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ABSTRACT

Background: Urinary tract infections (UTI) are major health problems
affecting millions of people each year. As an opportunistic pathogen
Proteus mirabilis causes urinary tract infections, ciprofloxacin is a
recommended drug for the treatment of UTIs, but a progressive increase
in fluoroquinolone resistance has been seen in clinical isolates. The study
was a qualitative study, aimed to highlight the importance of using
conventional and molecular techniques in the detection of different
mutations within the genome of Proteus mirabilis isolates.

Methods: In this study a total of (3895) specimens were collected from
patients with symptoms of UTIs attending different hospitals in
Khartoum State during the period from June 2016 to May 2017.
Midstream urine samples were collected and cultured for UTI diagnosis
and ciprofloxacin susceptibility. Then polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) and sequencing
was performed for detection of Gyrd, GyrB, ParC and ParE genes
mutations of isolated P. mirabilis.

Results: The findings of this study suggested high prevalence of UTlIs
among females (53.5%) compared to males (46.5%). P. mirabilis was
isolated from (3.1%) patients, with different ratio (females, 55:males, 45),
occurred highest in the age group (11 — 49 years).

UTI is commonly caused by a range of pathogens, but most
commonly by Escherichia coli (56.1%) followed by Klebsiella
pneumoniae (18.0%), Enterococcus faecalis (9.9%),
Pseudomonas  aeruginosa (8.9%), Proteus mirabilis (3.1%),
Proteus vulgaris (2.2%), Citrobacter spp. (0.8%), Staphylococcus
epidermidis (0.6%) and Staphylococcus aureus (0.4%). The target
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urinary isolates reflected high resistance to ciprofloxacin (71.7%),
whilst P. mirabilis shown (30%) resistant to ciprofloxacin.

Mutations associated with ciprofloxacin resistance P. mirabilis in GyrA
(Ser 83 to Ile) and ParC (Ser 81 to Ile). Also it revealed silent mutations
at following codons of GyrB (474 leucine, 585 valine, 612 histidine and
639 asparagine) and ParE (469 isoleucine, 531 aspartic and 533 glycine).

Conclusion: Only one or two mutations in both Gyr4 and ParC genes of
Proteus mirabilis are necessary to obtain resistance to ciprofloxacin,
ParC is important as GyrA to cause resistance susceptibility to
ciprofloxacin in Proteus mirabilis and In Proteus mirabilis the silent

mutation in QRDR regions is not enough for ciprofloxacin resistance.
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PREFACE

Part of the project’s findings was published in peer-reviewed journals:

1. Randa H Abdelkreem, Leila M Abdelgadeir and Mogahid M Elhassan (2018). Ciprofloxacin
Susceptibility of Proteus Mirabilis Isolated from Sudanese Patients with Urinary Tract Infections.
1OSR Journal of Dental and Medical Sciences. 17 (4): 85-87.

2. Randa H abdelkreem, Leila M Abdelgadeir, Miskelyemen A. Elmekki, Husham N. Altayb and
Mogahid M Elhassan (2018). Characterization of Ciprofloxacin Resistant Proteus mirabilis and
Evaluation the Effects of gyrA and gyrB, parC and parE Mutations in Quinolones Resistant Urinary

Isolates (under processing).

Also the following sequences have been submitted to MBL/GENEBANK

Sample Accession Target Amino acid change
numbers gene Amino acid Nucleotide
1A MH310924 GyrA - -
3A MH310925 GyrA Ser 83 Ile AGT-ATT
8A MH310926 GyrA - -
1B MH310921 GyrB Lus 474 Lus TTA -TTG
Val 585 Val GTT -GTC
3B MH310922 GyrB Lus 474 Lus TTA -TTG
Val 585 Val GTT -GTC
8B MH310923 GyrB Lus 474 Lus TTA -TTG
His 612 His CAC-CAT
Asn 639 Asn AAT AAC
1C MH310927 ParC Ser 84 Ile AGT-ATT
3C MH310928 ParC Ser 84 Ile AGT-ATT
Pro 116 Pro CCA CCT
8C MH310929 ParC His 81 His CAC CAT
1E MH310930 ParE - -
3E MH310931 ParE Ile 469 Ile ATC-ATT
Asp 531 Asp GAC-GAT
8E MH310932 ParE Ile 469 Ile ATC-ATT
Asp 531 Asp GAC-GAT
Glu 533 Glu GGT-GGA
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CHAPTER ONE
INTRODUCTION AND OBJECTIVES

1.1 Introduction

Urinary tract infections (UTIs) are serious health problems affecting
millions of people each year. They are considered as the second most
common type of infection in the body (Murtada et al., 2014). Proteus
mirabilis is one causes of urinary tract infections (UTIs) among members
of the FEnterobacteriaceae family (Rozalski et al., 1997), As an
opportunistic pathogen, P. mirabilis causes urinary tract infections,
wounds, burns, respiratory tract, and other sites infections (Weigel et al.,
2002). Which are often persistent and difficult to treat, and is also an
important cause of nosocomial infections (Rozalski et al., 1997).

The treatment of UTIs differs according to the age of the patient, sex,
underlying disease, infectious agent and whether there is lower or upper
urinary tract involvement. Ciprofloxacin is a recommended drug for the
treatment of UTIs (Endimiani et al., 2005). Though wild-type strains of
P. mirabilis are usually susceptible to fluoroquinolones (Endimiani ef al.,
2005; Hernandez et al., 2000), but a progressive increase in
fluoroquinolone resistance has been seen in clinical isolates (Hernandez
et al., 2000; Kim et al., 2004).

Fluoroquinolones and earlier quinolones are novel among antimicrobial
agents in clinical use because they directly inhibit deoxyribonucleic
acid (DNA) synthesis. Inhibition appears to occur by interaction of the
drug with complexes composed of DNA and either of the two target
enzymes, DNA gyrase and topoisomerase IV. These enzymes are
structurally related to each other, both being tetrameric with pairs of two

different subunits. The Gyr4 and GyrB subunits of DNA gyrase are



respectively homologous with the ParC and ParE subunits of
topoisomerase 1V. Both enzymes are type 2 topoisomerases, which act by
breaking both strands of a segment of DNA, passing another segment
through the break, and then resealing the break. For DNA gyrase, this
topoisomerization reaction results in removal of DNA supercoils, thus
affecting the negative supercoiling of DNA necessary to initiate DNA
replication and removes positive supercoils that accumulate before an
advancing replication fork. For topoisomerase 1V, the topoisomerization
reaction results in separation of the interlocking of daughter DNA strands
that develop during replication, this facilitates the segregation of daughter
DNA molecules into daughter cells. In both cases, fluoroquinolones
appear to trap the enzyme on DNA during the topoisomerization reaction,
forming a physical barrier to the movement of the replication fork (Hiasa
et al., 1996), Ribonucleic acid (RNA) polymerase, and DNA helicase.
The collision of the replication fork with these trapped complexes triggers
other poorly defined events within the cell that ultimately result in cell
death (Willmott ef al., 1994; Shea and Hiasa, 1999).

The mechanisms of fluoroquinolone resistance include one or two of the
three main mechanistic categories, alterations in the drug target, and
alterations in the permeation of the drug to reach its target (Wetzstein et
al., 1997). The primary mechanisms of resistance to fluoroquinolones are
mutations that result in alteration of the target proteins, DNA gyrase
(encoded by gyr4 and gyrB) and topoisomerase IV (encoded by parC and
parE), and decreased intracellular drug accumulation due to drug efflux
or changes in outer membrane proteins. In several species of
Enterobacteriaceae, decreased susceptibility or resistance to
fluoroquinolones is associated with specific point mutations in gyrA.
Additional mutations in the gyrase or topoisomerase IV genes contribute

to higher levels of resistance (Weigel et al., 2002).



