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Abstract:
Escherichia coli are one of the most important organisms that cause urinary tract infection (UTI) in
more than 95% of patients with UTI. This study aims to search for inhibitors of (fimH) by docking
method using computer programs and websites specialized for this purpose. This study involved (63
samples) with positive E.coli was collected from patients with UTI during the period from February
2021 to October 2021, from an Iragi hospital in Karbala. Full laboratory investigation for E.coli
would be made to detect FimH and prediction suitable inhibitors. FimH was found in most E.coli
isolates, it was found in 61(96.82%) of 63 samples. Chamomile appears to be a good FimH inhibi-
tor, with a docking score of (-9.4), and can reduce UTI in roughly 50 percent of rats examined.
Most pathogenic Type 1 fimbriae, which are hair-like appendages, can be expressed by E. coli
strains. FimH protein starts out as a 300-amino-acid precursor before being transformed into a 279-
amino-acid mature version. These fimbriae aid in the bacteria’s colonization of numerous host tis-
sues by mediating binding to D-mannose-containing structures. The chamomile was predicted as a
suitable inhibitor of (fimH), and it was tested on rats. The results showed that it has a good inhibito-
ry property; in addition to that, it is safe and has other benefits.
Keyword: E.coli, molecular docking, FimH, UPEC, urinary
tract infection.

1. Introduction

Uropathogenic Escherichia coli (UPEC) is the microorganism that
most frequently causes urinary tract infections and is considered respon-
sible for more than 95 % of all urinary tract infections *. Most Esche-
richia coli strains can produce type | fimbriae, which are rod like ap-
pendages made up of roughly 1,000 FimA protein subunit and a few
percent minor components. These fimbriae mediate the bacteria's at-
tachment to D-mannose-containing structures, allowing them to bind in
a variety of host tissues. D-mannose and most of its derivatives were
shown to be very strong antagonist of type 1 fimbria-mediated attach-
ment in all cases, whereas all saccharide that did not contain D-mannose
had not blocking properties. Each level in the UTI pathogenesis is
kicked off by adhesion®. Urinary tract infection (UTI) generally starts
with a uropathogen infecting the periurethra in the guts, accompanied by
colonization of the urethra and then transfer of the bacteria to the blad-
der, necessitating the usage of appendages such as flagella and pili. In

the bladder, the consequences of complex host-pathogen interaction ultimately decide whether uro-
pathogens are spread or eliminated. E.coli's capacity to bind to uro-epithelial cells is greatly de-
pendent on fimbriae type I, which are distinguished by the presence of an adhesion called FimH at
the tip of the fimbriae. FimH uses the catch—bond binding mechanism to bind to end of epitope of
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high mannosylated glycan’s attached to uro-plakin 1a (UP1a), a receptor exclusively expressed at
the surface of urothelial cells®.

The use of computational analysis to anticipate the physicochemical, spectral, and biological
features of a newly synthesized drug is common. The main goal of this research was to create new
biologically active fimH inhibitor compounds and examine their binding affinities and interactions
with E. coli FimH using computational techniques in order to identify an effective inhibitor of bac-
terial function *.

Molecular docking is useful in development of drug, because it assist in the identification of ac-
tive or lead compounds from a library of natural molecules. It's one of the most used virtual screen-
ing techniques, especially when the target protein's three-dimensional structure is available. Dock-
ing allows for the prediction of ligand—target binding affinity as well as the structure of the protein—
ligand complex, both of which are important for lead optimization. We examined the physicochem-
ical5 attributes and toxicity potential FimH antagonists before starting the molecular docking analy-
sis

After choosing some suitable medical compound and docking it by Mcule web site, We choose
medical drugs available in pharmacies and market on the basis of their high safety and appropriate
efficacy to treat some diseases that do not harm effect on the body's vital physiology, such as heart
diseases, diabetes and neurological diseases °.

By using the "Mcule website,"” the ligands were docked to the Chamomilla and FimH proteins,
as reported by our study.

2. Materials and Methods

This study involved (63 samples) with positive Escherichia coli collected from patients with
UTI, the samples collected from both sexes and different ages, who attended to hospitals of Karbala
Province, during the period from February 2021 to October 2021.The age of patients ranged from
15 to 60 years.

