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Abstract: Host microbial interactions had significant factors in maintains homeostasis and immune-
related activity. One such interaction made by Lactobacillus sp. with Surface layer proteins (Slps) had
been studied through a computational approach. Erb3 and alIB-B3, which are epithelial surface layer
receptors, are subjected to interact with the Slp homology model. Both cell surface receptors were
subjected to interact through computational docking, followed by molecular dynamics simulations
through the coarse-grain method to explore the conformational stability. Through the implementation
of the molecular docking for the surface layer protein A, we have shown the surface layer protein A,
protein-protein interactions are higher in cellular receptors with epidermal growth factor receptor at an
-34.45 AG and -51.19 AG through molecular docking with Erb3 and alIB-B3. This study shows the
unique interaction of Slp with the epithelial surface receptors like Erb3 and ollB-B3, which are
multipurpose applications in microbial-based drug therapeutics.
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1. Introduction

The upregulation and the downregulation of the cytosolic epithelial markers are the
primary sources for current cancer diagnosis [1,2]. Based on the hallmark, are two main protein
components are usually studied in cancer progression, which includes the predominant
epithelial markers like epidermal growth factor receptor (EGFR/ Erb3) and Platelet integrin
(olIB-B3) [3]. The ErbB family tyrosine kinase (EGFR related protein) is crucial in the
diagnosis of many cancers [4] and potential targeting drug receptors in the pharma [5-7]. In
contrast, alIB-f3 belongs to the tyrosine phosphatase family who expresses antigens presence,
leading to T-cells [8,9]. Due to the increasing need for reliable drug assessment and
development, many studies progress on these two receptors (EGFR and alIB-$3) [10,11].
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There is a considerable presence of normal flora through the evolution of human
existence through symbiotic relationships [12,13]. These human microbial interactions are now
growing a vital interest in understating the immune system's regulation as immune modulators
and metabolic regulators from the past few decades [14-16]. One of the associations includes
the gut microbial interactions in humans by the Lactobacillus species was well studied at the
molecular level. Lactobacillus sp. is essential in human intestinal colonization; besides, they
possess significant protein structure components called surface layer proteins (Slp) [17]. These
proteins are outer structures of cell envelope identified in numerous other domains of Bacteria
and Archaea. Slps are recognized in many species of Lactobacillus sp. such as L. acidophilus,
L. buchneri, L. helveticus, L. bulgaricus, and L. brevis [18,19]. These proteins are
monomolecular crystalline arrays consisting of proteins or glycoproteins subunits, whose
molecular weights range from 40 - 200 KDa [16].

Most scientific reports convey the critical importance of Slps as human
immunomodulators and transducers [20-22]. The molecular mechanisms of cross-link between
bacteria and the host organism system will understand the benefits and potential risks
associated with the bacterial combined therapies. The immune-modulatory effect of the Slp
had a significant impact on the human immune system [23,24]. Some research studies show
the epithelial and macrophage cell line model's role in awaking innate immunity [25,26]. The
high potency of Lactobacilli as affiliates to normal intestinal microbiota and their potential
biotechnological applications has been well recognized [27,28]. Recent studies showed that the
bacterial strain's binding activity with the help of Slp triggers the immune effects mainly
through the host cell system's cell wall integrity by TLR4 receptors [29,30]. The
proinflammatory activity of the Slp of Lactobacillus sp. may exhibit the efficacy of maintaining
the human homeostasis of apoptosis and enhancing the Immunomodulation like pro-
inflammations activating the macrophages. Considering the exclusive nature of the binding
efficacy of the Slp protein towards the host gastrointestinal tract (GIT) and providing the host
immunomodulatory effects, the molecular interactions between these host-microbial protein-
protein interactions (PPI) are poorly understood [31,32].

In the present study, we showed the molecular PPI in Lactobacillus brevis surface layer
protein A, with the upregulated cancer cell receptors Erb3 and alIB-B3. This may provide a
piece of important information in the cellular targeting of the bacterial surface layer protein's
cell-specific activity towards understanding the cancers and their immune modulations during
the host-microbial interactions.

