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Abstract

Background: Escherichia coli, which normally lives in the colon, is the
most common cause of urinary tract infections (UTI), accounting for 80-
85% of community-acquired infections. This research aims to study the
three-dimensional shapes of the gyrB gene, identify the region of the
ATP binding pocket, and discover new antibacterials that can bind to this
pocket and inhibit the action of DNA gyrase enzyme in E.coli bacteria,
due to the development of the bacteria and its resistance to antibiotics.
Methods: In hospitals of the Holy Kerbala Governorate (Imam Al-
Hussein teaching , Imam Al-Hassan Al-Mujtaba, Obstetrics and
Gynecology Hospital, and Imam Al-Hujjah Charitable Hospital) 223
specimens were collected from patients with symptoms of UTI,
according to standard procedure, and urine culture was performed. The
bacteria were then identified using API 20E test. The gyrB gene was then
amplified, sequenced and examined using bioinformatics techniques.
The region of the enzyme's ATP binding pocket was identified and its
three-dimensional shape was examined. Afterward, chemical compounds
were proposed by using molecular docking to attach to this pocket.
Results: 60 out of the 223 specimens had urinary tract infection
symptoms had an E.coli infection. The sequence alignment of
nitrogenous bases in the gyrB gene was 99-100% comparable to the
global sequences of the same bacterium, according to molecular analysis.
It demonstrated 99-100% similarity to the global sequences for amino
acids as well. Additionally, several suggested chemical compounds, such
as Dieckol, Robinin, Quercitrin, Vitamin D3, Vitamin D2, Myricitrin,
and Daidzin have high docking scores with the ATP binding pocket
(Which was determined by previous research working in this field) and
some have weak docking scores with the ATP binding pocket such as
Scopoline, Crocin, Allicin and Propionic acid. Then the compounds with
high docking scores were submitted to Lipinski's rule of five to know the
chemical compounds most suitable for oral administration, where it was
found that the compounds Daidzin, Dalbergin, Quercitrin,
Cyproheptadine, Piroxicam, and others are the most suitable compounds
for oral administration and for inhibiting the ATP binding pocket of the
gyrB gene of E.coli.

Conclusions: Diadzin, Ketotifen, Cyproheptadin, Dalbergin, Piroxicam,
Etodolac, Frangulin A, Chrysin, Quercitrin, Myricetin, Peonidin, Flavan-
4-ol, Lutin, Emodine, Aurone, Baicalein ,and Phaseollidine They are
promising compounds that may inhibit the ATP binding domain in the
gyrB gene of E.coli.
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1. Introduction
Urinary tract infections (UTIs) are the most common bacterial infection, affecting 1 million people worldwide
each year. Among hospital infections, UTIs rank second only to lower respiratory tract infections, accounting for
24% of such cases in developing countries(Zhou et al., 2023) . Symptoms of UTIs are variable, ranging from
asymptomatic to severely ill patients with fever and, occasionally, secondary bacteremia. UTIs can be divided
into three categories: acute pyelonephritis, acute cystitis, and asymptomatic bacteriuria (Tullus and Shaikh, 2020).
The Uropathogenic Escherichia coli (UPEC) strain of Escherichia coli is the main cause of this type of infection
due to its virulence factors and rapid division during human infections, enabling it to move from the digestive
system to the area surrounding the urethra, then the urethra, bladder, ureter, and kidneys, and may reach the
bloodstream (Sojo-Dorado et al., 2022). There are strains of E.coli that have genes at specific locations in the
pathogenic island that range in size from 10 to 200 kb. This pathogenic island can overcome the immune system.
Virulence factors include capsule, lipopolysaccharides, adhesion, and enzymes (Forsyth et al., 2018; Dadi et al.,
2020). The problem facing doctors is the presence of antibiotic-resistant bacteria, as a result of the misuse of
antibiotics. Escherichia coli is considered the most antibiotic-resistant bacteria due to the different mechanisms
of drug resistance (Najm and Hussein, 2023). A developing medical problem is antibiotic resistance. 2019 had
more than a million deaths due to bacterial illnesses that were resistant. If this urgent issue is not addressed, by
2050, there might be 10 million fewer deaths each year (Ranjbar and Alam, 2023). E.coli also represents a major
reservoir of resistance genes that may be responsible for the failure of current treatments. Large and increasing
numbers of resistance genes have been identified in E.coli isolates over the past decades. E.coli acts as both a
donor and a recipient of resistance genes, and can thus acquire resistance genes from other bacteria, and can also
transfer its resistance genes to other bacteria. Bacteria can acquire resistance to multiple antibiotics through mobile
genetic elements such as plasmids and transposons(Rasheed et al., 2014; Poirel et al., 2018). Targeting DNA
gyrase and topoisomerase 1V, fluoroguinolones are among the "five highest priority antimicrobials" that are now
being used in clinical settings, according to the World Health Organization (WHO)(Organization, 2017).
Unfortunately, the high frequency of DNA gyrase and topoisomerase IV mutations (i.e., target-mediated
resistance) reduces the practical usefulness of this class of medications. Novel classes of antibacterial medications
are being created to address the serious problem of antibiotic resistance(Gibson et al., 2018; Bush et al., 2020).
Supercoiling is regulated by DNA Gyrase, which eliminates positive supercoils that build up as a result of these
DNA activities before replication forks and replication complexes. It is the sole enzyme capable of unraveling
DNA, even negative supercoils. Topoisomerase IV is primarily responsible for separating or removing tangles
between daughter chromatids formed during replication and removing knots made during recombination, even
though it is also capable of relaxing both positive and negative DNA supercoils(McKie, Neuman and Maxwell,
2021). High levels of enzyme-mediated DNA accumulation are caused by tyrosine residues in the active site
forming covalent bonds with the terminal phosphates of cleavage-mediated DNA, which stabilizes cleavage
complexes stabilized by fluoroquinolone interactions with DNA gyrase and topoisomerase 1V. Fluoroquinolone
interactions also prevent gyrase and topoisomerase from participating in their overall catalytic reaction. This
deprives the cell of these two enzymes' vital catalytic functions, which can hinder the transcription and replication

