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Abstract
We analyzed the evolutionary characteristics of the predicted lectin-like adhesins to construct a lectin-glycan interaction network (LGI). A total of 20,603
assembled Esherichia. coli sequences were retrieved from NCBI, including 2,240 strains with Shiga toxin in their genome. A strain isolated from a Korean
patient with diarrhea, EHEC NCCP14539, was also sequenced. The outer-membrane embedded proteins which could be adhesins were predicted from the
annotated genes of E. coli strains. In addition, we performed a phylogenetic analysis using the �mH gene, a well-known adhesin of enterohemorrhagic E. coli
(EHEC). Multiple sequence alignment of the 2,204 E. coli strains yielded an evolutionary tree. Multi-locus sequence typing-based phylogenetic analysis
revealed that NCCP14539 is the ancestor of 70 EHEC strains. An experiment was conducted to �nd an FimH inhibitor using NCCP14539 strain. Using a T7
phage display method, FimH was selected as an adherent lectin from the GM1- and Gb3- attached lectins. Through simulation docking, we then con�rmed
that Gb3 has a stronger binding ability to FimH and inferred the binding site sequence. Thus, our results provide evidence that Gb3-derived peptides can act as
novel agents to block FimH binding and prevent infection by EHEC.

Introduction
A class of virulence proteins, called lectin-like virulence proteins, is responsible for the pathogenesis of bacterial infections, and it may be exploited as a
therapeutic target or vaccine components [1]. Bacterial adhesins are lectin proteins that have the ability to adhere to host cells and they have a variety of
structural topologies [2]. Pili and �mbriae are some of the structures found in bacteria. These bind to host cell surface receptor proteins and participate in a
variety of biological processes, including cross-membrane tracking, invasion, and migration [3]. They can be toxic to the host, causing in�ammation [4].
Mannose supplementation or receptor inhibition may affect the adhesin–receptor interaction in certain adhesins, such as mannose, which is critical in
immunological activation. The PilA glycoprotein from Acinetobacter baumannii binds to host cell selectins and carcinoembryonic antigen-related cell
adhesion molecules (CEACAMs) [5]. Other lectin-like proteins include Escherichia coli's surface antigen 20 (CS20) and �mbriae protein SfaS; Hemophilus
in�uenzae's surface-adhesin protein E; Neisseria meningitidis's autotransporter adhesin; and Salmonella enterica serovar Enteritidis's ShdA, MisL, Sad, and
BapA [6]. These proteins adhere to the host gut by the binding of lectin-like adhesins to host cell receptors that comprise glycans, resulting in lectin-glycan
interactions (LGIs) [7].

E. coli is rod-shaped gram-negative bacterium that is often found in the lower intestines of warm-blooded organisms, including humans [8]. Most E. coli
serotypes are non-pathogenic, but some serotypes can cause food poisoning, such as Enterohemorrhagic Escherichia coli (EHEC). One of the major serotypes
of this group is O157:H7. Infection with this type of pathogenic E. coli can lead to hemorrhagic colitis or hemolytic uremic syndrome (HUS) [9, 10]. Since the
�rst con�rmation of O157:H7 as a human pathogen in 1982, sporadic outbreaks of it infection have been reported in various regions of the world. There has
been a long-term epidemic in Japan, and this strain has been recognized as an epidemiologically important infectious pathogen [11]. The Shiga-like toxins
Stx1 and Stx2 are expressed in E. coli O157:H7. The genes encoding these toxins may be horizontally transmitted to E. coli or other Enterobacteriaceae
species through prophage [12], enabling the transformation of non- Shiga-like toxin-generationg strains into Shiga-like toxin producing strains [13]. Shiga
toxins produced by Shiga toxin-producing E. coli (STEC) are mostly directed at capillary endothelial cells. Shiga toxins speci�cally target the
globotriaosylceramide receptor on cells, and bacteria enter cells through receptor-mediated endocytosis [14]. Shiga toxins prevent protein synthesis by
cleaving an adenine base from infected cells' ribosomes [15]. As demonstrated in HUS [14], this obstruction may result in renal failure. Despite the prevalence
of serotype STEC O157 strains, we identi�ed a novel STEC O26 strain, EHEC NCCP14539. We sequenced its genome to uncover novel genes and to gain a
better understanding of the strain's evolution.