2. Materials and Methods

2.1. Homology modeling of the surface layer protein A (SIpA).

Due course, in the search for the surface layer protein X-Ray and NMR models from
the protein data bank (rcsb.org) [33], it doesn't provide satisfactory results us choose for the
alternative method for protein structure. We used the L. brevis KB290 SIpA protein chain as a
model sequence from the NCBI database (ncbi.nlm.nih.gov) [34, 35]. Swiss-model
(swissmodel.expasy.org) [36] was chosen to deduce the homology model for the SIpA through
the first approach mode with auto coordinates unavailability of the reference template. The
generated model was recorded and analyzed for stability and nativity through the Molprobity
[37], Qmean [38], and ProSA [39] online servers for the reliability of the structure for further
study.
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2.2. Receptors and ligand preparation.

Erb3 (2L9U) [40] and olIB-B3 (2KNC) [41] protein cell receptors were searched and
adopted from the rcsh.org (protein data bank), based on the Lactobacillus sp. bound to the GIT.
The receptors are directly downloaded to the discovery studio client [42] and Swiss-Pdb viewer
[43] through the application search. The protein structures (2L9U and 2KNC as the receptor
and SIpA as a ligand) are refined and energy minimized through the application tools by
removing the heteroatoms and water molecules to achieve the absolute structures for molecular
docking.

2.3. Molecular docking.

Considering the large volume of atomic events for PPI, the molecularly docking was
done using Cluspro 2.0, a CAPRI-based docking assessment [44], and PatchDock is a surface
geometry-based ranking system [45] web server application. The generated results from the
respective web servers are verified for the ranking patterns and analyzed for the effective PPI
process.

2.4. Molecular simulations.

The flexibility and rigidity of the protein and PPI are the most critical factors in
establishing the protein's stability during the interactions under physiological conditions. Based
on the assessment of B-factors and rmsf values for a given protein, residual fluctuations provide
detailed evidence of conformational stability. This operation was done using the CABS-Flex
2.0 webserver [46].

3. Results and Discussion

The structural data, as shown in Figure 1, of L. brevis KB290 from the NCBI and Swiss-
Model database, shows that it is a polypeptide with a single chain consists of 469 amino acid
with a large part of A (Alanine), T (Threonine), S (Serine), G (Glycine), V (Valine), K (Lysine)
and Y (Tyrosine) amino acids, which contain 90% of B-sheet secondary structure, 8% loops
and 2% of a-helix in the SIpA protein structure. The Swiss-model prediction of SIpA structure
shows a factor of Z=-5.6 conformational confidence and 65% coverage of structural database
for proteins. The conformational stability of the SIpA was verified by the results of the
Ramachandran plot of the protein (SIpA.pdb file) generated from the Swiss-Model with Qmean
integration provided the basic aspects of the protein structure in its tertiary form with allowed
97.9% conformation was established with highly favored regions around 90.6% of the structure
which are shown in Fig ESM_1 and Fig ESM_2.

The docking scores generated from simple CPU-based program execution with little
manual inference in ClusPro 2.0 webserver provided the results organized in ranked by the
program to its lowest energy scores among all the clusters for each interaction to compare and
illustrate the interactions. The Lactobacillus sp. binding to the host intestinal receptors was still
poorly understood [32,47]. Here in this study, we approach getting the protein, which involves
the signal transduction's surface receptors, affecting cells' growth and development, including
the Erb3 and alIB-f3.