of DNA and tangle developing chromosomes (Bush et al., 2020; Hirsch and Klostermeier, 2021). Because DNA
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gyrase and topoisomerase 1V have similar structures, there is a great chance to target both of them with novel
antibacterial compounds, which will lessen the likelihood of simultaneous mutations on both of these targets and
prevent bacteria from developing target-based resistance. GyrB and ParE contain an ATP-binding site, where
ATP hydrolysis provides the energy for the reaction catalyzed by GyrA and ParC (Azam, Thathan and Jubie,
2015). Targets for antibacterial drug development include many binding sites on DNA gyrase and physically
related topoisomerase 1V. A well-known family of fluoroquinolones targets the GyrA/ParC component by binding
to the DNA gyrase complex and stabilizing it in a cleaved DNA state, which inhibits DNA synthesis (Durcik et
al., 2019). Some topoisomerase inhibitors may have a distinct binding mechanism since they do not exhibit any
resistance to fluoroquinolones. Apart from fluoroquinolones, there exist ATP-competitive inhibitors that
specifically target the DNA gyrase and topoisomerase GyrB/ParE component. By blocking the ATP binding site,
ATP hydrolysis is stopped and the energy needed for the enzyme's catalytic activity is not supplied. Consequently,
one intriguing target for the development of novel DNA gyrase inhibitors is the ATP binding site (Savage,
Charrier, Salisbury, Box, et al., 2016; Savage, Charrier, Salisbury, Moyo, et al., 2016). In E.coli GyrB, mutations
that give resistance to various fluoroguinolones are most frequently found at position Arg136, however Asp73,
Gly77, 1le78, and Thrl65 have also been identified as additional sites where mutation might result in
fluoroquinolone resistance. Like the amino acid residues in gyrA with similarly charged side chains, the two
quinolone binding sites (Asp426 and Lys7) in the E.coli gyrB gene are resistant to medicines that bind to Asp and
Lys when Asp is substituted with Asn or Lys with Glu (Finstad, 2022). Fluoroguinolones, which include
ciprofloxacin, levofloxacin, and moxifloxacin, are often used in medicine because they are typically effective
against infections brought on by both Gram-positive and Gram-negative microorganisms. Nevertheless, despite
suggestions to restrict their usage, resistance to these agents has developed and is still spreading(Durcik et al.,
2020). Molecular docking is a specialized tool for studying the different interactions between inhibitor molecules
and the active sites of target receptor molecules(Saxena, Kumar and Srivastava, 2022). Usually, docking is
observed to affect the supercoiling of DNA through the N-terminal domain of the gyrase B subunit targeting ATP
binding sites that are supposed to compete with ATP for binding to gyrase B, so it is necessary to make compounds
that resemble the action of antibacterial and some bacterial toxins(Saleh et al., 2022). Typically, compounds are
sorted according to their docking score, with the best compound chosen in Glide's standard precision (SP) mode
for docking. A sampling strategy based on improved and refined growth is employed by the SP mode. Next, for
XP (extra precision) docking, the best compounds are chosen based on the docking score in SP docking. Compared
to SP mode, XP mode is less forgiving(Alotaibi et al., 2023). In this study, we investigated the binding interactions
of the GyrB subunit of Escherichia coli and compared the antibacterial activity obtained during our study. We
evaluated the binding interactions and visualized different interactions such as hydrogen bonding, and salt bridges

in three and two dimensions.

2. Materials and Methods

2.1. Patients
Range of ages of 4 — 76 years, individuals with urinary tract infections who attended local hospitals in the Holy

Governorate of Karbala provided a total of 223 urine specimens, Under the supervision of specialized doctors for
the period from 8/3/2023 to 11/25/2023. They were plated directly on the culture media using the technique of
(streaking) utilizing (a loop) on the MacConkey medium, and special containers (a plastic tube with a cover) were

employed for collection. (Vandepitte, 2003; Carroll, Butel and Morse, 2015) It was then incubated for 24 hours at
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37°C. The autoclave was used to sanitize it for 15 minutes at 121°C and 15 pounds per inch of pressure. To prevent
infection, it was then poured into plates that had been sterilized. In addition, all glassware spent two hours being
sterilized at 180 degrees Celsius in an electric oven (Biswas and Rather, 2019).

2.2. Biochemical Diagnosis
Enterobacteriaceae can be identified by the 20 microtubes of dried substrates included in the API 20E strip Fig.1.

Use Procedure for API 20E: prepare a bacterial suspension with a turbidity of 0.5 McFarland standard in sterile
0.85% saline then Fill the API 20E microtubes with the bacterial suspension and For 18 to 24 hours, incubate the
strip at 35 to 37°C, The chemicals needed for particular tests are added after incubation, and the outcomes are
read. The color changes are interpreted using the reading table, and the analytical profile indicator is used to
confirm identification. Sixty clinical isolates were diagnosed with E.coli by the (API 20E system)(Kusumaningsih,
IG and RRR, 2021) .

~ ; i r \ 3
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Figure 1: API 20E test result on a clinical isolate to diagnose £.colibacteria after incubating it for (18-24)
hours and adding its reagents (The catalog number for API test is 20160).

2.2.1. Catalase Test
Using sterile wooden sticks, a colony grown on MacConkey agar was moved onto a dry, sterile glass slide, and
one drop of 3% catalase reagent was applied. Once bubbles developed on the glass slide's surface, signifying the

formation of catalase enzyme (positive result) (Biswas and Rather, 2019).

2.2.2. Oxidase Test
The filter paper was moistened with a few drops of a solution of tetramethyl-p-phenylene diamine hydrochloride
for this test. Using a sterile wooden stick, a mass of cells was aseptically removed from the slanting growth and
spread out over the moistened paper. A negative outcome is indicated if a violet or purple color does not appear
within 10 seconds(Hemraj, Diksha and Avneet, 2013).

2.3. DNA Extraction

The special kit prepared by the Korean company Geneaid was used to extract the deoxyribonucleic acid, and then
the DNA concentration device (DNA Nanodrop) was used to measure the purity and concentration of the DNA.

(The DNA concentration was ~ 30 pg/ml).

2.3.1. Primers Sequence
The primer sequences used in this study are designed by Prof. Dr. Hassan Mahmood Mousa Abu Almaali

University of Karbala/College of Pharmacy as described in the Table 1.
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Table 1: Primer Sequences Used in The Study

gene Primer sequence (5- 3) Base pair Source of design
998 Prof.Dr. Hassan Mahmood
ATATCGGCGACACGGATGAC .
gyrB F Mousa Abu Almaali
TGCCAGCAGTTCGTTCATCT R

2.3.2. Amplification Reaction Mixture for Gyrb Genes:
A polymerase chain reaction kit (PCR Premix kit) was used to amplify the gyrB gene. Five microliters of DNA

extract, one microliter of each primer (Forward + Reverse) at a concentration of 10 pmol/ul, and 13 microliters of
nuclease-free water made up the total reaction volume of 20 microliters. After that, he was placed into a PCR
device(Ravi, Baunthiyal and Saxena, 2014) as detailed in the Table 2.

Table 2: Cycling Parameters of Gyrb Gene Amplification

Cycle No. Stage Temperature °C Time
1 Initial denaturation 95 5 min.
Denaturation 95 20 sec.