The majority of gram-negative bacteria produce adhesins, and in many insstances, the adhesin's activity is mediated by a tiny component protein located at
the tip of each �mbriae. For example, the bacterial adhesin FimH is responsible for the adhesion of E. coli to host intestinal cells via the activation of their
glycan receptors, such as CD48 and TLR4, or via binding to mannose residues. Various attempts have been made to produce anti-adhesion vaccines,
including those based on anti-FimH antibodies. Passive immunization with anti-FimH antibodies has been demonstrated to signi�cantly reduce uropathogenic
E. coli colonization in animal models [16]. On the contrary,the lectin-like adhesins of E. coli, are not currently catalogued, making their subsequent use in
vaccine development more di�cult. As a result, further exploration of E. coli adhesins at the genome-wide level is desirable.

Thus, in this study, we used whole-genome sequencing to elucidate the genetic origins and evolution of NCCP14539, which was isolated from a patient with
diarrhea. Additionally, we compared the genomes of NCCP14539 and a reference strain, EDL933, to examine their evolution and phylogenetic relationship [17].
Furthermore, we attempted to isolate FimH binding inhibitors using T7 phage display, docking simulation, and a binding test, in order to facilitate the discovery
of therapeutics for the prevention of EHEC infection during the initial stage of the illness.

Results
Genomic features of NCCP14539. A total of 325,481,384 (39,050,715,080 bp) paired-end reads were generated using IonTorrent. Using the PacBio RS II
platform, 52,853 (482,609,715 bp) raw reads were produced. The complete genome of NCCP14539 consists of a 5,315,402 bp circular chromosome. Rapid
Annotation using Subsystem Technology (RAST) analysis revealed 4,555 putative open reading frames (ORFs) and 31 RNA genes, of which 4,181 (80.6% )
could be functionally annotated (Fig. 1). Among the subsystems, the central glucose metabolism (439 ORFs) and amino acids and derivatives (342 ORFs)
subsystems were considerably more abundant (17.1% ). We speculate that NCCP14539 has evolved systems that can utilize various carbohydrates in addition
to protein in order to adapt to extreme environment in the hosts. A large number of ORFs was also associated with the “Amino acids and derivatives” (342
ORFs), “Membrane transport” (114 ORFs) and “cofactors, vitamins, prosthetic groups, and pigments” (174 ORFs) subsystems. Although NCCP14539 belongs
to serotype O26, it has more virulence factors (213) than EDL933. As a result, we were interested in unveiling novel virulence factors in the NCCP14539
genome. Table 2 summarizes the traits discovered using sequence analysis, and they include a variety of pilus and �mbriae genes and their related operons.
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NCCP14539 only generates the Shiga toxin Stx1 (stx1A and stx1B). NCCP14539 possesses nine distinct virulence genes, as determined by comparison with E.
coli O157:H7 str. EDL933. NCCP14539 has 26 virulence genes, 17 of which have previously been identi�ed in two the other strains.

Evolutionary analysis of NCCP14539 with other EHEC strains. The phylogenetic comparison of gene candidates predicted by seed [18] revealed Shigella
�exneri 2a str. 2457T as the closest neighbor of NCCP14539 (score 524). To determine the complete evolutionary history of NCCP14539, we conducted a
multiple sequence alignment analysis of 2,204 STEC strains, including NCCP14539 (Fig. 2, Supplementary Materials 1: Table S1) and S. �exneri 2a str. 2457T
(Fig. 2, Supplementary Materials 1: Table S1). Multi-locus sequence typing (MLST)-based phylogenetic analysis revealed that NCCP14539 did not cluster with
E. coli O157:H7 str. EDL933 nor S. �exneri 2a str. 2457T. NCCP14539 was an ancestor of 70 EHEC strains rather than a sibling. Meanwhile, two NCCP strains,
NCCP15736 and NCCP15737, previously reported by us were near EDL933, but NCCP15738 and NCCP15739 were distant from EDL933 in the phylogenetic
tree (Fig. 2). A comparison of NCCP14539 genes with those of the reference strain E. coli O157:H7 str. EDL933 revealed that although the majority of
NCCP14539's functional genes were preserved in the reference strain, 236 genes were unique (Supplementary Materials 2: Table S2). The genes encoding
phage-associated proteins, a two-component signal transduction system, conjugation, the �agellum, nucleotide-binding proteins, and metal ion binding
proteins were all unique in NCCP14539 indicating phenotypic variations resulting from environmental adaptation. We speculate that horizontal gene transfer
(HGT) in NCCP14539 is the major machinery for transferring virulence factors.