1.2 Hypothesis of the Study
It has been postulated that the active-site region of DNA gyrase, and by
homology of topoisomerase IV, may constitute the region of quinolone
binding, since GyrA mutations result in decreased drug binding. No
structural data on topoisomerase-DNA-quinolone complexes have,
however, been reported. Therefore, the exact mode of binding of
quinolones to the enzyme-DNA complex remains unknown.
1.3Rational
UTlIs are serious health problems affecting millions of people each year.
They are considered as the second most common type of infection in the
body. Misuse of antibiotics in developing countries such as Sudan,
encourages the phenomenon of drug resistance. Whilst ciprofloxacin is a
recommended drug for the treatment of UTIs in Sudan. A progressive
increase in resistance to ciprofloxacin has been seen in clinical isolates of
Proteus mirabilis.
1.4 Research Questions

e What is a real situation of antimicrobial susceptibility pattern of

Proteus mirabilis among Sudanese patients?
e  Which one of the DNA Gyr4 and GyrB, ParC and ParE genes
is commonly responsible for the ciprofloxacin resistance in

Sudan?

e [s there any detectable mutation (s) in any of the study genes?



1.5 Objectives
1.5.1 General objective

Molecular characterization of ciprofloxacin resistance genes among
Proteus mirabilis isolated from Sudanese patents.

1.5.2 Specific objective

e To isolate and identify different pathogenic bacteria that caused
UTIs among Sudanese patients.

e To estimate the frequency of Proteus mirabilis among UTI isolates
against empirical antibiotics by using conventional methods.

e Identify and type Gyr4, GyrB, ParC and ParE in Proteus mirabilis
isolates by using PCR technique.

e To determine different mutations (if present) among Gyr4 and
GyrB, ParC and ParE by DNA sequencing.

e To compare the results of sensitivity pattern obtained by PCR with

Modified Kirby Bauer method.



CHAPTER TWO

Literature Review

2.1 The Genus Proteus

2.1.1 Definition

Proteus mirabilis is a small gram negative bacillus and a facultative
anaerobe, it ferments maltose, and inability to ferment lactose.
P.mirabilis has the ability to elongate itself and secrete a polysaccharide
when in contact with solid surfaces, making it extremely motile on items
such as medical equipment. P. mirabilis has ability to swarm over the
surface of media, this characteristic makes them readily recognizable in
the laboratory. It differs from other Enterobacteriaceae in the production
of a very strong urease, which aids their rapid identification. It also leads
to production of urinary stones and produces alkalinity and an ammonia
odor to the urine (Ohara et al.,2000).

P. mirabilis is part of the Enterobacteriaceae family, it is part of the
normal flora of the human gastrointestinal tract of mammals. It can also
be found free living in water and soil. When this organism, however,
enters the urinary tract, wounds, or the lungs it can become opportunistic
pathogenic. P. mirabilis commonly causes UTIs and the formation of
stones. (Jacobsen and Shirtliff, 2011).

2.1.2 Historical Background

P. mirabilis was first discovered by a German pathologist named Gustav
Hauser in 1885. He named this genus Proteus, after the character in
Homer’s the Odyssey that was good at changing shape and evading being
questioned. The genus originally had two species: P. mirabilis and
P. vulgaris, both first described by Hauser in 1885. He noted the

swarming nature of the organisms and divided the strains into the two



species based on the speed of their ability to liquefy gelatin: P. vulgaris
liquefies gelatin “rapidly,” and P. mirabilis does so “more slowly”.
Hauser also described “Proteus zenkeri,” which neither swarmed nor
liquefied gelatin, but he rescinded this particular finding (7 years) later
(Williams and Schwarzhoff, 1978).

2.1.3 Classification

The genus Proteus is classified in the phylum proteobacteriaas part of the
Enterobacteriaceae family. In this family it is placed in the tribe
Proteeae, together with the genera Morganella and Providencia. Proteus
rods are distinguishable from most other genera by their ability to swarm
across agar surfaces of solid media. The genus Proteus currently consists
of five species: P. mirabilis, P. vulgaris, P. penneri, P. hauseri and
P. myxofaciens, as well as three unnamed Proteus genome species
(O’hara et al.2000; Janda and Abbot 2006). The differentiation of Proteus
mirabilis rods according to the results of biochemical tests (Do not
ferment lactose, rapidly hydrolyze urea (within 4 hours), This is an
important early screening test in differentiating enteric pathogens, e.g.
Salmonellae and shigellae from Proteus, P. mirabilis is a facultative
anaerobe. It is able to produce urease enzyme, which then hydrolyzes
urea to ammonia and carbon dioxide, the bacterium also produces
hydrogen sulfide(Coker et al., 2000). The P. mirabilis ferment sucrose
and ferment glucose with production of gas, P. mirabilis produce the
enzyme phenylalanine deaminase, which is needed for it to use the amino
acid phenylalanine as a carbon and energy source for growth, don’t
produce indole from the amino acid tryptophan (P. vulgaris produce

indole from the amino acid tryptophan). Citrate test different strains give

different results (Cheesbrough, 2007).



2.1.4 General Properties

P. mirabilis 1solated from the intestinal tract of mammals, birds and
reptiles. They also are distributed widely in the environment, with
reservoirs in soil, polluted water and sewage, where they play an
important role in decomposing organic matter of animal origin. Besides
the saprophytic mode of life in the natural environment and in the
intestines of humans and domestic animals, optimal environmental
conditions for the bacterium are a highly alkaline environment. As a
facultative anaerobe, P. mirabilis does not require oxygen for
reproduction and survival (Miguelet al., 2010).

P. mirabilis is a facultative anaerobe. It is able to produce urease, which
then hydrolyzes urea to ammonia and carbon dioxide, the bacterium also
produces hydrogen sulfide (Coker et al., 2000).

2.1.5 Toxins and Enzymes

Two toxins encoded by P. mirabilis hemolysin HpmA and Proteus toxic
agglutinin (Pta). In addition to HpmA and Pta, activity of the enzyme
urease also contributes to tissue damage (Greta, 2010).

Hemolysin is a toxin that inserts into target eukaryotic cell membranes
forming a pore, causing the efflux of ions and subsequent cell damage
(Braun and Focareta,1991). Hemolysin facilitates bacterial spread within
the kidney and development of pyelonephritis during ascending UTIs
(Lukomski et al., 1991).

Pta protein contains active o-domain capable of lysing kidney and
bladder cells. P. mirabilis negative Pta gene had reduced pathology as
well as, a significant colonization defect in the bladder, kidneys and
spleen (Alamuri and Mobley 2008; Alamuri et al.,2009).

P. mirabilis produces urease, an enzyme that converts urea into ammonia

by the following process: {(NH,),CO — 2NH; + CO,}. Infection by



P. mirabilis can therefore be detected by an alkaline urine sample (pH 8
and up) with large amounts of ammonia (Gonzales, 2006).

2. 2 Pathogenicity of Proteus mirabilis

2.2.1 Virulence Factors

Like many other pathogens P. mirabilis has evolved numerous virulence
factors that are important for causing UTI and several of these factors
appear to be more important for establishing infection in different areas
of the urinary tract. These factors include adherence to host mucosal
surfaces, damage and invasion of host tissues, evasion of host immune
systems, and iron acquisition. There are, as well, virulence factors that are
crucial for successful colonization of the urinary tract (e.g., urease for
hydrolyzing urea and flagella for ascending to kidneys through ureters).
Expression of these virulence factors is most likely spatially and
temporally regulated. The bacterium must gain entry to the urinary tract
via the urethra (or indwelling catheter), travel to and colonize the bladder,
ascend the ureters to the kidneys, colonize the kidneys and maintain
infection. In some cases, the organism may gain access to capillaries and
establish bacteremia. These events require the organism to express
different adhesions and flagella concordant with morphological changes
from vegetative swimmer cell to hyperflagellated swarmer cell, express
toxins, and avoid the host immune response (Coker et al., 2000).

