses via TLR2 [Segawa T et al., 2013, Villarino
R.R et al., 2016, Nahid M.A et al., 2013, Cervantes-
Barragan L et al., 2009, Kinsner A et al., 2006, Fisette
P.L et al., 2003, Kang SS et al., 2015, Bhowmick R et
al., 2014]. Previous studies have reported that intestinal
cells are not responsive towards TLR2 bacterial ligands
[Melmed G et al., 2003]. However, a number of studies
have revealed that TLR2 was involved in eliciting
immune response via MyD88-dependent or independent
pathways in HT29 intestinal cells [Lee KD et al., 2010,
Gao Qetal., 2012, Cario E et al., 2004].

The molecular docking analysis produced a
hypothetical model showing the amino acid residues
involved in the interaction in GbpA-TLR2/1 complex.
This was done based on a previous study where the tri-
acylated lipopeptide has been reported to induce the
formation of a “‘m” shaped heterodimer of TLR1 and
TLR2 [Jin M.S et al., 2007]. The structure prediction
revealed that the domain-1 of GbpA was involved in
binding with the concave surface of TLR2.

CONCLUSION

Through this work we were able to show for the
first time the interaction between GbpA and TLR2 at a
molecular level. The cell imaging showing the binding
of GbpA protein with host cell surface receptor TLR2
was an important illustration reinforcing the previous
findings. The molecular docking analysis further helped
to study the molecular interaction between the two
counterparts and revealed the key amino acids residues
engaged in the interaction. However, this structural
prediction needs deeper analysis employing site directed
mutagenesis of key amino acids of GbpA and TLR2.
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