Gene-based subtyping of EHEC strains in relation to LGI. Owing to the vast diversity of E. coli, reliance on gene-based subtyping may result in the identi�cation
of new groups of closely related isolates as a result of gene variation or links among unrelated isolates due to recombination. Therefore, we used a gene-
based technique to classify the genomes into lineages of closely related isolates. For the gene-based subtyping, we selected a gene, �mH, as the gene encodes
a major adhesin in EHEC strains. Based on the gene-based subtyping described above, the grouping produced two major lineages. NCCP14539 belongs to the
large clade (Fig. 3) and this suggests that the strain has a general mechanism of lectin-glycan interaction. We predicted putative adhesins-coding genes in the
NCCP14539 genome, compared them with those in EDL933 and other NCCP strains, and found that NCCP14539 has less putative adhesins than the other
strains. Table 3 summarizes the potential adhesins found using the e-Membranome pipeline, which also contains a variety of pilus and �mbriae genes and
their related operons. When potential adhesins were selected, they were examined using the e-membranome evaluation index calculation formula [27, 43].

Phage-displayed peptide library to �nd a lectin receptor: FimH in EHEC NCCP14539 strain. In this method, a phage infects bacteria and is exhibited on a bead
covered with glycan, and the DNA of the adherent phage is sequenced to reveal the encoded proteins, thus detecting bacterial lectin. cDNA of each strain was
synthesized, and a phage library was created. Immunoscreening processes were carried out in accordance with industry standards. Approximately 500
plaques were produced from each biopanning, and then, they were placed on separate Hybond TM-N + nylon membranes. A vast number of phage clones were
analyzed in this manner, and each clone was created from a distinct virus. The plaque lift assay revealed lectin factors linked to Gb3 and GM1a glycan (Fig.
4A). Furthermore, this method enabled us to decipher the structure of the pathogen's lectin and to identify the site of attachment to the host's receptor. Docking
simulations with FimH, a lectin candidate that binds to Gb3 and GM1a glycans, were used to determine binding a�nity. We chose residues with a binding
a�nity of -3 kcal/mol or less for the FimH lectin residue interacting with the ligand, and − 3 kcal/mol or less for other ligands, to locate the lectin-binding
domain (LBD) of FimH. In addition, the binding strengths of GM1, Gb3, and FimH lectins were higher for Gb3 than for GM1a. Three LBDs at the anticipated
binding locations were discovered as a result (Fig. 4B and C). Therefore, FimH was analyzed as a possible lectin receptor.

Comparison of the adhesion a�nity of pathogenic enteric bacteria EHEC NCCP14539 strain. From our analysis, three LBDs were identi�ed. The peptide
candidate sequences for the binding site are mannose-6-phosphonate-conjugated CGTVLTRNETHATYS, CQCKQDFNITDISLL, and CYATPSSNATDPLKY, which
were named P1, P2, and P3, respectively. An adhesion test with FimH lectin of the separating strain was conducted. P2 was found to have the strongest
binding strength. Compared with the control, P1, P2, and P3 showed signi�cant variations in their capacity to bind to FimH (Fig. 5). We speculated that the
Gb3 glycan-like peptide may bind to FimH and affect its binding to host glycans.