P. mirabilis is an opportunistic pathogen of the urinary tract in older
individuals. It is not a common cause of urinary tract infections in normal
hosts, more than (90%) of which are due to E. coli infections. However,
in patients with structural or functional abnormalities in their urinary
tracts or patients with long-term catheterization, up to (44%) of the
urinary tract infections are caused by P. mirabilis. Due to the production
of urease by this organism, infection with P. mirabilis not only develops

into cystitis and acute pyelonephritis but also causes stone formation in



the bladder and kidneys. This urolithiasis is a hallmark of infection with
this organism (Coker et al., 2000).

2.2.1.1Flagella

The most distinctive characteristic of P. mirabilis and other Proteus
species is swarming motility. Swarming motility, simply defined, is “the
movement of highly elongated and flagellated swarm cells across the
surface of a solid medium in periodic cycles of movement and
consolidation” Considering the fact that this specialized form of motility
was first reported by Hauser in 1885 (Williams and Schwarzhoff, 1978).
P. mirabilis can display two different morphological and physiological
forms; one is known as the swimmer cells and the other as swarmer cells.
When cultured in broth (referred to as vegetative swimmer cells) are
typically (1-2 um) long; after inoculation onto solid agar medium, the
cells undergo a drastic morphological change and they increase to (20-80
um) in length. As the shorter cells elongate, there is a corresponding
increase in the number of flagella per cell; short cells typically have
(1-10) flagella, but the number of flagella present on the elongated cells
has been estimated to be between (500 - 5,000). In addition, the rate of
DNA replication remains constant even though septation is inhibited
(Nielubowicz, 2010); thus P.mirabilis swarming also requires
differentiation into distinct swarm cell morphology. Regulation of the
swarm cell differentiation process is not fully understood, but many
components have been investigated and recently reviewed. For instance,
surface contact and the resulting inhibition of flagellar rotation are critical
for swarm cell differentiation in most strains, and a combination of
surface contacts and changes in cell wall and lipopolysaccharide
composition ultimately promotes activity of the flagellar master regulator
and expression of the flagellar genes. Factors that impact temporal

regulation of swarming, swarm speed, or overall swarm pattern have also



been identified, such as putrescine and certain fatty acids. There is also an
intimate connection between swarming and energy metabolism, as
normal swarming requires pathways that generate pyruvate and
a complete oxidative tricarboxylic acid (TCA) cycle, even though
P. mirabilis appears to use anaerobic respiration during swarming.
P. mirabilis swarming is also influenced by aeration, growth rate, cell
density, and the concentration of Sodium chloride (NaCl) or other
electrolytes (Chelsieet al., 2013). Many ways of inhibiting swarming in
cultural plates have been described: these include the physical restriction
of movement of Proteus cells by increasing the agar concentration to (3-4
%), the prevention of the formation of flagella through the incorporation
into the media of ethanol (5.5%), detergents, bile salts or other surface-
active agents and the retardation of the cell growth rate by incorporating
into the media growth inhibitors. Swarming is inhibited in MacConkey
agar by the bile salts, so on this kind of medium Proteus strains form
discrete colonies (Cheesbrough, 2006).

2.2.1.2Fimbriae and Adherence Ability

Bacterial adhesion to the uroepithelium is an essential step for
colonization and infection, particularly in a system of continuous urinary
flow. Analysis of the genome sequence of P. mirabilis produces several
fimbriae and hemagglutinins, including mannose-resistant/Proteus-like
(MR/P) fimbriae, P. mirabilis fimbriae (PMF), uroepithelial cell adhesion
(UCA), ambient-temperature fimbriae (ATF), and P. mirabilis P-like pili
(PMP) (Pearsonet al., 2008; Rocha et al., 2007).

The MR/P fimbriae (mannose-resistant/Proteus-like) are the best
understood and most important fimbriae of P. mirabilis. The MR/P gene
cluster is constituted by two transcripts mrpABCDEFGHJ (mrp operon)
and mrp(Bahrani and Mobley, 1994), Several studies have been

demonstrated association of MR/P fimbriae and uropathogenesis in
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murine model. Other studies have been demonstrated that this fimbria is
immunogenic and can be used as vaccination target (Rocha et al., 2007).
The uroepithelial cell adhesion (UCA) is organized as long and flexible
rods. The role of these fimbriae in the virulence of P. mirabilis, the UCA
plays an important role in the colonization of the urinary tract using a
UCA mutant and wild-type strains in murine model of infection. The
UCA operon contains five genes denominated PMI0532-PMI0536 of the
genome sequence of HI4320 (Pearsonet al., 2008).

The ambient-temperature fimbriae (ATF) are important in ambient
P. mirabilis life style. This fimbria optimal expression is only in (23°C),
(Zunino et al.,2000) there is significant difference of ATF mutant strain
and wild-type in a murine model of urinary infection. Taken together
these fimbriae are not important in P. mirabilis host colonization (Massad
et al.,1994).

The P. mirabilis fimbriac (PMF) were isolated and their operon
nucleotide sequence was determined by (Massad and Mobley, 1994). The
genetic organization of the PMF fimbriae operon revealed five functional
genes pmfACDEF (Massad and Mobley., 1994; Massad et al.,1994). The
important role of this fimbria in P. mirabilis colonization of bladder and
kidneys (Zunino et al., 2003).

The P. mirabilis P-like pili (PMP) were characterized from P. mirabilis
strain isolated from a dog with urinary infection (Gaastra et al.,1996).
PMP are present in the genome of human P. mirabilis uropathogenic
strain HI4320. The genetic operon organization contains (9 genes
PMI12216-PMI2224) (Pearsonet al., 2008).

2.2.1.3 Outer Membrane Proteins

P. mirabilis outer membrane proteins (OMPs) play a critical role in the
host—pathogen interaction, both by protecting bacteria from a hostile

environment and by promoting their virulence (Finlay and Falkow, 1997).
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The OMPs are key players in bacterial adaptation to different
environment conditions as they control the nutrient passage across the
membrane and excretion of toxic compounds. The OMPs expression is
regulated by environmental signals, as for example, the abundance or lack
of specific nutrients, which makes them essential for the adaptation to
host niches (Lin et al., 2002).

Outer membrane proteins (OMP) possess immunogenic properties and
mitogenic activity for B cells, OM lipoproteins and their synthetic
analogs function as adjuvants and can also activate macrophages to
produce tumor necrosis factor (TNF). The OM of P. mirabilis contains
three major proteins of (39.0, 36.0, and 17.0 kDa). The (39-kDa) protein
was identified as the OmpA protein, and the (36-kDa) protein appeared to
be a peptidoglycan-associated matrix protein (Miguel et al., 2010).

2.2.1.4 Lipopolysaccharide (O-antigen, Endotoxin)

Lipopolysaccharide (LPS) are endotoxins, well-known of gram-negative
bacteria, which cause a broad spectrum of pathophysiological effects such
as fever, hypotension, disseminated intravascular coagulation, and lethal
shock. Endotoxin can be released from cell surfaces of bacteria during
their multiplication, lysis and death (Antoni et al., 1997).

Proteus is anantigenically heterogeneous genus, principally because of
structural differences of its O-specific polysaccharide chain of LPS
(O antigen), as well as its H antigen. The chemical classification of
P. mirabilis and P. vulgaris LPS in to (16) chemotypes (Sidorczyk et al.,
1975).