The Erb3 (PDB ID 2L9U) transmembrane heterodimeric protein, a tyrosine kinase
receptor, belongs to the epidermal growth factor receptor (EGFR/ERBB) family domain helps
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in the regulation of cell growth and development. The scores from the interaction of SIpA to
Erb3 include the lowest energy scores based on the coefficient weights of balanced,
electrostatic, hydrophobic and Van der Waals interactions; these scores were —1048, —1120,
—1507and—138.4, respectively. While the allB-f3 (PDB ID 2KNC) platelet integrin
transmembrane heterodimeric protein, which is a platelet cell membrane receptor for platelet
function and homeostasis. The scores from the interaction of SIpA to Erb3 include the lowest
energy scores based on the coefficient weights of balanced, electrostatic, hydrophobic and Van
der Waals interactions; these scores were —1111.6, —1082, —1714, and —435, respectively, the
compared results are mentioned in Table 1.
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Figure 1. Molecular illustration of the Surface layer protein of Lactobacillus brevis KB290. (a) Cartoon image
of SIpA with color impression showing the secondary structure in its native conformations; (b) ProSA based
theoretical deduction of conformational validity with lower errors, the protein is shown at the subset X-ray and
NMR protein database; (c) Primary structure representation with support to the above cartoon image.

The measured bond lengths between the protein's receptor and ligand protein-protein
interactions were 3.0 to 4.0 A at phenylalanine of 2L9U (PHE-663) glycine of SIpA (GLY-
109), as shown in Figure 2. While the interactions of methionine of 2KNC (MET-686) with
tyrosine of SIpA (TYR-127), as shown in Figure 3. This in-silico binding experiment showed
that SIpA could strongly interfere in the binding of Erb2 and alIB-3 at position alanine (ALA-
136) phenylalanine (PHE- 135). Besides, the binding sites of SlpA to Erb2 and olIB-B3 at
amino acid residues 168-228 could prevent the binding of SIpA by the respective receptors.
Although the mode of action of SIpA was reported as membrane dissociation of the
microorganism, this in-silico binding result suggested an additional effort of SIpA via Erb2 and
alIB-B3. Along with Cluspro interaction, a different PatchDock molecular docking server was
used to deduce the global energies for the PPI interaction of the SIpA base on the surface
geometries. The results are quite impressive as we expected for the Cluspro 2.0 webserver data
was matched with the data from the PatchDock for the SIpA interaction with Erb2 showed the
AG (free energies) -34.45 Kcal/mol and SIpA interaction with alIB-B3 showed the AG -51.19
Kcal/mol, the results are compared in Table 2.
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Figure 2. SIpA docking (color-coded for dark green) with Erb2 (EGFR/ERBB) functional transmembrane domain

(which represented the heterodimeric protein chains in color-coded with yellow [chain A] and cyan blue [chain B]).
(a) Surface representation of the molecular docking, contact surface was represented with pale yellow color-coded,;
(b) cartoon representation with primary structure showed the interacted amino acids at their respective distances.
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Figure 3. SIpA docking (color-coded for dark green) with the allB-f3 functional transmembrane domain of
platelets (which represented the heterodimeric protein chains in color-coded with yellow [chain A] and cyan
blue [chain B]). (a) Surface representation of the molecular docking, contact surface was represented with pale
yellow color-coded; (b) cartoon representation with primary structure showed the interacted amino acids at their
respective distances.
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In support of the molecular docking, the root-mean-square fluctuation was presented in
Figure 4 for Erb2 and Figure 5 for alIB-B3 through the CABS flex 2.0 web server, which
showed the information on the flexibility and rigidity of the PPI through the coarse-grained
protein modeling. The output results are plotted concerning the SIpA bounded receptor, and
unbounded receptors are compared, showing the considerable fluctuations in the SIpA structure
in bounded form rather than in a free state. The residual contact points are shown in Fig ESM_3.
This suggests the higher conformations rigidity of the SIpA suitable for the binding associations
mentioned in the above molecular docking concept.
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Figure 4. Molecular dynamics with CABS flex server 2.0 representations for rmsf based conformational coarse
grain fluctuations for the flexibility and rigidity of the SIpA protein bounded and unbounded form with the
receptors Erb2 transmembrane domain. (a) rmsf vs residual plots with lower flexibilities at their bounded form
of SIpA protein; (b) Cartoon.
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Figure 5. Molecular dynamics with CABS flex server 2.0 representations for rmsf based conformational coarse
grain fluctuations for the flexibility and rigidity of the SIpA protein bounded and unbounded form with the
receptors allB-fB3 transmembrane domain. (a) rmsf vs. residual plots with lower flexibilities at their bounded
form of SlIpA protein; (b) Cartoon /Surface representations of initial to final fluctuations shown in the group
embed form of the PPI.