Discussion
Both non-experimental and experimental methodologies are required to predict lectin candidate proteins in pathogenic bacteria. Genome-based screening is a
non-experimental technique to identify lectins from pathogenic bacteria [6]. EHEC strains are recognized as epidemiologically important infectious pathogens
as sporadic outbreaks of their infections can result in an epidemic [19, 20]. Therefore, it is important to perform genomic sequencing and investigate their
evolution [21]. To characterize the evolution of EHEC, we performed complete genome sequencing of the newly identi�ed STEC O26 strain NCCP14539 and
conducted comparative genomic analysis. The genome analysis showed that NCCP14539 possesses more metabolic systems, membrane transport
subsystems, and virulence factors than EDL933, although NCCP14539 also belongs to serotype O26. Moreover, the analysis of gene-based subtyping using
the �mH gene suggested that NCCP14539 belongs to the large group of EDL933. From these results, it can be assumed that NCCP14539 has a general
mechanism and machinery of lectin-glycan interaction of EHEC strains. Therefore, we used NCCP14539 for inhibitor evaluation against FimH.

FimH, which is a mannose-speci�c adhesin that mediates shear-enhanced bacterial adherence and is found at the tip of type 1 �mbriae of E. coli, plays an
important role in uropathogenic E. coli (UPEC) for the binding and colonization of urothelial cells (uroplakins), as well as UPEC invasion of bladder epithelial
cells [22]. FimH facilitates bacterial attachment to urothelial cells, which is the �rst stage in the infection process [23]. Itis made up of two domains, a pilin
domain associated with the �mbria and a mannose-binding lectin domain, with the binding pocket on the other side of the interdomain interface [24]. The anti-
FimH activity of several mannose derivatives has been shown and are consequently regarded to be potential therapeutic agents for the treatment of urinary
tract infections [25, 26]. However, in the case of EHEC and ETEC, the binding to FimH is not well understood. Thus, it is important to investigate the role of
FimH in EHECs.

Several studies have elucidated the interaction between pathogen lectins and host glycans during the early stages of infection [6, 7, 27]. We established an
experimental strategy and method to characterize the systemic LGI of pathogenic intestinal bacteria in the gastrointestinal tract. Thus, we conducted various
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experiments to analyze FimH inhibitors using NCCP14539, a strain isolated from a patient with diarrheal, as �eld isolates can be more useful for the discovery
of new medical agents than reference strains such as EDL933. We used the T7 phage display method to identify binding peptides or proteins to glycans [28–
30]. Plaques with a high concentration of GM1a and Gb3 were found to be associated with intestinal epithelial cells; thus, novel FimH-related lectins were
discovered.

Additionally, we demonstrated that Gb3 had a better binding capability to FimH than GM1a and used simulated docking to determine the binding site
sequence. Docking modeling was used to predict the structures of sugar chains that may bind to lectin ligands. These protein-ligand and sugar chain-lectin
ligand docking approaches were used to estimate the binding structure of ligands. Additionally, these strategies were used to identify and optimize binding
sites and candidate materials [6, 7, 27].

The array technology, which is used to assess the speci�city of the pathogen lectin for the host glycan, can be used to evaluate hundreds of samples
concurrently; moreover, itrequires only a small quantity of each sample [31]. By using qualitative or quantitative assessments of the speci�city of the pathogen
lectin for the host glycan, this approach may be utilized to identify a likely host glycoprotein that binds to an adhesin of a pathogen [32]. Here, we sought to
determine whether the adhesin was bound using the three Gb3 attachment peptide candidate groups P1, P2, and P3 and found that P2 has the highest
binding a�nity. These results suggest that the peptide may act as an important inhibitor restraining the adherence of EHEC to epithelial cells of the human
gastrointestinal tract during the initial stage of EHEC infection (Fig. 6). However, more experiments for the con�rmation of binding capacity using cell lines or
animal models are needed. The protein sequences and structures of pathogen lectins may aid the development of a vaccine or antibiotic substitute for
therapeutic usage.

Conclusions
We examined how pathogen lectins interact with host glycans early in infection. Reducing the treatment costs for intestinal infections will bene�t both public
health and the economy. We recommend further research on lectins and glycans to lay a foundation for developing therapies for gastrointestinal infections.