Lipopolysaccharide bacterial surface antigen is recognized by specific
antibodies produced by the host defense system. LPS from the S form of
pathogenic bacteria contributes to their resistance against bactericidal
action of serum and intracellular killing by phagocytes (Antoni et al.,

1997).
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2.2.1.5 Capsule Antigens

The capsule structure termed as slime material or glycocalyx (highly
hydrated polymers present on the surface of bacteria), was demonstrated
to be a potential pathogenic factor of Proteus strains because of its
positive effect on struvite crystal growth and stone formation. P. mirabilis
(06 and O57) and P. vulgaris (O19) could synthesize a capsule antigen
structure identical to the O-specific chain of their LPS. The acidic
character of Proteus due to the presence of uronic acids, pyruvic acid, or
phosphate groups, enabled them to bind metal cations (e.g., Mg21) via
electrostatic interactions (Antoniet al., 1997; Dumanski et al., 1994).
2.2.1.6 Hemolysin

Hemolysin is a toxin that inserts into target eukaryotic cell membranes
forming a pore, causing the efflux of ions and subsequent cell damage
(Braun and Focareta,1991). Hemolysin facilitates bacterial spread within
the kidney and development of pyelonephritis during ascending UTIs.
The hemolysin genes of P. mirabilis are two-partner secretion system
(hpmA and hpmB). HpmB transports and activates HpmA. HpmA is
found in the periplasm, while HpmB is probably found in the outer
membrane to be located, participating in the secretion process of
HpmA (Lukomski ef al., 1991).

2.2.1.7 Proteus Toxic Agglutinin (Pta)

P. mirabilis Pta protein is outer-membrane autotransporter that mediates
cell-cell aggregation and also contains a catalytically active a-domain
capable of lysing kidney and bladder cells. P. mirabilis negative Pta gene
had reduced pathology as well as, a significant colonization defect in the
bladder, kidneys and spleen(Alamuri and Mobley 2008; Alamuri et
al.,2009).

13



2.2.1.8 Urease Enzyme

Urease is very important in P. mirabilis pathogenesis. This enzyme
catalyzes the formation of kidney and bladder stones or to encrust or
obstruct indwelling urinary (Coker et al., 2000). The urea-inducible
urease gene cluster (urea RDABCEFG) encodes a multimeric
nickel metalloenzyme that hydrolyzing urea to ammonia and carbon
dioxide, thereby increasing the pH and facilitating the precipitation of
polyvalent ions in urine (stone formation). This pH alteration is important
during P. mirabilis catheter colonization, facilitating the bacterial
adherence and formation of biofilm incrustation(Coker et al., 2000;
Cristiani and Sergio, 2014). Stone formation is a hallmark of P. mirabilis
infection, supplying a number of advantage including, the host immune
system protection, blockage of the ureters, ammonia toxicity to host cells,
and direct tissue damage. These facts lead to a protective and nutrient-
rich environmental niche for the microorganism (Cristiani and Sergio,
2014).

2.2.1.9Metalloproteinase (ZapA)

The bacteria persistence in the host must evasion of innate and adaptive
immune responses. P. mirabilis presents several evasion mechanisms.
P. mirabilis encodes a metalloproteinase (ZapA), that cleaves serum and
secretory immuno-globulin (Al IgAl, IgA2 and IgG) (Walker
et al.,1999). Demonstrated that ZapA mutant ion results in a dramatic
decrease in the recovery of bacteria from the urine, bladder and kidneys.
This microorganism has ability to vary expression of MR/P fimbriae and
flagella, thus tricking the immune system (Bahrani and Mobley.,1994).
As already mentioned, the stone formation is characteristic of
uropathogenesis of P. mirabilis. This event contributes to persistence by
causing retention of urine, generating a reservoir of bacteria, preventing

wash-out and evasion of immune system (Sabbubaet al., 2003).
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2.2.2 Transmission

P. mirabilis can be found as a free-living microbe in soil and water. The
organism is also normally found in the gastrointestinal tract of humans.
P. mirabilis has access to the bladder by infecting the periurethral area
and causes UTIs primarily through indwelling catheters. Usually the
urinary tract can wash out the microbe before it accumulates, but the
catheter prevents this from happening. P. mirabilis can then adhere to the
insides and outsides of the catheter, forming biofilm communities. Once
established, these microbes pass through the urethra via swarming
motility to the bladder. P. mirabilis binds to bladder epithelial cells where
it eventually colonizes (Coker et al., 2000). P. mirabilis infection can also
lead to the production of kidney and bladder stones. The bacteria colonize
the stones as they form, making them less accessible to antibiotic attack
(Pearson et al., 2008).

2.2.3 Pathogenesis

Pathogenicity of P. mirabilis is accomplished in the following two steps.
First the microorganism needs to colonize the urinary tract and second,
the microorganism needs to successfully evade host defenses.
Colonization of the urinary tract is done by using two of the four types of
fimbriae called Mannose-resistant fimbriae (MRF) and P. mirabilis
fimbriae (PMF). The importance of the MRF was determined in a study
done at the Mobley lab at the University of Michigan Medical School. In
their study they were able to successfully produce a nasal vaccine against
MREF that worked in mice (Janson, 2003).

There are four possible mechanisms by which P. mirabilis can use to
evade the host defenses. The first is production of an IgA-degrading
protease which functions to cleave the secretory IgA. IgA is released by
the host in an initial response to infection (Janson, 2003). The second

immune system evasion mechanism is through three unique flagellin
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genes, which have been shown to recombine and form novel flagella
capable of tricking the host’s defenses (Belas et al.,2003). The third is
through expression of the MR/P fimbriae is immunogenic and can be
used as vaccination target. They go through a process called phase
variation by which the expression of flagella is found in some cells but
not in others of the same population. The fourth mechanism is the urease-
mediated stone formation. Production of ammonia by the action of urease
results in stone formation, and these stones in turn, help protect the
bacteria (Janson, 2003).

Urease and hemolysin are known to cause damage to host epithelial cells.
As mentioned above, urease can damage host epithelial cells through the
formation of stones. Hemolysin damages cells because of its property as a
potent cytotoxin (Janson, 2003).

2.2.4 Clinical Feature

Patients may present with urethritis, cystitis, prostatitis, or pyelonephritis.
Chronic, recurring stones may be an indication of chronic infection.
Urethritis are usually mild and may be dismissed by the patient. Women
present with dysuria, pyuria, and increased frequency of urination.
Presenting symptoms in males are usually mild and may include urethral
discharge. Cystitis tend to be more prominent compared to those of
urethritis. In both men and women, symptoms are of sudden onset (Engel
and Schaeffer, 1998). They include dysuria, increased frequency,
urgency, suprapubic pain, back pain, small volumes, concentrated
appearance, and hematuria. If the patient is febrile, this could be a sign of
bacteremia and impending sepsis. These symptoms may not be present if
the patient has an indwelling catheter. Symptoms of pyelonephritis
include flank pain, nausea and vomiting, costovertebral angle tenderness,
fever, and, rarely, a palpable and tender kidney. Hematuria and pyuria are

frequently encountered (Pewitt and Schaeffer, 1997).
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2.2.5 Epidemiology

Infections caused by P. mirabilis are commonly caused by infected
medical equipment including catheters, nebulizers (responsible for
inhalation), and examination gloves (responsible for wound infections).
The length of catheterization is directly related to incidence of infection.
Each day of catheterization gives an infection rate of (3-5%).
UTlIs caused by P. mirabilis also occur commonly in sexually active
women and men, especially those engaging in unprotected intercourse.
Younger women are at greater risk than younger men; however, older
men are at greater risk than older women due to the occurrence of
prostate disease (foxman, 2010).