2.1 Fast Identification System by VITEK-2 Compact System

The automated VITEK-2 compact system successfully identified E. coli. It's a gadget that uses
a methodology to identify an organism based on the characteristics of information and knowledge
about the microbe and reaction in question. The producers' instructions were followed in order to
develop a confirmatory tool for biochemical tests’

2.2 DNA extraction and PCR

DNA was extracted from clinical isolates. Each isolate's colony was grown overnight at 370C
after being cultivated and put into five ml of BHI (Brain Heart Infusion). A Genomic DNA kit pro-
vided by the manufacturing company was used to harvest DNA from bacterial cells in these isolate
cultures. The DNA acquired as templates was used in all PCR assays. The virulence gene listed in
Table 1 was found in PCR utilizing nucleic acid (DNA) extracted from E.coli cells as a template. A
single reaction combination contained 2,5 microliters of upstream primers, 2,5 microliters of down-
stream primers, 5 microliters of DNA extraction, 12,5 microliters of master mix, and 2,5 microliters
of nuclease free water. After that, the PCR products were run on a 1.5 percent agarose gel.

2.3 Molecular docking

The molecular docking method are be used to describe the molecular level connection among a
fine molecules and a protein, making us to notice fine molecule behavior at specific protein binding
sites and deduce critical biochemical processes. Molecular docking can performed in Mcule.com,
which is a web-based drug discovery service®.

2.4 Animals study

Four groups of rats would be taken, weighted 150-200 gm, and inoculated with 103-10*° colony
forming units (CFU) of UPEC bacteria directly into the bladder by transurethral catheterization® (by
using angio-catheter of 24G, diameter=0.7mm, length =19mm) and small injection.

2.5 FimH inhibitor study

FimH inhibitor study by determination of the bacterial contents in rats’ urine, after given
chamomile as a FimH inhibitor. To collect urine samples in a volume appropriate for routine uri-
nary testing techniques, rats are usually single-housed in metabolic cages for 16 to 24 hours™®. The
collected urine was diluted in 0.85% NacCl, plated on nutrient agar supplemented with 0.1% yeast
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extract and 0.1% glucose, and incubated at 37 C for 20 hrs. The colonies formed and then counted.
The extent of bacteriuria was graded as follows: no excretion of bacteria (<10® cells/ ml), occasion-
al excretion (10%-10° cells/ml), and excretion of bacteria (10 cells/ml)*

2.6 Bacterial cell count

The Photopette® portable spectrophotometer is used to count E.coli cells at OD600. The ap-
proach is simple and quick to execute in the bio reactor or cell culture hood. In the cell culture flask,
E.coli may be directly detected at 600 nm. The procedure may be carried out anywhere and does not

need the use of a laboratory*?.

Table 1. Forward and reverse primers used in this study

Primers

Sequence

Product
size(bp)

Reference

FimH forward

5'-
ATGAAACGAGTTATTACC
CT-3

FimH reverse

5
TTATTGATAAACAAAAGT
CACG-3'

903

(13)

3. Results and Discussion

In this study, figure 1. Demonstrated that Uropathogenic E.coli samples are identified using
biochemical test and screened using PCR technician. The FimH quality was improved with explicit
preliminaries and revealed a band of around 903bp. FimH quality was found in 61 of 63 samples of
the UPEC strain samples (96.82%), indicating that fimH is one of the most important virulence fac-

tors in UPEC bacteria to cause a UTI.

these genes, lane (1-16) was positive; the product size is 903 bp.

Figure 2. Shown Electron density map for oligomannose-3 in the FimH receptor-binding site
with Chamomilla to blocking FimH active site with docking scores (-9.4).

Figure 1. FimH PCR results are seen in Ultraviolet light at 300 nm after staining with E.B stain
on a one percent of agarose gel electrophoresis at 71 volts for 51 minutes. (L): 1000 bp ladder; for
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Figure 3. Crystal structure of FimH (green) complexing with Chamomilla.
In table 2 ,a groups of animal show different result before and after giving chamomile.