35 Annealing 55 20 sec.
Elongation 72 45 sec.

1 Final extension 72 5 min.

2.3.3. DNA Sequencing
Specimen sequencing was carried out by the Macrogen company (Korea). The sequencing outcome was examined

with Software called MEGAL11 was used to view the sequencing result. (Tamura, Stecher and Kumar, 2021).

2.4. Alignment Assay and Phylogenetic Tree
Using the Megall software, the alignment test was carried out to establish the existence of mutations in bacterial

genes. The nitrogenous base sequences were found and compared with global sequences using the BLASTn tool
that targeted the same gene. Then, to find alterations in proteins, the amino acid sequences of the target gene were
ascertained and compared to global sequences using BLASTX software. (Tamura, Stecher and Kumar, 2021).To
determine the evolutionary relationships between the strains of E.coli bacteria and compare them with strains
worldwide, as well as the variations in nitrogenous bases and amino acids of the bacteria, the phylogenetic tree

was tested using the Megall program.

3. Results

3.1. Population of The Study
It 60 isolated of E.coli samples were diagnosed (out of 223 samples). Their ages ranged from 4-76 years. There

were 45 (75%) females and 15 (25%) males as shown in Table 3.(Oztiirk and Murt, 2020).
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Table 3: Age Group of The Patients by Sex

Age category Sex
Female Male

>4 5 2 7
11-30 12 6 18
31-50 19 2 21
51-70 6 3 9
<76 3 2 5

Total 45 15

3.2. Identification of Isolates
The isolates were identified as E.coli through a combination of morphological and biochemical characteristics.

This means that the isolates were characterized by their microscopic appearance and their ability to perform

specific biochemical reactions, ultimately leading to the conclusion that they were all E.coli.

3.3. Detection of Gyrb Gene In E.Coli Isolates:
The gyrB gene, a vital component of the DNA gyrase enzyme, was checked in all UPEC E.coli isolates. DNA

extraction was done using the Geneaid/Korea DNA Extraction Kit. The findings confirmed that the gyrB gene

was present in every isolate, as shown in Fig.2.

Ladder

1000 bp

500 hn

100 bo

Figure 2: PCR Result of The Gyrb Gene Using Agarose Gel Electrophoresis

3.4. DNA Sequencing
Genetic Characterization and Comparison of UPEC Isolates: The study involved DNA sequencing of the gyrB

gene for 39 bacterial isolates and a nucleotide alignment analysis using the BLASTn program to compare the local
clinical E.coli isolates with global isolates from GenBank. The results revealed that most isolates had a complete
100% match, as shown in Fig.3A, while some had a 99% match, as shown in Fig.3B, resulting missense mutation
which is carrying change in nucleotides (cytosine instead of Guanine) and (Adenine instead of Guanine) that lead
to change in amino acids. Furthermore, the nucleotide sequences were translated into amino acids, and an amino
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acid alignment analysis was conducted using the BLASTXx program. The majority of the isolates exhibited a 100%
match with international isolates, as seen in Fig.4A, while some had a match rate of up to 99%, as shown in

Fig.4B.

Escherichia coli strain FG92-1 ch !
Sequence ID: CP142677.1 Length: 4684739 Number of Matches: 2
Range 1: 3748 to 4634 GenBank Graphics v Match
Score Expect 1dentities Gaps Strand
1639 bits(887) 0.0 887/887(100%) 0/887(0%) Plus/Plus
Query 3 CGCTA’ CGA(GAAGCGC CGCGGGTCACTG AAA ATCGTCACCATTCACGCCGA 62
) 11111 | 11 IIII IIIIIIIIIIIII || |||II||||I|IIIlIIII|II|I
Sbjct 3748 CGCTATCGACGAAGCGC ATCGTCACCATTCACGCCGA 3807
Query 63 TAACTCTGTCTCTGTACAS TCCGACCGGTATTCACC 122
. ||||I|||||||||||Il|||[||||||||||||||||||||||[||||||||||l|||
Sbjct 3808 CTCTGTCTCTG TTCCGACCGGTATTCAS 3867
Query 123 GATCATGACCGTTCTGCAC 182
. IIIIlIIIIIIIII|IIIIIIlIIIIIIIIllII!IIII IIIIIIIIIIlIIIIIIIH
Sbjct 3868 ATGACCGTTCTGCACGCAGGCGGTAAA 3927
we 10 TR
Sbjct 3928 TAACTCCTATAAAGTGTCCGGCGGTCTGCACGGCG CGGTAGTAAACGCCCT 3987
Query 243 GCAAAAACT GGTTATC 'GCGAGGGTAAAATTCACCGTCAGATCTACGA 302
. ||||I|IIII|Ill||||||IIII|IilIllll|||||||||||l|||l||||||l|l|
Sbjct 3988 GTCGCAAAAACTGGAGCTGGTTATCCAGCGCGAGGGTAAAATTCACCGTCAGATCTACGA 4847
Query 303 ACACGGTGTAC(G(AGGC((CG(TGGCGGTTA((GGCGAGA(TG ((GG ACCAT 362
IIIIIII|I|IIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIII 111 ||I| ]III
Sbjct 4048 ACACGGTGTACCGCAGGCCCCGC GGTTACCGG TGAAAAAACC AT 4107
Query 363 GGTG(G TT( GG(C G( TCGAAACCTTCACCAATGTGACCGAG TTC 422
. LILLLLLLLELLLLL] LLLULLLLLLELEELLEEEEEETLELT L] || ||l|
Sbjct 4108 GGTG(GYTT( GGC(C G(C CGAAACCTTC (CMTGYGA((GAGTTCGN\TAY 4167
Query 423 AAACGTCTGCGTGAGTTGTCGTTCCTCAACTCCGGCGTTTCCATTCGTCTGCG 482
I|||||||I|IIII||Il|||l||||||Illlll||||||||l|l||ll|l||||l|l|
Sbjct 4168 TGGCGAAACGTCTGCGTGAGTTGTCGTTCCTCAACTCCGGCGTTTCCATTCGTCTGCG 4227
Query 483  CGACAAGCGCGACGGCAAAGAA G \CCACTTCCACTA TGAAGGCGGC TCAAGGCGTTCGT 542
% IIIIlIIIIIIIlIIIIIII IIIIIIIII[II[IIIIIIII LLLIELLLEETLLd
Sbjct 4228 CGACAAGCGCGACGG! CACTTCCACTATGAAGGCGGCATCAAGGCGTTCGT 4287
Query 543 CACCCGAATATCTTCTACTTCTCCACTGA 602
. ||||||||||||||||||||||||||||||I|||||||||||||l|||||l||||||lH
Sbjct 4288 4347
Query 603  AAAAGACGGTATTGGCGTCGAAGTGGCGTTGCAGTGGAACGATGGCTTCCAGGAAAACAT 662
LECERLLLLEEL LR L e e eeerreiinen
Sbjct 4348 AAAAGACGGTATTGGCGTCGAAGTGGCGTTGCAGTGGAACGATGGCTTCCAGGAAAACAT 4407
Query 663 CTACTGCTTTACCAACAACATTCCGCAGCGTGACGGC 722
. II|I||IIIIIIII|IIIIIIIlIIIIIIIllII||IIIIIIIIIIIIIIIIIIIIIII
Sbjct 4408 CTACTGCTTTACCAACAACATTCCGCAGCG TCACCTGGCAGGCTTCCG 4467
Query 723 TGCGGCGATGACCCGTACCCTGAACGCC GACAAAGAAGGCTACAGCAAAAAAGC 782
, 11 ||!l||l|||I|||ll||||l|||||||ll llllIllllillllllllllllllll
Sbjct 4468 TGCGGCGATGACCCGTACCCTGAACGCCTACATGGACAAAGAAGGCTACAGCAAAAAAGC 4527
Query 783 CAAAGT CAGCG((A(CGGTGA(GATGCGCG \GGCCTGATTGCGGTCGTTTCCGTGAA 842
s IIIIXII II I||||||II||IIII| IllllIIIIIIIIIIl[IIIlI!IIIIiIlI
Sbjct 4528 CACCGGTGACGATGCG TTGCGGTCOTTTCCG 4587
e, MMM i =
Sbjct 4588 AGTGCC! GGACCCGAAATTCTCCTC(CAGAC GACAAACTGGTTT 4634