2.3 Laboratory Diagnosis

2.3.1 Specimen

Most urine specimens are obtained from adult patients via the clean catch
midstream technique. Midstream urine is in most cases contaminated with
the flora of the anterior urethra, which often corresponds to the pathogen
spectrum of urinary tract infections. Bacterial counts must be determined
if “contamination “is to be effectively differentiated from “infection.” At
counts in morning urine of (>10°/ml) an infection is significant
bacterureia. Lower counts may also be diagnostically significant in
urethrocystitis. The dipstick method, which can be used in any medical
practice, is a simple way of estimating the bacterial count: a stick coated
with nutrient medium is immersed in the midstream urine, then incubated.
The colony count is then estimated by comparing the results with
standardized images (Fritz et al., 2005).

Catheterizing the urinary bladder solely for diagnostic purposes is
inadvisable due to the potential for iatrogenic infection. Uncontaminated
bladder urine is obtainable only by means of a suprapubic bladder

puncture (Fritz et al., 2005).
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2.3.2 Microscopy

P. mirabilis are gram negative polymorphic rods, actively motile, non
sporing and non-capsulated(Cheesbrough, 2007).

2.3.3 Culture Technique

P. mirabilis when cultured in Blood agar aerobically, it has a
characteristic fishy odor and produce swarming due to active motility. To
preventing Proteus swarming on blood agar by adding chemicals, drying
of agar plates, using alcohol treated plates, or increasing the concentration
of agar (Cheesbrough, 2007).

When cultured in MacConkey, CLED and XLD media the Proteus
produces individual non-lactose fermenting colonies after overnight
incubation at (35-37 °C). Swarming is prevented on MacConkey agar and
XLD agar because these media contain bile salts. Swarming is inhibited
on CLED agar because it is electrolyte deficient (Cheesbrough, 2007).
2.3.4Polymerase Chain Reaction (PCR)

The technique PCR was used in investigating some of the genes
responsible for the virulence factored in P.mirabilis through the use of
pieces of the DNA with limited number of oligonucleotide which act as
primers specialized for virulence genes in P.mirabilis, and it include ureC
gene which is responsible for the production urease enzyme which is
regarded as a diagnostic feature of the bacteria of P.mirabilis and hpmA
gene which is responsible for producing hemolysin is considered as
important virulence factor for P.mirabilis (Hashimet al., 2016).
2.4Treatment and Control

The treatment of UTIs differs according to the age of the patient, sex,
underlying disease, infectious agent and whether there is lower or upper
urinary tract involvement. Ciprofloxacin is a recommended drug for the

treatment of UTIs (Endimiani et al, 2005). Though wild-type strains of
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P. mirabilis are usually susceptible to fluoroquinolones (Endimiani et al.,
2005; Hernandez et al., 2000).

P. mirabilis is intrinsically resistant to tetracycline and nitrofurantoin
with intermediate resistance to chloramphenicol. Proteus species isolated
from catheter UTI are fairly resistant to amoxicillin and trimethoprim,
and an increasing number of isolates multi-drug resistance against
cephalosporins,  aminoglycosides,  fluoroquinolones, = amoxicillin
clavulonate and cotrimoxazole (Wazait ef al., 2003; Cohen et al., 2010).
2.4.1 Ciprofloxacin

Ciprofloxacin is a synthetic chemotherapeutic antibiotic of the
fluroquinolone drug class. It is a second generation fluoroquinolone
antibacterial (Yaseen et al., 2003).

Ciprofloxacin is one of the broad-spectrum antibiotic active against both
gram positive and gram negative bacteria. It stops bacterial infections by
interfering with the enzymes that cause DNA to rewind after being
copied, which works by inhibiting DNA gyrase, topoisomerase IV and a
type Il topoisomerase (Drlica and Zhao, 1997).

2.4.1.1 Mechanism of Action

Fluoroquinolones and earlier quinolones are novel among antimicrobial
agents in clinical use because they directly inhibit DNA synthesis.
Inhibition appears to occur by interaction of the drug with complexes
composed of DNA and either of the two target enzymes, DNA gyrase and
topoisomerase 1V. These enzymes are structurally related to each other,
both being tetrameric with pairs of two different subunits. The Gyr4 and
GyrB subunits of DNA gyrase are respectively homologous with the
ParC and ParE subunits of topoisomerase IV. Both enzymes are type 2
topoisomerases, which act by breaking both strands of a segment of
DNA, passing another segment through the break, and then resealing the

break. For DNA gyrase, this topoisomerization reaction results in

19



removal of DNA supercoils, thus affecting the negative supercoiling of
DNA necessary to initiate DNA replication and removes positive
supercoils that accumulate before an advancing replication fork. For
topoisomerase IV, the topoisomerization reaction results in separation of
the interlocking of daughter DNA strands that develop during replication;
this facilitates the segregation of daughter DNA molecules in to daughter
cells. In both cases, fluoroquinolones appear to trap the enzyme on DNA
during the topoisomerization reaction, forming a physical barrier to the
movement of the replication fork (Hiasa et al.,1996), RNA polymerase,
and DNA helicase. The collision of the replication fork with these trapped
complexes triggers other poorly defined events within the cell that
ultimately result in cell death (Willmotter al.,1994; Shea andHiasa, 1999).

2.4.1.2 Mechanisms of Resistance

The mechanisms of fluoroquinolone resistance include one or two of the
three main mechanistic categories, alterations in the drug target, and
alterations in the permeation of the drug to reach its target (Wetzsteinet
al., 1997).The primary mechanisms of resistance to fluoroquinolones are
mutations that result in alteration of the target proteins, DNA gyrase
(encoded by Gyr4 and GyrB) and topoisomerase IV (encoded by ParC
and ParE), and decreased intracellular drug accumulation due to drug
efflux or changes in OMPs. In several species of Enterobacteriaceae,
decreased susceptibility or resistance to fluoroquinolones is associated
with specific point mutations in GyrA4. Additional mutations in the gyrase
or topoisomerase IV genes contribute to higher levels of resistance
(Weigelet al., 2002).

2.5 Prevention and Control

P. mirabilis is part of the normal flora of the gastrointestinal tract, and as
a result the bacteria enters the urinary tract or infects medical equipment

by the fecal route. Consequently, prevention includes good sanitation and
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hygiene, including proper sterilization of medical equipment. Recurrent
infection in otherwise healthy woman can be prevented by regularly
emptying the bladder this washes bacteria out of the urinary tract and is
particularly important following intercourse. The prophylactic use of
antibiotic resistant strains, which subsequently cause infections that are
more difficult to treat (Cedric et al., 2006).

Infection in catheterized patients is very common, but can be reduced by
good catheter care procedures. Catheterization should be avoided if
possible or kept to minimum duration (Cedric et al., 2006).

P. mirabilis infections can be treated with broad-spectrum ciprofloxacin
penicillins or cephalosporins except in severe cases. It is not susceptible
to nitrofurantoin or tetracycline and has experienced increasing drug
resistance of ampicillin, trimethoprim, and ciprofloxin. In cases with
severe stone formation, surgery is necessary to remove the blockage
(Sabbubaet al., 2003).

2.6 Genome Sequencing of Proteus mirabilis

The gram-negative enteric bacterium P. mirabilis is one causes of UTIs in
individuals with long term indwelling catheters or with complicated
urinary tracts. P. mirabilis bacteriuria may lead to acute pyelonephritis,
fever, and bacteremia. Most notoriously, this pathogen uses urease to
catalyze the formation of kidneys and bladder stones or to encrust or
obstruct indwelling urinary catheters. The genome is (4.063 Mb) long and
has a G_C content of (38.88%). There is a single plasmid consisting of
(36,289) nucleotides. Annotation of the genome identified (3,685) coding
sequences and seven rRNA loci. Analysis of the sequence confirmed the
presence of previously identified virulence determinants, as well as a
contiguous (54-kb) flagellar regulon and (17) types of fimbriae. Genes
encoding a potential type Il secretion system were identified on a Low-

G_C-content genomic island containing (24) intact genes that appear to
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encode all components necessary to assemble a type III secretion system
needle complex. In addition, the P. mirabilis HI4320 genome possesses
four tandem copies of the ZapE metalloprotease gene, genes encoding six
putative autotransporters, an extension of the ATF fimbrial operon to six
genes, including an mrpJ homolog and genes encoding at least five iron
uptake mechanisms, two potential type IV secretion systems, and (16)
two-component regulators (Melanie et al.,2008).