Table 2. Different result on animals group treated with chamomile
Bacterial Cell Count in rats urine

General Urine Examination of

rats
G1- Control
(without drug 20(100%) All negative* 20(100%) All negative <10*
,without infection)
G2
10 from 20(50%)-ve<10* cfu

10 from 20(50%) negative

10 from 20(50%) positive** 10 from 20(50%)+ve>10" cfu

Animals taking
Drug before infec-
tion by 2 days
G3
Animals taking

Drug after infection

7 from 20(35%) -ve<10* cfu
13 from 20(65%) +ve>10’ cfu

7 from 20(35%) negative
13 from 20(65%) positive




by 2 days

G4
Animals Infected , 20(100%) all positive 20(100%) > 10’ cfu
without drug given

* Negative (-ve) = No infection
**Positive (+ve) = Infection

Discussion
Various germs, including uropathogenic Escherichia coli (UPEC), cause urinary tract in-

fections (UTIs). UPEC strains have unique virulence characteristics, such as type 1 fimbriae, which
can exacerbate UTIs

Ordinarily, wrthout binding to epithelium cells bacteria can be washed out by urination process.
Type 1 fimbriae are coded in the genome of most almost 95% E. coli strains™®. The presence of fim-
briae is required for colonization of the urinary system. P, type 1, S, and F1C fimbriae are among
the stickiest organelles expressed by uropathogenic Escherrchra coI| More than 90% of all
uropathogenlc E. coli develop type I, or mannose sensitive fimbriae'®. Because FimH's receptor-
binding site is a highly specialized mannose-binding pockets with a tyrosine gates (Tyr.48, lle.52,
and Tyr.137) at one side and a hydrophobic ridge (lle13, Phel, and Phel42) surrounding its entry, a
FimH inhibitor should be overlaid onto the FimH lectin domain combination with oligomannose-
3'8. The affinity (grid) maps sized at 60 60 60° were generated using an auto grid algorithm, with
the goal of targeting the grid coordinates in the target protein's catalytic site (Chamomilla and
FimH). The FimH protein targeting the catalytic region had x, y, and z coordinate values of (-
16.519, 50.643, and 27.017, respectively. The ligands' initial positions, direction, and torsions were
chosen at random*®

Figures 2. And 3. Show the molecular docking of binding between FimH and chamomile.
Chamomile, technically known as Matricaria recutita, is a medicinal plant that is natlve to Western
Europe and North Asia. It is distinguished by its herbaceous bearing and flowering *°

In systemic molecular genetlcs and computer-assisted drug design, molecular docklng is an im-
portant technique %. The aim of ligand_protein docking is to expect a ligand's interactions mode
with a protein molecules having a defined tri-dimensional shape Good docking algorithm efficient-
ly explores high dimensional domains and employs a scorlng system that scores proposed dockings
precisely”*. Docking may be used to do virtual scanning in the large libraries of drugs, rank the
findings, and supply structural Hypotheses for how the ligand obstruct the targets, all of which is
very beneficial in optimization of leads %2. Molecular docking between fimH and chamomile give
high degree of binding (docking score -9. 42) which mean low energy needed for molecule binding
(ligand and target) to form stable complex ¢

Table 2. Show’s the experimental result on rats. Four groups of rats will be taken; each group
contains 20 animals of 150-200 gm in weight. The principle of the experiment is dependent on acti-
vated infection on animals with/without feeding with our drug (chamomile) and then counted E.coli
in their urine. The first group serves as a control; these rats are not inoculated by bacteria, not feed-
ing with chamomile, so it’s healthy, with no disease, and all laboratory tests reveal the negative
infection. The second group is pre-feeding with chamomlle for three days and then inoculated with
107-10°CFU of UPEC by intraurethral catheterization. The concentration of chamomile that Was
used in this experiment was prepared by adding 5 drops of 1.2% liquid extract in 200ml of water 2
and animals would be fed by this solution throughout the day without being given water. The result
showed from 20 anlmals 10(50%) of rats would be not infected with UTI, and 10(50%) of rats get-
ting an infection % . The third group was infected before two days of feeding with chamomile, the
result shows about 13(65%) of rats getting an infection and 7(35%) not infected. We notice the in-
fection would be increased, when chamomile is not glven before infection, thls is due to the ability
of E.coli to bind on bladder epithelial cells by fimH in the absence of drug ®. And when the concen-
tration of the drug would be increased after two days, we can notice the healing effect of chamomile
on the one-third number of animals group in the third group®