Figure 3: A) Alignment test for nucleotides of the gyrB gene for local isolates and comparison with global
isolates: Alignment Match rate 100% by using BLASTXx. B) Alignment test for nucleotides of the gyrB gene for
local isolates (Query) and comparison with global isolates(shjct): Alignment Match rate 99% by using BLASTX

A

DNA gyrase subunit B [Escherichia coli]
Sequence ID: STL19681.1 Length: 649 Number of Matches: 1

Range 1: 47 to 340 GenPep! Graphics

616 bits(1588) 0.0

Query 1
sbjct 47
Query 61
sbjct 107
Query 121
Sbjct 167
Query 181
sbjct 227
Query 241
sbjct 287

Figure 4: Alignment test for peptides of the gyrBgene for local isolates (Query) and comparison with global
isolates(sbjct)by BLASTX, A) Alignment Match rate 100%. B) Alignment Match rate 99%. (Therionine instead of

Serine)

3.5. Gyrb Multiple Sequence Alignment and Determination Gyrb Gene ATP Binding

Expect Method identities

AIDEALAGHCKEIIVT IMTVLHAGGKFDD
AIDEALAGHCKE ITVT IHADNSVSVQDDGRGIPTGIHPEEGVSAAEVIMTVLHAGGKFDD
ATDEALAGHCKE ITVT THADNSVSVQDDGRGIPTGTHPEEGVSAAEVIMTVLHAGGKFDD

NSYKVSGGLHGVGVSVVNAL SQKL ELVIQREGKTHRQIYEHGVPQAPLAVTGETEKTGTHM
NSYKVSGGLHGVGVSVVNAL SQKLELVIQREGKIHRQI YEHGVPQAPLAVTGETEKTGTH
NSYKVSGGLHGVGVSVVNAL SQKLELVIQREGK IHRQIYEHGVPQAPLAVTGETEKTGTH

VREWPSLETFTNVTEFEYEILAKRLRELSFLNSGVSTRLROKRDGKEDHFHYEGGIKAFV.
VRFWPSLETFTNVTEFEYEILAKRLRELSFLNSGVSIRLROKRDGKEDHFHYEGGIKAFV
VRFWPSLETFTNVTEFEVETLAKRLRELSFLNSGVSTRLRDKRDGKEDHFHYEGGIKAFV.

EYLNKNKTPTHPNIFYFSTEKDGIGVEVAL QUNDGFQENTYCF TNNIPQRDGGTHLAGFR
EYLNKNKTPTHPNIFYFSTEKDGIGVEVAL QWNDGFQENTYCF TNNIPQROGGTHLAGFR
EYLNKNKTPTHPNIFYF STEKDGIGVEVAL QWNDGF QENTYCF TNNIPQRDGGTHLAGFR

AAMTRTLE 1. TKDKL 294
AAMTRTLE 1.
AAMTRTLE L 340

Pocket

Alignment testing was performed for all specimens using MEGA11 software and using the ClustalW option. Thus,

Compositional matrix adjust. 294/294(100%) 294/294(100%) 0/294(0%)

60
106
120
166
180
226
240
286

B

Escherichia coli PSS-15 DNA, complete genome
Sequence ID: AP027709.1 Length: 5042533 Number of Matches: 2

Range 1: 3748 to 4606 GenBank Graphics
Score Expect identities Gaps
1576 bits(853) 0.0 857/859(99%) 0/859(0%)
Query 1 CGCTATCGACGAAGCGCT TATCGTCACCATTCACGCCGA

) IIIIII]IIIIIIIIIIIIIIIIIIIIIIIIII[IIlIIIlIIIII[IIIIIII]IIIII
Sbjct 3748 CGCTATCGACGAAGCGCT ATCGTCACCATTCACGCCGA
Query 61  TAACTCTGTCTCCGTACAGGATGATGGGCGCGGCATTCCGACCGGTATTCACC

” IIIIIIIIIII IIIIIIIIIII|I|IIIIIIIIIIlIIlIIIIIIIIIII
Sbjct 3808 TAACTCTGTCTCCGTACAGGATGATGGGCGCGGCATTCCGACCGGTATTCACC
ey 121 A OO A AT AT AL T CTRCACCCACCCOOTAAN

~ LELEELLE LR R R e e et eeerieieinintl
Sbjct 3868 GGGCGTATCGGCGGCGGAAGTGATCATGACCGTTCTGCACGCAGGCGGTAAAT
Query 181  TAACTCCTATAAAGTGTCC TocACSaCoTToRTOTTTCTTOT

2 LRELRLELERELELEIEt] I lI I LI IIIIII]IIIHII[I
Sbjct 3928 TAACTCCTATAAAGTGTCCGGCGGTCTGCACGGCGTTGGTGTTTCGGTTGT
Query 241 'GGAGC YTAT CAGC CACCGTCA!

ke IIIIIIIIIIIIIIIIII 111 IIII II|I|IIIIIIII|I!IIII
Sbjct 3988 SAMUUHALEE AL ACCGTCAGA
Query 301  ACACGGTGTACCGCAGGCTCCGCTGGCGGTTACC SAMAAAC

o ]IIIII]IIIIIIIIIIIIIII]IIIII|IIIIlI|[[IIIII| 111
Sbjct 4048 ACACGGTGTACCG 1OMAMAL
uery 361 geTecoTTTCTCoCccRRCTCoAMCCTTCACCARTETEACCOAR TCoAR