2.6.1 DNA Gyrase

DNA gyrase is an enzyme found only in bacteria. This enzyme uses the
energy of ATP hydrolysis to introduce negative supercoils into DNA
(Corbett et al., 2004). Negative DNA supercoiling is essential for
chromosome condensation, relieving torsional strain during replication,
and promoting local melting for vital processes such as transcript
initiation by RNA polymerase (Wang, 2002). DNA gyrase is an excellent
target for quinolones because it is not present in eukaryotic cells and is
essential for bacterial growth. This enzyme comprises two subunits, A
(97 kDa) and B (90 kDa), which form an A2 B2 tetramer (Wang, 2002).
2.6.1.1GyrAGene

The (97 kDa) A subunit is composed of a (59 kDa) (Gyr459) N-terminal
domain (NTD) and a (38 kDa) C-terminal domain (Gyr4A-CTD) and
contains the functional parts that are involved in DNA binding (Cabral
et al., 1997). It contains a catabolite-activator-protein (CAP) like domain
which includes the known DNA binding helix-turn-helix (HTH) motif
(Cabral et al.,1997; Fass et al., 1998). The CAP-like structure element
contains the active site tyrosine residues (Tyr122). These are crucial for
the breakage and religation of the DNA (Cabral et al, 1997). The
structure of Gyr4-CTD adopts a spiral circular-shaped-pinwheel fold that
plays an important role in DNA wrapping (Costenaro et al., 2005). It 1s

assumed to contribute to the unique ability of gyrase amongst the
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topoisomerases to introduce negative supercoils into positively
supercoiled and relaxed DNA (Corbett et al., 2004). Although the spatial
orientation of (Gyr459) and GyrA-CTD has been proposed on the basis of
SAXS, a high resolution structural model of the complete GyrA subunit is
still missing (Costenaro et al., 2005).

2.6.1.2 GyrB Gene

The B-subunits amount to (90 kDa) each and are responsible for ATP
binding, its hydrolysis and support DNA binding (Grossmann et al.,
2007). The GyrB consists of three domains of which the (43 kDa NTD)
harbors the ATPase activity (Brino et al., 2000). The (47 kDa CTD) of
GyrB consists of a toprim and a tail domain and contributes to the binding
of DNA via interaction with the Gyr4 subunit (Kampranis and Maxwell,
1998).

2.6.2 Topoisomerase IV

Topoisomerase IV is a homologue of DNA gyrase, comprising four
subunits, two of C and two of E, encoded by the parC and parE genes,
respectively. The topoisomerase IV locus was described in 1990.
However, a number of quinolone resistance markers had already been
described and mapped to this locus. The reaction mechanism of
topoisomerase IV is similar to that of gyrase but topoisomerase IV binds
to DNA crossovers rather than wrapping DNA. Topoisomerase 1V is
primarily involved in decatenation, the unlinking of replicated daughter
chromosomes (Peter, 2003).

2.6.2.1ParC Gene

The ParC subunit is (752) amino acids long and is positioned in a manner
that allows it to act favorably with certain DNA geometries, enabling it to
serve as a control of substrate specificity (Champoux, 2001). The ParC
C-terminal domain of active topoisomerase IV is thought to contribute

heavily to the unique functions of the enzyme in contrast to gyrase
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(Corbett et al., 2005). When the activity of topoisomerase enzymes
lacking the ParC C-terminal domain was tested, they unwound both
negative and positive supercoils with similar efficiency. This finding
implies that the C-terminal domain of this subunit plays a crucial role in
topoisomerase IV substrate specificity. Removing the C-terminal domain
of ParC also influenced the decatenation activity of topoisomerase IV
(Corbett et al., 2005).

ParC are the subunits responsible for DNA binding and the cleavage and
religation reaction(Levine ef al., 1998).

2.6.2.2 ParE Gene

The heterotetramer of topoisomerase IV also includes two subunits of
ParE, a (630) amino acid domain, along with the two subunits of ParC.
The ParE subunit is important in regulating the enzyme function. Only
when the enzyme is bound to positive supercoils can the ParE subunits
interact to facilitate unwinding (Crisona and Cozzarelli, 2006). Both the
ParC and ParE subunits are necessary for functional topoisomerase
activity (Champoux, 2001). ParE are responsible for ATP binding and
hydrolysis (Levine et al., 1998).
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study Approach

The study was a qualitative study, aimed to highlight the importance of
using conventional and molecular techniques in the detection of different
mutations within the genome of Proteus mirabilis isolates.

3.1. 1 Study Design

A prospective hospital based study was conducted by collection of urine
samples from patients with clinical manifestations of UTI during the
period from June 2016 to May 2017.

3.1. 2 Study Area

Different Hospitals located in Khartoum State were included in the study
which include: Military Hospital, East Nile Hospital, Soba University
Hospital, Khartoum Bahri Teaching Hospital, Ahmed Gasim Hospital,
Omdurman teaching Hospital and Ribat university Hospital.

3.1.3 Study Population

A total of (3895) specimens were collected from patients with symptoms
of UTIs from different hospitals in Khartoum State.

3.1.4 Ethical Clearance

Proposal of this study was submitted to the Federal Ministry of Health as
well as the Colleague of Medical Laboratory Sciences in Shendi
University for ethical approval.

3.1.5 Data Collection

Data were collected by using a standard data questionnaire consisting of
basic demographic data. Additional information also included social
status, history of previous UTI, and history of using antibiotics

(Appendix I).
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3.2 Diagnostic Approach

3.2.1 Sample Collection

Patients were asked to clean their external genitalia with disinfectant and
collect midstream urine in sterilized cap. Samples were kept in ice bag
and directly transported to microbiological laboratory.

3.2.2 Media and Culture Conditions

Urine samples were cultured on CLED agar, blood agar, MacConkey agar
and Nutrient agar medium and incubated over night at (37°C). Significant
growth was evaluated as (> 10°) colony-forming units CFU/mL of
midstream urine, then Gram stain, biochemical test (Oxidase test, Kligler
Iron Agar, Tryptophan Peptone Water, Semisolid Media, Simmon’s
Citrate Agar, Christensen’s Urea Agar) finally sensitivity test were
conducted in Muller Hinton agar (Appendix II ).

3.2.2.1 Cystine Lactose Electrolyte Deficient CLED Agar

All isolates were inoculated onto Cystine Lactose Electrolyte Deficient
CLED Agar (HIMEDIA, India) and plates were incubated at (37°C) for
(2448 hrs).

3.2.2.1 MacConkey Agar

All isolates were inoculated onto MacConkey agar (Oxoid Media, UK)
and plates were incubated at (37°C ) for ( 24-48 hrs.).

3.2.2.2 Blood Agar

All isolates were inoculated onto blood agar (HIMEDIA, India) and
plates were incubated at (37°C) for (2448 hrs.).