Methods
Strain, isolation, and serotyping. A fecal sample from a patient with diarrhea was plated on MacConkey agar directly or after enrichment in trypticase soy
broth containing vancomycin (Sigma Chemicals Co., St. Louis, MO). Candidate colonies were then plated on trypticase soy agar medium and biochemically
characterized using the API20E system (Biomerieux, Marcy l’Etoile, France). For O-antigen determination, we used the method described by Guinee et al [33],
using all available O (O1 to O181) antisera. Antisera were absorbed with the corresponding cross-reacting antigens to remove non-speci�c agglutinins. The O
antisera were produced at Laboratorio de Referencia de E. coli (Lugo, Spain [http://www.lugo.usc.es/ecoli]). This research was approved by the Research
Ethics Committee of the Korea Centers for Disease Control and Prevention, and written informed consent was obtained from the patient. The isolated strain
was deposited at the National Culture Collection for Pathogens (NCCP) at the Korea National Institute of Health under the accession number NCCP14539.
EHEC O157:H7 str. EDL933 was used as the reference strain. In addition, we included previously published EHEC strains that were isolated from Korea:
NCCP15736 [34], NCCP15737 [34], NCCP15738 [35] and NCCP15739 [36] for comparative genomic analysis (Table 1).

Library preparation and whole-genome sequencing. The genomic DNA of NCCP14539 was extracted from a culture of candidate colonies using a Wizard
Genomic DNA puri�cation kit (Promega, USA) according to the manufacturer’s instructions. Genomic DNA yield, purity, and concentration were evaluated using
0.8% agarose gel electrophoresis and a Nanodrop 1000 spectrophotometer (Thermo Fisher Scienti�c, USA). Three kinds of libraries were constructed for three
platforms (DNALink: Seoul, Republic of Korea). First, a mate-paired library with 1 to 10 kb insert size was constructed for the IonTorrent platform. Secondly,
PacBio RS II libraries were constructed and sequenced with 8 to 20 kb insert sizes. Third, a fosmid library with 30 kb average insert size (CopyControl Fosmid
library production kit, Epicenter, Madison, WI) was constructed and used as a template for the construction of the physical map. 325,481,384 reads
(39,050,715,080 bp) of raw reads with IonTorrent and 52,853 reads (482,609,715 bp) of raw reads with PacBio RS II were produced.

Genome assembly and annotation. A hybrid assembly was generated using SPAdes assembler (version 3.1) and con�rmed with a FES (Fosmid End
Sequence) map. The sequence gaps between contigs were �lled with Sanger sequencing data after PCR ampli�cation. The �nal assembly was corrected with
proovread (version 2.12) [37], as the number of frameshifted genes was greater than 5% of the called genes. The genome was determined to be composed of
a 5,315,402 bp circular chromosome. To predict and annotate ORFs, we used the RAST version 4.0 [38] server pipeline. To identify the virulence factor genes in
NCCP14539, we performed a Basic Local Alignment Search Tool (BLAST) search of NCCP14539 ORFs against the virulence factor genes listed in VFDB [39],
with a cutoff e-value of 1e-5.