= III|I|l|||II|lII LLLLLLLEELEEEEE T irintl IlII
Sbjct 4108 GTTTCTGG CTCGAAACCTTCACCAATGTGACCG: CGAA’
Query 421 TCTGCGTGAGTTGTCGTTCCTCAACTCCGGCGTTTCCATTC

= HI|I|H|1|I|IIIIIIII|1I||II1||II[|IHIHIIIIIIII[
Sbjct 4168 AAACGTCTGCGTGAGTTGTCGTTCCTCAACTCCGGCGTTTCCA
Query 481  CGACAAGCGTGACGGCAAAGAAGACCACTTCCACTATGAA

. IIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIHIIllllllIIIHIIl
Sbjct 4228 CGACAAGCGTGACGGCAAAGAAGACCACTTCCACTATGAAGGCGGCATCAAGGC
Query 541  TGAATATCTGAACAAGAACAAAACGCCGATCCACCCGAATATCTTCTACTTCT

) LECEEELTEE e r e e e et iiennnng
Sbjct 4288 TGAATATCTGAACAAGAACAAAACGCCGATCCACCCGAATATCTTCTACTTCT
Query 601 AAAAGACGG GG(GTTGCAGT ‘GATGGCTTC

3 III]II]II]IIIIIIIIIIIIIIIII III]IIIIII IIlIIII[II[ |
Sbjct 4348 AAAAGACGGTATTGGCGTCGAAGTGGCGTTGCAGTGGAACGATGGCTTCCAS
Query 661 TR aCT A A A AT T CCACC O T GAL GRC COTAC TCACC T GG

- TECEEEEEL e e e eiriinrnnt IIIIIIIII
Sbjct 4408 CTACTGCTTTACCAACAACATTCC S AL EALT AL
Query 721 COOCOATEACCLOTACLL TEAACCCTACA

2 Il LILLICELELLELLL 11111 IIIIII II
sbjct 4468 PG L UM S LA AL ALA
Query 781  CAAAGTTAGCGCCACCGGTGA GAAGGCCTGATTGCGGTCGT

i |l|||||||lll|ll|||||| ll|||ll|||ll||ll|lll||||ll|l|
Sbjct 4528 CAAAGTTAGCGCCACCGGTGACGATGCGE TTGCGGTCGT
Query 841  AGTGCCGGACCCGAAATTC

) LELLELEEETELELinll
Sbjct 4588 AGTGCCGGACCCGAAATTC 4606

DNA gyrase subunit B [Escherichia coli]
Sequence ID: STL19681.1 Length: 649 Number of Matches: 1

Range 1: 47 to 332 GenPept Graphics

568 m(s(l465) 0.0

Query 2

sbjct 47

Query 182
sbjct 107
Query 362
sbjct 167
Query 542
sbjct 227
Query 722
Sbjct 287

Expect Meth

AIDEALAGHCKEITVT TP
AIDEALAGHCKEIIVT 1P
AIDEALAGHCKEIIVT

IMTVL 181

IMTVLI
VIMTVL 106
SYKvsggihgveysyvNALSOKLELVIQREGKIHROIVEHGVPQAPLAVIGETEKTGTH 361
NSYKVSGELHEVEVSUVAL SOKLELVTORECK THRGTYEMOVPQAPLAVTCETEKTETM
NSYKVSGGLHGVGVSVVNAL SQKLELVIQREGKTHRQIYEHGVPQAPLAVTGETEKTGTM 166

vﬁrwsnmvvsr EYEILAKRLRELSFLNSGVS IRLRDKRDGKEDHFHYEGGIKAFV 541

VRFWH+LETFTNVTEFEYEILAKRLRELSF LNSGVS IRLROKRDGKEDHFHYEGGIKAFV
VRFWHS| ETFTNVTEFEYEILAKRLRELSF LNSGVSTRLRDKRDGKEDHFHYEGGIKAFV 226

EYLNKNKTP IHPNIEYESTEKDGIGVEVALQWNDGE QENTYCETNNIPORDGGTHLAGER | 721
EYLNKNKTP IHPNIFYE STEKDGIGVEVAL QUNDGE QENTYCE TNNIPORDGGTHLAGER
EVLNKNKTPIHPNTFYFSTE KDGIGVEVALQWNDGFQENIYCFTNNIPQROGGTHLAGFR 286

AAMTRTL GDDAREGLT F 859
AAMTRTL GDDAREGLT F
AAMTRTL GDDAREGLT F o332

Compﬂsmanal matrix adjust. 285/286(99%) zae/zss(mn%) wzss(o%) =

¥ Next Match

60
3807
120
3867
180
3927
240
3987

4047
360
4107
420
4167
480
4227
540
4287

4347
660
4407
720
4467
780
4527
840
4587

the specimens included local clinical isolates and were matched with the corresponding global sequences
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belonging to different isolates. Some isolates were completely identical, while some isolates differed in one or
more nitrogenous bases. In addition, all DNA sequences of local clinical isolates were translated into amino acids,
and their amino acid sequences were matched using the BLASTx program. Some sequences were completely
identical to the global isolates, while some isolates differed in one or more amino acids. As shown in Fig.5 and
Fig.6. Determine the gyrB gene ATP-binding pocket This pocket contains many amino acid residues that are
necessary for enzyme catalysis in both vitro and in vivo settings. Particularly, amino acid residues that comprise
the ATP-binding pocket in the E.coli gene gyrB (D73, G77, 178, E42, N46, E50, R76, P79, K165, V167, V47,

and M95) are essential for enzyme activity(Gross et al., 2003).