3.2.2.3 Nutrient Agar

All isolates were subcultured onto nutrient agar medium (HIMEDIA,
India), and plates were incubated at (37°C) for (2448 hrs.) in order to

purify the isolated bacteria from each patient urine specimen.
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3.2.3 Gram’s Stain

Gram stain was essential technique for initial identification of bacterial
isolates. The procedure was carried out according to (Cheesbrough, 2007)
as follows; smear was prepared from overnight culture on a clean and dry
slide. The smear was left to air dry. Fixation was done by rapid pass of
the slide three times through the flame of a Bunsen burner then allowed
to cool before staining. Crystal violet stain was added to smear for (30-60
seconds), and then washed by tap water. Lugol’s iodine was added for
(30-60 minutes) then washed by tap water and decolorized rapidly (few
seconds) with acetone alcohol and washed immediately by tap water.
Finally, the smear was covered with Safranin stain for (2 minutes) and
washed by tap water. The back of slide was wiped clean and placed in a
draining rack for smear to air dry. Drop of oil was added to the dried
smear and examined under the light microscope by oil lens 100X
(Cheesbrough, 2007).

3.2.4 Biochemical Tests

3.2.4.1 Oxidase Test

The oxidase test is for the presence of cytochrome oxidase. Using a piece
of stick or glass rod (not an oxidized wire loop), removed colony of the
test organism and smeared it on filter paper soaked with a few drops of
oxidase reagent, Looked for the development of a blue-purple colour
within a few seconds (Cheesbrough, 2007).

3.2.4.2 Kligler Iron Agar(KIA)

Kligler Iron Agar is used for the differentiation of microorganisms on the
basis of dextrose and lactose fermentation and hydrogen sulfide
production. Using sterile straight loop The colonies were touched and
inoculated on Kligler iron agar (HIMEDIA, India) and then incubated at
(37 °C) overnight incubation(Cheesbrough, 2007).
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3.2.4.3 Urease Test

Testing for urease enzyme activity is important in differentiating
enterobacteria. Proteus strains are strong urease producers. The test
organism is cultured in a medium which contains urea and the indicator
phenol red (HIMEDIA, India), and then incubated at (37 °C) overnight
incubation (Cheesbrough, 2007).

3.2.4.4 Simmon’s Citrate Agar

This test is one of several techniques used occasionally to assist in the
identification of enterobacteria. Using sterile straight loop, the colonies
were touched and inoculated the butt of Simmon’s citrate agar
(HIMEDIA, India) and then incubated at (37 °C) overnight incubation
(Cheesbrough, 2007).

3.2.4.5 Indole Test

Testing for indole production is important in the identification of
enterobacteria. Most bacteria break down the amino acid tryptophan with
the release of indole, the tested organism inoculated to tube containing
(3 ml) of sterile tryptone water (HIMEDIA, India), and then incubated at
(37 °C) overnight incubation then interpreted after adding kovac’s reagent
to tryptophan peptone water medium (Cheesbrough, 2007).

3.2.4.6 Motility Test

Testing for motility and swarming is important in the identification of
enterobacteria. Using sterile straight loop, the colonies were touched and
inoculated the butt of semisolid media (HIMEDIA, India), and then
incubated at (37 °C) overnight incubation(Cheesbrough, 2007).

3.2.5 Antimicrobial Susceptibility Testing

Susceptibility pattern was done by modified Kirby-Bauer method. All the
isolated organisms were put into appropriate media for antibiotic
susceptibility test by Kirby-Bauer disc diffusion technique. Disc diffusion

tests were performed and interpreted according to the recommendations
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of the Clinical and Laboratory Standards Institute (CLSI, 2010). All tests
were performed on Muller-Hinton agar plates (pH 7.2-7.4). The surface
was lightly and uniformly inoculated by sterile cotton swab stick. Prior to
inoculation, the swab stick was dipped into bacterial suspension having
visually equivalent turbidity to (0.5) McFarland standards. The swab stick
was then taking out and squeezed on the wall of the test tube to discard
extra suspension. Inoculated plates were incubated at (37 °C) for (24 hrs).
On the next day, plates were read by taking measurement of zone of
inhibition. Inhibition zones were measured in millimeter (mm) by using a
ruler over the surface of the plate with the lid open. They were held a few
inches above a black, nonreflecting background and illuminated with
reflected light. Results were recorded and graded as resistant
(R),intermediate (I) and sensitive (S), according to the reference zone of
inhibition of particular antibiotic (NCCLS, 2001).

3.3 Molecular Approach

3.3.1 Polymerase Chain Reaction

3.3.1.1 DNA Extraction for Polymerase Chain Reaction

Genomic DNA templates for PCR amplification were gained from
overnight growth of bacterial isolates on nutrient agar suspended in
(500 pL) of sterile deionized water, and boiled for (10 minutes). After
centrifugation of the boiled samples at (14000 g) for (10 minutes) (Sigma
1-14 Germany Microcentrifuge) (Appendix 1V - Figure 34), supernatant
was stored at (20°C) as a template DNA stock (Kazuki ef al., 2014). The
purity of the extracted DNA was determined by running the DNA sample
on (2%) gel agarose (Sambrook et al., 1989).

3.3.1.2 Primer Design

Degenerate oligonucleotide primers (Table 1 and Appendix III) from
conserved regions of the Gyrd, GyrB, ParC and ParE genes were

designed by primer3plus (www.bioinformatics.nl/primer3plus) from
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Proteus mirabilis HI4320 DNA sequences in the GenBank database
(NCBI) and synthesized by Macrogen (South Korea).
Table (1) Primers used for detection of virulence genes in Proteus

mirabilis strains

Primer | primers Sequence Product
size bp

Gyr A F5'- AGCGACATTGCCAGAGAAAT -3° 937
R 5- CACCGACTGCATCACGTTT -3’

Gyr B F 5'- GGCAAAACAAGGGCGTAA-3’ 822
R 5- GCCCCTTCTTCAATCAGGTT-3"

Par C F 5'- CAGCGTCGTATCGTCTATGC-3’ 992
R 5"-CGGCGTAATACTTTTTCTAAGC-3"

Par E F 5'- GGAAGGAGGCGATTTACTCA-3’ 972
R 5'-GGATCAAGCGTTGTCTCACG-3’

3.3.1.3 Amplification of GyrA, GyrB, ParC and ParE Genes

The amplification was done using (CLASSIC K960 China thermal
cycler) (Appendix IV- Figure 35). DNA amplifies was done using
Maxime PCR Premix kit (/-Taq) (iNtRON, Korea) (Appendix V). The
PCR assay was carried out in a total volume of (20 uL) of mixture
containing (0.5 puL) of each of the virulence gene-specific primers (1 pL),
(2 puL) of template DNA and (17 pL) of water for injection (WFI). The
amplification conditions included three steps: heating at (94°C) for
(5 minutes); (35 cycles) of denaturation at (94°C) for (30 seconds),
annealing at (55°C) for (30 seconds), and extension at (72°C) for (30
seconds); and the final extension at (72°C) for (3 minutes) (Weigelet al.,
2002).

3.4.1.4 Visualization of the DNA

The gel casting tray was placed into the electrophoresis system, tank
flooded with 1x TBE buffer just to cover the gel surface, (5 ul) of PCR
products from each samples was added to wells of electrophoreses, (5 pl)
of DNA ladder (100-bp DNA ladder, iNtRON, Korea) (Appendix VI),

was added to the well in each run. The gel electrophoresis apparatus was
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connected to power supply (Primer, 100 V, 500 mA, UK) (Appendix IV-
Figure 36). The electrophoresis was carried out at (75Volts) for (30
minutes) and the gel tray was removed from the electrophoresis apparatus
and the buffer was discarded. Then the gel was visualized for DNA bands
by U.V transilluminator and photographed (Uvitec — UK) (Appendix IV-
Figure 37).