Phylogenetic analysis and comparative genomic analysis. A total of 20,603 E. coli genomes were downloaded from the National Center for Biotechnology
Information (NCBI) and curated to create a �nal collection of 2,204 EHEC genomes with Shiga-toxin genes. To infer the evolutionary history of NCCP14539, we
performed a multiple sequence alignment of the MLST genes using MEGA X (version 10.0.5). A MUSCLE algorithm was used for multiple sequence sorting,
and the Unweighted Pair Group Method with Arithmetic Mean method was used as the clustering algorithm. Multiple sequence alignment results were saved
in Mega format. Maximum-Parsimony was used as a statistical test method for estimating phylogenetic trees. The phylogenetic tree test was performed using
the bootstrap method, with 1,000 iterations. The substitution model used maximum composite likelihood and included both transitions and transversions.
Calculation results were saved in nexus format. The tree was visualized with FigTree (version 1.3.1) (http://tree.bio.ed.ac.uk/software/�gtree/). In order to
exclude the effect of HGT in our phylogenetic analysis, we used the multi-locus sequence analysis method [40, 41]. Seven housekeeping genes (adk, fumC,
gyrB, icd, mdh, purA, and recA) from 2,204 E. coli strains were retrieved and concatenated. A phylogenetic tree of MLST genes was created using the method
employed for MLST-based phylogenetic analysis [42]. From a comparative genomic study using SEED Viewer version 2.0, we identi�ed a syntenic region that
aligned with the reference genome. Unaligned genes were de�ned as unique genes of NCCP14539.
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Gene-based subtyping of EHEC strains in relation to LGI. During infection, EHEC strains attach to the host intestinal cell by the binding of adhesins to receptors
of the host, such as glycans. Bacterial adhesins such as lectin are potential therapeutic targets and can contribute to an understanding of bacterial evolution.
In our previous study, we constructed the LGI network of EHEC [6] and developed an e-Membranome database [27]. Using an e-Membranome pipeline, we
predicted putative adhesins from EHEC genomes and deposited them onto a public database. Among the putative adhesins, we selected the �mH gene and
performed gene-based subtyping of EHEC strains. The nucleotide sequences of �mH gene were retrieved from 1,482 EHEC strains, including NCCP14539. We
performed a phylogenetic analysis of the �mH gene using MEGA X (version 10.0.5), as described above.

T7 phage display. The biopanning and phage propagation procedures were carried out according to the manufacturer's instructions. We performed differential
biopanning with negative and positive selection using pre-immune rabbit serum and rabbit polyclonal antibody as indicated by the manufacturer (TB178
T7Select® System; Novagen). Twenty-�ve liters of protein G + agarose beads were washed in phosphate-buffered saline (PBS) and blocked in 1% bovine
serum albumin for 1 hour (BSA). After two hours of incubation with pre-immune rabbit serum at a dilution of 1:20, the beads were washed three times with
PBS and then incubated for another two hours with the T7 phage display human brain cDNA library. This subtractive biopanning approach is required to
eliminate proteins that react with pre-immune IgGs. The supernatant T7 phage cDNA library was then treated with polyclonal antibodies immobilized on
protein G + agarose beads and incubated overnight at 4°C. After three washes with 1 PBS, the bound T7 phage cDNA library was eluted with 1% sodium
dodecyl sulfate. The eluant was ampli�ed using E. coli strain BLT5616 for the subsequent cycle of biopanning. After four rounds of biopanning, the selected
phage library was used for immunoscreening.

Docking simulation. Using SWISS-MODEL, a homology modeling approach, the three-dimensional (3D) structure of FimH (PDB ID: 6GTY and Sequence
:MKRVITLFAVLLMGWSVNAWSFACKTANGTAIPIGGGSANVYVNLAPAVNVGQNLVVDLSTQIFCHNDYPETITDYVTLQRGAAYGGVLSSFSGTVKYNGSSYPFPTTSETPR
was produced using GM1(PDB ID: 4ZH1)- and Gb3(PDB ID: 6F4C) 3D structure. The docking simulation was conducted using the 3D structure of GM1 and
Gb3. The Chem-o�ce application (http://www.cambridgesoft.com, version: 7.0) was also used to reduce energy use. Autodock Vina 1.1.2 was used for the
docking simulations. Possible hydrogen bonds and hydrophobic interactions were identi�ed utilizing HBPLUS and non-bonded contact parameters as default
settings, in a LigPlot based on the �ndings of docking simulation.

Plaque lift assay. EHEC bacteria in log phase growth were infected with various dilutions of phage and grown on agar plates. About 1000 well-dispersed
individual phage clones from agar plates were transferred to nitrocellulose membranes using the plaque-lift technique. A nitrocellulose membrane (82-mm
diameter HATF �lter, Millipore Corp.) was overlaid onto the agar and incubated at room temperature for 10–15 min. Without disrupting the agar and plaques,
the nitrocellulose membrane was carefully lifted. The immunostaining procedure included an initial incubation with the binding glycan (GM1 and Gb3,
respectively)-EHEC for 1–2 h. The membranes were then rinsed, followed by the application of detecting reagents. The detecting reagents include horseradish
peroxidase-conjugated goat anti-mouse IgG, followed by color development using 3, 3-diaminobenzidine (DAB) and 0.01% H2O2.