In The fourth group, all animals would be infected Wlthout any treatment, so all animals getting
an infection showed more than 10® CFU in their urine, because no FimH antagonist (chamomlle)
was present. The previous result shows that type 1 fimbria is very important for E.coli in UTI be-
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cause of its ability to attach with uroepithelial cell by FimH protein and render elimination by urine
and facilitate colonization and pathogenicity. Also, this result explained a good effect of chamomile
in UTI treatment. Also, chamomile is safer therapy and can be given in treatment for many diseases
such as cold and chest disease and can be given as prophylaxis in high-risk factors for UTI. Cham-
omile can provide protection from UTI in rats by 50% when it’s taken as prophylaxis, and protect
about 35% of rats after getting an infection, so in our study, we recommended using chamomile as a
natural herbal product in adjuvant therapy with other drugs or products in UTI treatment.

Authors’ Contribution

Study concept and design: H.M.A

Acquisition of data: A.A.R.

Analysis and interpretation of data: A.A.R.

Drafting of the manuscript: M.S.A

Critical revision of the manuscript for important intellectual content: A.A.R.

Statistical analysis: H.M.A

Administrative, technical, and material support: M.S.A

Ethics

This is to certify that the above mentioned title was considered by the Scientific and Ethical
Committee of College of Pharmacy, University of Kerbala meets the requirements of the Helsinki
Declaration and was approved on September 1, 2020, under the project number 2022AN2

Conflict of Interest

The authors declare that they have no conflict of interest.

References

1. Zalewska-Pigtek B, Pigtek R. Phage therapy as a novel strategy in the treatment of urinary
tract infections caused by E. coli. Antibiotics. 2020;9(6):304.

2. Klein RD, Hultgren SJ. Urinary tract infections: microbial pathogenesis, host—pathogen inter-
actions and new treatment strategies. Nature Reviews Microbiology. 2020;18(4):211-26.

3. Scribano D, Sarshar M, Prezioso C, Lucarelli M, Angeloni A, Zagaglia C, et al. D-Mannose
Treatment neither Affects Uropathogenic Escherichia coli Properties nor induces stable fimh modi-
fications. Molecules. 2020;25(2):316.

4. Sarshar M, Behzadi P, Ambrosi C, Zagaglia C, Palamara AT, Scribano D. FimH and anti-
adhesive therapeutics: A disarming strategy against uropathogens. Antibiotics. 2020;9(7):397.

5. Mashraqgi MM, Chaturvedi N, Alam Q, Alshamrani S, Bahnass MM, Ahmad K, et al.
Biocomputational Prediction Approach Targeting FimH by Natural SGLT2 Inhibitors: A Possible
Way to Overcome the Uropathogenic Effect of SGLT2 Inhibitor Drugs. Molecules (Basel, Switzer-
land). 2021;26(3):582.

6. Odhar HA, Rayshan AM, Ahjel SW, Hashim AA, Albeer AAMA. Molecular docking enabled
updated screening of the matrix protein VP40 from Ebola virus with millions of compounds in the
MCULE database for potential inhibitors. Bioinformation. 2019;15(9):627-32.

7. Akpaka PE, Vaillant A, Wilson C, Jayaratne P. Extended spectrum beta-lactamase (ESBL)
produced by gram-negative bacteria in trinidad and tobago. International Journal of Microbiology.
2021;2021.

8. Menchaca TM, Juarez-Portilla C, Zepeda RC. Past, Present, and Future of Molecular Docking.
Drug Discovery and Development-New Advances: IntechOpen; 2020.

9. AL _Okhedi MJI, Najim TM, Al-shammari BFM, Hasan MS, Jead MR. Effects of E. Coli In-
fection on Kidney Function Tests in Experimentally Inoculated Rats. Medico Legal Update.
2020;20(4):1319-22.

10. Kalas V, Hibbing ME, Maddirala AR, Chugani R, Pinkner JS, Mydock-McGrane LK, et al.
Structure-based discovery of glycomimetic FmIH ligands as inhibitors of bacterial adhesion during
urinary tract infection. Proceedings of the National Academy of Sciences. 2018;115(12):E2819-
E28.