Protein Sequences

2 E51981 A
2 ES7S1AH
.ES1ES1 A4
31, ES1S1 A4
R ESUSIAHR
3 ESHSI AR
U ESISTAH

3. coll Jupan 31
8. E.col Gemany stH A
37, E cok Francat 51 HA
B EcoiFancest HA
3. E.cok Canch pubH A
. Ecoi Canadst HA
41.EcoiChnazst HA
42 ok Camaea2 31 HA
42 E ool Canata 51 HA
W EcoiBast HA
45 E ol Begums1 HA
48, E ook Austala s1 H A
41.EcokUSAS12) HA
B EiUSASt  HA
43, E ool Unted KegeH A
50, E ool Unted Kegdhl A
1. Ecoli Tawan st HA|
52 E ool Swizariand tH A
5. EcoiSudanst HA
4. coh South KormaH A
£5. E.col Saudi AradiaH A
%, E.col Pakistan s1 H A
57, E ook Norway 31 HA
5. EcoliMenoost HA
53, £ col Kazakhstan H A

Figure 5: Alignment of the amino acids of the gyrBgene sequences of local isolates and
comparing them with sequences of global isolates
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Protein Sequences

Sttty TEFEL FEFEEEL FFFELLEEL PR R F PR P F R PR R FEE R R R E R R F R E R FFFEEEL FEEFEEEFFEREFEL FEFEFEFEEE R
PTG 1 0 T N D v Y\ ‘2L (3 21 LHEVEVEY VA L 1
2essiair F BV VEINA | KB vl A v v 1 v YKV L v L L
acsmstaa F RV VEA | KB vl HA v v 1w YKV L VEA L L
aessotmr Fiv VA 1 R v v 1 v v kv L villAL L
sesssima v vEMA | KB vEiHA v v 1w v Kv L vlla L 4
sesosima rvvENA | KB vl na v v 1w YKV L vHllaL t
ressstar FIRv VEREA | KK LI VEFHA v v 1w YKV L VAL L
scszsimr FEV VA | KB vl HA Vi v 1w YRV L VAL L
aesssian F BV VA | KB VIl A vi v 1w YRV L VAL L
aesusiata 7 By vElA | 81 vl v viu YRV L villaL L
nesustair ¢ By VA | ;R O v v 1w v kv L vHllAL L
nesssiar 7By vENA | KB vl HA v v 1y v kv L viAL L
nesusiar ¢l vEMA | : I v v 1w v kv L vEllaL L
wesosiar By vEMA | 1 vl A v v 1w YKV L vl il
scsusiaa v VA | 1ivlina v v 1w v kv L Y O L
s FRvvEEA | i N v v 1w YRV L v L
nesasiama ¢ By vElA | kvl A v, v 1 v Y KV L vllAL L
messiar v vEMA | K VN v v 1w v kv L vl L
mesnsia r By VA | KB vl oA v v 1w YKV L vllaL 1
acssimr 7RV VEEA 5 OO v v 1 v YRV L VAL L
nesssiaa v VA | R v, v 1w Y KV L villAL L
zesgstaa BV VA | KB vl nA v v 1 v 24 L vilaL L
ncssma F v vENA KB vl oA v v 1w YRV L viaL L
acsasia F v vENA 1 i N v v 1w YRV L Y o L
sesusian F v vEMA 1 Iy Y v v 1y v K v L Y L
aesseia F v vENA ;I v v 1w v v L vilAL L
zesusim F v vEMA | { N v v 1 v YKV L viaL L
mesusia PRV vENA 1 (1 villiHaA v v 1w YRV L vl 1
messsa F v vENA 1 1 O Y v, v 1w YKV L vllAL 1
nesssiar Fv VA 1 KB vllHA v v 1 v YKV L Y L
sessia (Fllv VA | (Bl vllHA v v 1w v KV L vlaL L
zesssia FvvENA | 3 R v v 1w v KV L vllaL L
nesssa FvVENA | Bl vl A v v 1y YKV L v L
wesosia PRV VA | KBVl HA Vi v 1 v YRV L VAL L
sesnsian Filv VA | KB vllinA v v 1w YKV L vlaL L
messia Flv VA | (8 VN v v 1 v v KV L vilaL L
wessae  rvvEEEA | KB vl A v v 1w Y K V! L VAL L
mesia FvvElA (1 vl KA v v 1y v kv L viaL L
messia FEvvENA | 4 N Y v v 1y Y KV L vlAL L
acsssia v VN1 (' vl Ha v v 1y YRV L vl L

Figure 6: Alignment of Gyrb Gene Sequences for Local Isolates Shown Amino Acid That Component of The
ATP Binding Pocket.

3.6. Phylogenetic Analysis of Gyrb Gene
Using the neighbor joining approach, a genetic tree analysis was carried out for the local samples and compared

with the global isolates to determine the link between them. The tree was drawn on a scale (Scale length = 0.02),
Fig.7, which illustrates the relationships between the local samples, which include clinical isolates and the global
isolates. Some of the few local isolates are far apart, indicating significant differences in genetic characteristics

and amino acid sequences, and the rest of the isolates are distributed approximately with the global samples.

500’
Q‘,
Coy w
Eogy -
<y, .t A
e ast
b S K
ES8s1an oy o EouFRneetst
EcoliJapant st W B Ewliapanst

v,

“ EcoiChing,,

Figure 7: Genetic tree of £.colibacteria : Neighbor joining method for local and
some of global isolates, the red color represents local isolates and green color
represents global isolates, with scale length (0.02).
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3.7. Molecular Docking
The three-dimensional shape of the gene was constructed using the (phyre2) program and using the (1-click

docking) program, several proposed chemical compounds were docked to bind to the ATP-binding pocket to
inhibit the gyrB subunit of DNA gyrase enzyme and thus inhibit E.coli bacterial replication as shown in the Table
4,

Table 4: Shows Some of The Chemical Compounds Proposed to Bind to the ATP-Binding Pocket of The Gyrb

Gene.