Solid Phase Peptide Synthesis. The initial step in synthesizing peptides on a resin was to connect the C-terminal amino acid to the resin. A transient protective
group protects the alpha amino group and the reactive side chains from polymerization. The resin was next �ltered and washed to eliminate byproducts and
excess reagents. The N-alpha protective group was then removed, and the resin was washed again to eliminate byproducts and excess reagent. Then, the next
amino acid was added until the peptide sequence was complete. It was then rinsed to remove the protective groups and the peptide was released from the
resin. As in the above procedure, the peptide manufacturing synthesis proceeded with the same protocol for the mannose-6-phosphonate conjugated P1, P2,
and P3. The Gb3-like peptides, P1 (CGTVLTRNETHATYS), P2 (CQCKQDFNITDISLL), and P3 (CYATPSSNATDPLKY) were similarly synthesized.

Peptide binding assays. The mannose-6-phosphonate-conjugated P1, P2, and P3 peptides were coated to each well of the plate at a concentration of 25 ng
per well. After blocking, each well was �lled with EHEC for 2 hours at room temperature and washed �ve times with 1% BSA. Next, the plate was incubated at
4°C for 15–16 hours. After another wash, the plate was stained with �uorescein isothiocyanate-conjugated staining reagent at a 1: 10,000 dilutions. After 2
hours at room temperature, the plates were washed, followed by �uorescence detection using a micro reader.

Statistical analysis. All experiments were carried out at least three times, and representative results are shown. The outcomes of the data analysis were
statistically analyzed using the comparison-based one-way analysis of variance (ANOVA), which was then followed by a post hoc Bonferoni test to determine
signi�cance. Differences were considered statistically signi�cant when their p-values were less than 0.05. *p indicates < 0.05 and **p < 0.01. The differences
between the two �gures are indicated in the �gure legends.
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Table 1 to 3 are available in the Supplementary Files section.
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Figure 1

Subsystem category distribution of NCCP14539 based on SEED databases.
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Figure 2

Multi-locus sequence typing (MLST)-based phylogenetic tree of NCCP14539. MLST-based phylogeny. Evolutionary time scaled by 100; lower values imply
relatively recent branching. The scale indicates the number of substitutions per site. NCCP14539 did not belong to the E. coli O157:H7 serotype and was
evolutionarily distant from E. coli O157:H7 str. EDL933 (green).
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Figure 3

Phylogenetic tree of NCCP14539 and EHEC strains with respect to the �mH gene. Evolutionary time scaled by 100; lower values imply relatively recent
branching. The scale indicates the number of substitutions per site. NCCP14539 belongs to the large phylogenetic group (red).
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Figure 4

Phylogenetic tree of NCCP14539 and EHEC strains with respect to the �mH gene. Evolutionary time scaled by 100; lower values imply relatively recent
branching. The scale indicates the number of substitutions per site. NCCP14539 belongs to the large phylogenetic group (red).
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Figure 5

Elucidation of inhibitor restraining linkage of Pathogenic Enteric Bacteria EHEC NCCP14539 strain. A comparison of the binding a�nities of Gb3-replica
peptides to FimH in EHEC NCCP14539 was made. The term "control" refers to the binding a�nity of a matrix without peptides. When compared to the Control,
the P1–P3 peptides revealed statistically signi�cant changes. *Means were substantially different (**P 0.05).
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Figure 6

Diagrammatic illustration of elucidating an inhibitor-restraining connection in the EHEC NCCP14539 strain of pathogenic enteric bacteria. Immunotherapy for
EHEC NCCP14539 strain might be used to prevent and cure infectious disorders by determining the involvement of the host Gb3 glycan peptide in the immune
response against the pathogen.
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