11. Aronson M, Medalia O, Schori L, Mirelman D, Sharon N, Ofek I. Prevention of colonization
of the urinary tract of mice with Escherichia coli by blocking of bacterial adherence with methyl
alpha-D-mannopyranoside. J Infect Dis. 1979;139(3):329-32.

1163



12. Ding Q, Ma D, Liu G-Q, Li Y, Guo L, Gao C, et al. Light-powered Escherichia coli cell divi-
sion for chemical production. Nature Communications. 2020;11(1):2262.

13. Aljebory IS, Mohammad KA. Molecular Detection of Some Virulence Genes of Escherichia
coli Isolated from UTI Patients in Kirkuk City, Irag. Journal of Global Pharma Technology.
2019;11(03):349-55.

14. Behzadi P. Classical chaperone-usher (CU) adhesive fimbriome: uropathogenic Escherichia
coli (UPEC) and urinary tract infections (UTIs). Folia microbiologica. 2020;65(1):45-65.

15. Ballesteros-Monrreal M, Arenas-Hernandez M, Barrios-Villa E, Juarez J, Alvarez-Ainza M,
Taboada P, et al. Bacterial Morphotypes as Important Trait for Uropathogenic E. coli Diagnostic; a
Virulence-Phenotype-Phylogeny Study. Microorganisms 2021, 9, 2381. Virulence Factors and An-
tibiotic Resistance of Enterobacterales. 2021:19.

16. Khan AS, Kniep B, Oelschlaeger TA, Van Die I, Korhonen T, Hacker J. Receptor structure for
F1C fimbriae of uropathogenic Escherichia coli. Infect Immun. 2000;68(6):3541-7.

17. Touaibia M, Krammer E-M, Shiao TC, Yamakawa N, Wang Q, Glinschert A, et al. Sites for
Dynamic Protein-Carbohydrate Interactions of O- and C-Linked Mannosides on the E. coli FimH
Adhesin. Molecules. 2017;22(7):1101.

18. Murugan NA, Podobas A, Gadioli D, Vitali E, Palermo G, Markidis S. A Review on Parallel
Virtual Screening Softwares for High-Performance Computers. Pharmaceuticals. 2022;15(1):63.

19. Heinrich M, Williamson EM, Gibbons S, Barnes J, Prieto-Garcia J. Fundamentals of
pharmacognosy and phytotherapy E-BOOK: Elsevier Health Sciences; 2017.

20. Gomes MN, Muratov EN, Pereira M, Peixoto JC, Rosseto LP, Cravo PV, et al. Chalcone de-
rivatives: promising starting points for drug design. Molecules. 2017;22(8):1210.

21. Francoeur PG, Masuda T, Sunseri J, Jia A, lovanisci RB, Snyder I, et al. Three-dimensional
convolutional neural networks and a cross-docked data set for structure-based drug design. Journal
of Chemical Information and Modeling. 2020;60(9):4200-15.

22. QIU Y, Li X, He X, Pu J, Zhang J, Lu S. Computational methOdS-guided design of modulators targeting

protein-protein interactions (PPIs). European Journal of Medicinal Chemistry. 2020:112764.

23. Fatriansyah JF, Rizqgillah RK, Yandi MY, Fadilah, Sahlan M. Molecular docking and dynamics studies on propolis sulabiroin-A as a
potential inhibitor of SARS-CoV-2. J King Saud Univ Sci. 2022;34(1):101707-.

24. Hanafy NA, EI-Kemary MA. Silymarin/curcumin loaded albumin nanoparticles coated by chitosan as muco-inhalable delivery sys-
tem observing anti-inflammatory and anti COVID-19 characterizations in oleic acid triggered lung injury and in vitro COVID-19 experi-
ment. International Journal of Biological Macromolecules. 2022;198:101-10.

25.  Akour A, Abuloha S, Mulakhudair AR, Kasabri V, Ala'a B. Complementary and alternative medicine for urinary tract illnesses: A

cross-sectional survey in Jordan. Complementary Therapies in Clinical Practice. 2021;43:101321.

1164