NO. ChemlcéaDIr%ogr;pound International Chemical Identifier (InChlKey) fo(t(;r/gl\s/lc(;re
1 Dieckol DRZQFGYIIYNNEC-UHFFFAOYSA-N -9.9
2 Robinin PEFASEPMJYRQBW-HKWQTAEVSA-N -9.6
3 Quercitrin OXGUCUVFOIWWQJ-HQOBVPOQASA-N -8.9
4 Vitamin D3 QYSXJUFSXHHAIJI-YRZJJWOYSA-N -8.8
5 Vitamin D2 MECHNRXZTMCUDQ-RKHKHRCZSA-N -8.7
6 Myricitrin DCYOADKBABEMIQ-OWMUPTOHSA-N -8.7
7 Daidzin KYQZWONCHDNPDP-QNDFHXLGSA-N -8.7
8 Rutin IKGXIBQEEMLURG-NVPNHPEKSA-N -8.6
9 naringin DFPMSGMNTNDNHN-ZPHOTFPESA-N -8.6
10 ketotifen ZCVMWBYGMWKGHF-UHFFFAOYSA-N -8.6
11 Rutoside IKGXIBQEEMLURG-NVPNHPEKSA-N -8.6
12 Cyproheptadine JJICFRYNCJDLXIK-UHFFFAOYSA-N -8.5
13 Xanthorhamnin NMGVHLDIHNFGQB-OTCPXFHUSA-N -8.5
14 Dalbergin AZELSOYQOIUPBZ-UHFFFAOYSA-N -8.5
15 Diosmin GZSOSUNBTXMUFQ-YFAPSIMESA-N -8.4
16 Afzelin SOSLMHZOJATCCP-AEIZVZFYSA-N -8.4
17 Cascaroside MNAYRSRTNMVAPR-UHFFFAOYSA-N -8.4
18 Hesperidin QUQPHWDTPGMPEX-QJBIFVCTSA-N -8.3
19 Baicalin IKIIZLYTISPENI-ZFORQUDYSA-N -8.3
20 Hyperion OVSQVDMCBVZWGM-DTGCRPNFSA-N -8.3
21 Genistin ZCOLJUOHXJRHDI-CMWLGVBASA-N -8.2
22 Piroxicam QYSPLOQLAKJAUJT-UHFFFAOYSA-N -8.2
23 Carmine DGQLVPIVXFOQEV-UHFFFAOYSA-N -8.2
24 Clorobiocin FJAQNRBDVKIIKK-LFLQOBSNSA-N -8.1
25 Amygdalin XUCIINAGGSZNQT-JHSLDZIXSA-N -8.1
26 Etodolac NNYBQONXHNTVIJ-UHFFFAOYSA-N -8.1
27 Frangulin A DTTVUKLWJFJOHO-FUCRAMRQSA-N -8.1
28 Cyanidin VEVZSMAEJFVWIL-UHFFFAQYSA-O -8
29 Phaseollidin OFWYIUYVHYPONX-JXFKEZNVSA-N -8
30 Chrysin RTIXKCRFRIGDFG-UHFFFAQOYSA-N -7.9
31 Diacerein TYNLGDBUJLVSMA-UHFFFAOYSA-N -7.9
32 Quercetin REFJWTPEDVJJIY-UHFFFAOYSA-N -7.9
33 Baicalein FXNFHKRTJBSTCS-UHFFFAOYSA-N -7.9
34 Myricetin IKMDFBPHZNJCSN-UHFFFAOYSA-N -7.9
35 Peonidin XFDQJKDGGOEYPI-UHFFFAQYSA-O -7.9
36 Flavan-4-ol YTMFRMLVZQOBDR-WUJWULDRSA-N -7.9
37 Sophoraflavonoloside LKZDFKLGDGSGEO-UJECXLDQSA-N -7.9
38 Eckol PCZZRBGISTUIOA-UHFFFAOYSA-N -7.9
39 Lutin RIKFOVLPORLFTN-LEKSSAKUSA-N -7.9
40 Emodine YDQWDHRMZQUTBA-UHFFFAOYSA-N -7.9
41 Aurone OMUOMODZGKSORV-UVTDQMKNSA-N -7.9
42 Luteolin IQPNAANSBPBGFQ-UHFFFAQYSA-N -7.8
43 Neohesperidin ARGKVCXINMKCAZ-UZRWAPQLSA-N -7.8
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44 Wogonin XLTENNCXVBYBSX-UHFFFAOYSA-N -7.8
45 Spiraeoside OIUBYZLTFSLSBY-HMGRVEAOSA-N -7.8
46 Catechin PFTAWBLQPZVEMU-DZGCQCFKSA-N -7.8
47 Calophyllolide PMBLOLOJQZPEND-GIDUJCDVSA-N -7.8
48 Crocin SEBIKDIMAPSUBY-RTJKDTQDSA-N -4.4
49 Allicin JDLKFOPOAOFWQN-UHFFFAOYSA-N -4.1
50 Propionic acid XBDQKXXYIPTUBI-UHFFFAOYSA-N -3.5

Next, we may use Lipinski's rule of five for oral drug administration to determine the physical and chemical

characteristics of compounds crucial to drug transport in the human body by utilizing the property calculator tool

on the Mcule platform as shown in the Table 5.

Table 5: Shows the Chemical Compounds Most Suitable for Oral Administration.

. No. of
No Name of a chemical H- bond H-bond MW | Login rotatable | Total score
compound donor Acceptors b
onds
1 Daidzin 1 1 1 1 1 5
2 ketotifen 1 1 1 1 1 5
3 Cyproheptadine 1 1 1 1 1 5
4 Dalbergin 1 1 1 1 1 5
5 Piroxicam 1 1 1 1 1 5
6 Etodolac 1 1 1 1 1 5
7 Frangulin A 1 1 1 1 1 5
8 Cyanidin 1 1 1 1 1 5
9 Phaseollidin 1 1 1 1 1 5
10 Chrysin 1 1 1 1 1 5
11 Diacerein 1 1 1 1 1 5
12 Quercetin 1 1 1 1 1 5
13 Baicalein 1 1 1 1 1 5
14 Myricetin 0 1 1 1 1 4
15 Peonidin 1 1 1 1 1 5
16 Flavan-4-ol 1 1 1 1 1 5
17 Sophoraflavonoloside 0 0 0 1 1 2
18 Lutin 1 1 1 1 1 5
19 Emodine 1 1 1 1 1 5
20 Aurone 1 1 1 1 1 5

Molecular docking was visualized using UCSF Chimera to provide a clearer picture of the molecular docking to

highly docked compounds that were subjected to Lipinski's rule of five as shown in Fig.8A-D.
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Figure (8) shows the molecular docking of some chemical compounds and the ATP Active pocket in the
gyrBgene of E.colibacteria; A/ Baicalein - B/ Ketotifen - C/ Etodolac - D/ Diadzin

4. Discussion
Antimicrobial resistance is a growing medical concern. Worldwide, more than 1 million people died from resistant

bacterial infections in 2019, and if nothing is done to treat this critical problem, the death will be estimated to rise
to 10 million annually by 2050 (Ranjbar and Alam, 2023). Fluoroguinolones, which target DNA gyrase and
topoisomerase 1V, are listed by the World Health Organization as one of the "top five" antimicrobials currently in
clinical use. Unfortunately, the clinical utility of this class of drugs is diminished by the high incidence of
mutations in gyrase and/or topoisomerase 1V (i.e., target-mediated resistance), and to address this problem, new
classes of antibacterial drugs are being developed (Oviatt et al., 2024). Quinolones have demonstrated efficacy
against several illnesses, such as TB, chronic bronchitis, sexually transmitted diseases, and urinary tract infections.
Although quinolones can target DNA gyrase and topo IV in many bacterial strains, the predominant target depends
on the kind of bacteria being treated with quinolone. Their study found that topoisomerase 1V is a secondary drug
target and DNA gyrase is the major toxic target of quinolones based on an investigation of E.coli strains containing
drug-resistant mutations in both of these enzymes. Fluoroquinolones seem to prefer to target Topo IV in Gram-
positive bacteria, while DNA gyrase is typically their main target in Gram-negative bacteria.(Spencer and Panda,