Based on the results, as mentioned above. The interaction perspectives and application
of the SIpA PPI, few works of literature have said this study's interaction. Erb2 and Epidermal
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growth factor receptors are the potential receptors in treating cancer and related infections. The
outer surfaces of the cells in cancer are upregulated, providing a broad scope to the activity of
the drugs specific to the EGFR [47, 48]. Lactobacillus, one of the gut microorganisms, can
access the EGFR, virtually shown in this docking study. The anti-inflammatory effect of the
SIpA had been proved by binding to the alIB-B3 receptor of platelet cells. Studies from Rubio
et al. (2017) discussed the importance of the surface layer protein, which shows cytotoxicity
when surface layer protein was incubated with the breast cancer cells MDA-MB-231 through
the epidermal growth receptors [49-51]. Altin et al. (1997) shown the effect of Slps in T-cell
activation through the similar receptor mechanism [17], Li et al. (2011) suggested the inhibition
of the Caco-2 cells [46], Zhong et al. (2014) demonstrated the lactic acid bacteria shows the
anti-tumor activity towards the colorectal cancers through the PPI [31]. The human blood group
A, trisaccharide, acts as a receptor for the Slp of a human L. brevis considering the nine N-
terminal amino acids of the Slp [28].
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Figure 6. Graphical abstract of the SIpA protein's theoretical binding with the Erb2/ alIB-B3 transmembrane
domain at their respective resolutions.

Table 1. Molecular docking solutions of ClusPro 2.0 coefficient weights through lowest energies of PPI clusters

Protein-protein Interactions Balanced Electrostatic Hydrophobic Van der Waals
2L9U_SIpA —1048 -1120 —1507 —-138.4
2KNC_SIpA -1111.6 -1082 -1714 —435

When involved in the expression of several proinflammatory cytokines and a
therapeutic target in a wide range of autoinflammatory diseases in the presence of L. helveticus
MIMLNh5 in Caco-2 (the human epithelial cell line) results in reduced levels of transcriptional

factor NF-«B activity [50], and that other studies revealed the significant scope of Lactobacillus
https://biointerfaceresearch.com/ 426
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sp. This supports that the movement of the SIpA was so peculiar in compatible binding towards
the upregulation or downregulation of the specific markers of the cancers [52-54]. These PPI
interactions are shown here through this computational study. Further work is in progress in
developing the reaction mechanism towards inhibition or cytotoxicity, leading to the treatment
of the cancers based on the comprehensive discussion on the activity of the bacterial protein
SIpA and other probiotics[55-58]. This study can help understand the host-microbial
relationships in treating dreadful diseases like cancers and other GIT disorders with normal
microbiota. Further proof of concept in this study's PPI is needed through wet lab analysis to
observe the further applications in the host-microbial interactions [59,60].

Table 2. Molecular docking solutions of PatchDock coefficients through free energies of PPI

Protein-protein Interactions AG ACE
2L9U_SIpA -34.45 -2.49
2KNC_SIpA -51.19 -7.97

4. Conclusions

In conclusion, for this study, Lactobacillus is considered the probiotic bacteria involved
in the GIT tract's homeostasis through symbiotic and normal microbial relationships in human
beings and other higher-order species. Based on the literature, the L. brevis and other
lactobacillus species' binding activity involves regulating the cell surface receptor to activate
proinflammatory and immunomodulatory effects. This study made an addon note for the
molecular interactions through the molecular docking and simulation studies in a fundamental
understating of the SIpA PPI concept.
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