2023) . Molecules are designed to target the bacterial DNA gyrase of pathogenic bacterial species based on certain
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physicochemical properties (especially for orally absorbed drugs), e.g. molecular weight, lipophilicity, water
solubility (molecules must be highly soluble), and drug permeability to the intestinal membrane. The charge, mass,
and lipophilicity of the molecule also influence its ability to cross through membranes(Kumar et al., 2023) -

Many drugs are resistant to chromosomal mutations and transferable genetic elements like plasmids. Numerous
mechanisms are present in antibiotic-resistant bacteria that result in decreased drug entry, decreased intracellular
retention and changes to target proteins that lessen the medicines' affinity. Although certain medications have
been licensed throughout time that work by blocking this enzyme, bacterial GyrB remains a significant therapeutic
target(Carpio Arévalo and Amorim, 2021). The need to create new, more potent antibiotics is constant as
antibiotic-resistant bacteria become a more serious health concern. The ATP-dependent enzymes Gyrase B (GyrB)
and Topoisomerase 1V (ParE), which are essential and highly conserved bacterial type Il DNA topoisomerases,
control changes in DNA topology and integrity during transcription, recombination, and replication. Both
enzymes are also necessary for independent bacterial growth. GyrB and ParE differ in several structural and
functional aspects, but they both catalyze DNA double-strand breaks and the ligation that follows. They also both
bind to and hydrolyze ATP to give the energy required for these processes. Quinones' effectiveness is restricted
by the ubiquity of target-based resistance.(Durcik et al., 2020) . Several hydrophobic residues, including VAL43,
ALA47, ILE78, PRO79, ILE90, MET91, VAL120, VAL67, ARG136, and ASN46, lining the binding pocket in
gyrB of E.coli. For example, for ATP hydrolysis to occur, ASN46 must coordinate with the Mg*? ion present in
the ATP binding pocket. Therefore, our docked complexes need to bind to residue ASN46. It is believed that all
compounds that exhibit hydrophobic interactions with amino acid residues and form H-bonds with amino acid
residues, may be crucial for their potential inhibition of gyrB(Kumar et al., 2023). The docking results of our
current study are similar to the hydrophobic interactions reported by some studies.(Carpio Arévalo and Amorim,
2021; Amorim et al., 2022) Molecular docking was performed according to standard protocols, Figure (4) shows
the alignment of amino acids of the gyrB gene sequences of local isolates and compared with the sequences of
global isolates, and Figure (5) shows the alignment of the gyrB gene sequences of local isolates, amino acids that
form part of the ATP binding pocket and shows the occurrence of mutations that did not affect the structure of the
protein, some mutations appear such as (Alanine ) to (Arginine ) in site(53), (Glutamic acid) to (Lysine ) in
site(58),(Lysine) to (Glutamine)in site (129),(Arginine) to (Histidine)in site(136) and (Glutamine) to (Histidine)
in site(151). The ATP binding pocket of the gyrB gene was identified, this pocket contains many amino acid
residues necessary for enzyme catalysis both in vitro and in vivo. In particular, the amino acid residues that form
the ATP binding pocket in the E.coli gyrB gene were found (D73, G77, 178, E42, N46, E50, R76, P79, K165,
V167, VA7, and M95), It is essential for enzyme activity. Table 3 shows some of the chemical compounds
proposed to bind to the ATP binding pocket of the gyrB gene, where the compound Dieckol showed good activity
against E.coli and gave the highest binding energy of (-9.9) kcal/mol among the compounds tested, while the
compound Robinin showed good activity against E.coli and gave the highest binding energy of (-9.6) kcal/mol.
The compounds from the sequence (3-28) showed less activity and the binding energy ranged from (-8.9) to (-8)
kcal/mol. Recently, computational applications have been widely used to predict molecular interactions in
biological systems to study molecular recognition or design more effective biologically active compounds.
Molecular docking and molecular dynamics are two types of modern computational methods that can provide
molecular interactions between receptor proteins and drugs and how to stabilize the interaction. These methods

focused on protein-drug complexes (ligands) to study how drugs bind to protein receptors, which is very important
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for the discovery or development of new biologically active compounds in combating diseases. Moreover,
methods for identifying the fingerprints of the protein-ligand interaction, which shows the strength of the
interaction development, are also being developed (Zubair etal., 2021). In our current study, some of the simulated
chemical compounds showed suitability for oral administration (after submitted to Lipinski's rule of five by
utilizing the property calculator tool on the Mcule platform), The most important one is Daidzin., a natural
component of soybeans, is a glycoside form of the flavonoid daidzin. It has also been reported to have anticancer
activity in the early stages of prostate cancer development and reduce the risk of postmenopausal breast cancer. It
can inhibit telomerase activity by hydrogen bonding with nitrogenous bases as well. Daidzin has lower docking
energy on tyrosine kinase receptor proteins, indicating a higher binding affinity for daidzin than other compounds
(Wee and Wang, 2017) . Daidzein does not show hydrophobic interactions with some amino acids such as LEU
820, LEU694, ALAT719, VAL702, and LYS721, while only hydrogen bonding appears between the glycosidic
group and amino acid residues of ALA719, LYS721, LEU764, THR830, and ASP831 are located in the phosphate
binding region along with the sugar pocket. Moreover, the aglycone portion of daidzein also shows hydrophobic
interactions with amino acids LEU820, VAL702, and LEU694 (Fajrin et al., 2018) (Zubair et al., 2021) Daidzein
did not show this type of interaction as hydrogen bonding was only found between the glycosidic group and amino
acid residues of ALA719, LYS721, LEU764, THR830, and ASP831 located in the phosphate binding region of
EGFR along with the sugar pocket. Moreover, the aglycone part of daidzein also showed hydrophobic interaction
with amino acids LEU820, VAL702, and LEU694 (Arba and Tjahjono, 2015; Prasasty and Istyastono, 2020).

5. Conclusions

It is noted from the current study that the amino acid levels of the Iragi specimens are identical to the international
specimens in the (QRDR) region and the ATP binding pocket. The compounds (Diadzin, Ketotifen,
Cyproheptadin, Dalbergin, Piroxicam, Etodolac, Frangulin A, Chrysin, Quercetin, Myricetin, Peonidin, Flavan-
4-ol, Lutin, Emodine, Aurone, Baicalein, and Phaseollidine are promising compounds that are likely to be
characterized by the inhibitory effect of the ATP binding domain in the gyrB gene of E coli, and after further
investigation, it is safe to take it orally.

6. Recommendations

Given the limited sources available for the amino acid sequences of the gyrA gene and the gyrB gene in Iraq, it is
recommended to study and create a database regarding local isolates of E.coli bacterial genes. Study the three-
dimensional shape of drug targets and try to devise compounds capable of inhibiting these targets to reach
compounds that can work as antibacterial treatments.
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