3.3.2 Restriction Fragment Polymorphism(RFLP-PCR)

The PCR product was digested with Hinfl (CutSmart™ , New England
Biolabs, Inc) restriction endonuclease digestion under conditions
recommended by the manufacturer to detect GyrA (ser 83) and ParC (ser
81) mutations. It was carried out in a total volume of (50uL) of mixture
containing 20uL. DNA product, 1pL restriction enzyme, SuL (10X) NE
Buffer, 24uL of WFI (water for injection) and incubated at 37°C for 5-15
min (Appendix VII). The amplified and the digestion products were
resolved by electrophoresis in agarose (2%) gels and visualized by
ethidium bromide staining (figure 1) (Shang et al., 2009)

3.3.3 Sequencing of the Target Genes and Detection of Mutations
Three product selected randomly to detect Gyr4 and GyrB, ParC and
ParE, the sequencing done in South Korea after transport by DHL
company for product to Macrogens Inc (info@macrogen.com) in both
directions with the same set of primers used for the PCR by Sanger
dideoxy chain termination method.

3.3.3.1 Data and Genetic analysis

The data analysis by suitable statistical tests using statistical software
package (SPSS - version 20). The sequences were checked for similarity
with reference genes using NCBI’s BLAST
(http://www.ncbi.nlm.nih.gov/blast). The sequences were translated into
amino acid codon using Expasy translation tool. The protein sequences

were then checked for similarity in BLAST.
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CHAPTER FOUR

RESULTS
4.1 Demographic Data

A total of (3895) urine specimens were collected from patients with
symptoms of UTIs from Military Hospital (809), East Nile Hospital
(148), Soba University (410), Khartoum Bahri Teaching Hospital (415),
Ahmed Gasim Teaching Hospital (346), Omdurman Teaching Hospital
(1319) and Ribat University Hospital (448). Among the study population
2085 (53.5%) were females while 1810(46.5%) were males, among these
P. mirabilis were identified in 120 (3.1%) patients (66 patents 55% were
females and 54 patents 45% were males) as shown in (Figure 1). The
difference rate in male among female statistically insignificant at P-
value=0.743. Also other data were registered in the submitted

questionnaire (Appendix 1).

2019 66

1756 54
(46.50%) (45%)

60%
50%
40%
30%
20%
10%
0%

Female Male

B 2 mirabilis M Other bacteria

Figure (1) Relation between Proteus mirabilis and gender compared to
other isolates (P-value=0.743)

4.1.1Enrolled Patients Versus Age Groups
Patients enrolled in the study were divided into three age groups: less

than (10 yrs), (11- 49 yrs), and more than (50 yrs). The highest
frequency of isolates 2087 (53.6%) was in the age group (11-49yrs),
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followed by the age group of more than (50 yrs) 1663 (42.7%) while the
lowest frequency of isolates 145 (3.7%) in the age group of less than
(10 yrs) as shown in (Figure 2). The difference rate age group
statistically significant at p-value=0.000.

From 11-49
2087 (53%)

More than
50
1663 (43%)

Less than 10

From 11-49

More than 50

M Lessthan 10 MW From 11-49 ™ More than 50

Figure (2) Frequency of the isolates according to age groups (p-
value=0.000)

4.2 Bacteriological Findings

4.2.1 Identification Scheme

The bacterial isolates obtained in this study were identified according to
their cultural characteristic, colonial morphology, Gram reaction and their
biochemical properties, the total number of bacterial isolates were (3895),
3472 (89.1%) were Gram negative isolates and 423(10.9%) were Gram
positive. The identification scheme confirmed that 120 (3.1%) of isolated
ware belonging to the species P. mirabilis, 2185(56.1%) were E. coli, 703
(18.0%) were K. pneumoniae , 85 (2.2%) were Pvulgaris,348 (8.9%)
were Ps. aeruginosa, 31 (0.8%) were Citrobacter spp., 386 (9.9%) were
E. faecalis, 23 (0.6%) were S.epidermidis and 14 (0.4%) were S. aureus
as illustrated in Figures 3,4,5,6,7,8, 9 and 10.
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E  KIA Citrate Indole Urease Motility

Figure (3) Identification of the P. mirabilis (A); Overnight growth of P. mirabilis
on CLED media which produces blue color duo to none lactose fermenting,(B);
Overnight growth of P. mirabilis on MacConkey media which produces yellow color
duo to none lactose fermenting,(C); Overnight growth of P. mirabilis on blood agar
medium which produced swarming, (D); P. mirabilis under microscope with X100
objectives, (E); Biochemical test of P. mirabilis (KIA none lactose fermented, glucose
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fermented without gas and Hjs produced, citrate positive, Produced of indole after
adding of Kovac’s reagent, urease positive and highly motile bacteria)

E  KIA Citrate Indole Urease Motility

Figure (4) Identification of the E. coli(A); Overnight growth of E. coli on CLED
media which produces yellow color duo to lactose fermenting, (B); Overnight growth
of E. coli on MacConkey media which produces pink color duo to lactose
fermenting,(C); Overnight growth of E. colion blood agar medium, (D); E. coli under
microscope with X100 objectives, (E); Biochemical test of E. coli(KIA: lactose and
glucose fermented with gas produced and H2s none produced, citrate negative,
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Produced of indole after adding of Kovac’s reagent, urease negative and motile
bacteria)
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Figure (5) Identification of the K. pneumoniae (A); Overnight growth of
K. pneumoniae on CLED media which produces yellow color duo to lactose
fermenting,(B); Overnight growth of K. pneumoniae on MacConkey media which
produces pink color duo to lactose fermenting,(C); Overnight growth of K.
pneumoniae on blood agar medium, (D); K. pneumoniae under microscope with X100
objectives, (E); Biochemical test of K. pneumoniae (KIA: lactose and glucose
fermented without gas and H2s produced, citrate positive, None produced of indole
after adding of Kovac’s reagent ,urease weakly positive and None motile bacteria)
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E . KIA Citrate Indole Urease Motility

Figure (6) Identification of the P. vulgaris (A); Overnight growth of P. vulgaris on
CLED media which produces blue color duo to none lactose fermenting,(B);
Overnight growth of P. vulgaris on MacConkey media which produces yellow color
duo to none lactose fermenting,(C); Overnight growth of P. vulgaris on blood agar
medium which produced swarming, (D); P. vulgaris under microscope with X100
objectives, (E); Biochemical test of P. vulgaris (KIA none lactose fermented, glucose
fermented without gas and H,s produced, citrate positive, None produced of indole
after adding of Kovac’s reagent, urease positive and highly motile bacteria)
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Figure (7) Identification of the Ps. aeruginosa (A); Overnight growth of
Ps.aeruginosa on blood agar medium, (B); Ps.aeruginosa under microscope with
X100 objectives,(C); Cytochrome oxidase enzyme produced by Ps. Aeruginosa,(D);
biochemical test of Ps.aeruginosa (KIA none lactose and glucose fermented without
gas and Hjs,citrate positive, None produced of indole after adding of Kovac’s reagent,
urease positive and motile bacteria)
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Fugue (8) Identification of the Streptococcus epidermidis(A);Overnight growth of
S. epidermidis on blood agar medium which produces grey color with novobiocin
disk, (B);S. epidermidis under microscope with X100 objectives,(C);Oxygen bubbles
formation by S. epidermidis (catalase test),(D);No clumping in coagulated plasma
drop by S. epidermidis (coagulase test).
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Figure (9) Identification of the S. aureus (A); Overnight growth of S. aureus on
blood agar medium which produces grey color, (B); Fermentation reaction of S.
aureus on MSA medium,(C); S. aureus under microscope with X100 objectives,
(D); Oxygen bubbles formation by S. aureus (catalase test), (E); Clumping in
coagulated plasma drop by S. aureus (coagulase test).
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Citrobacterspp._ S. aureus

S. epidermidis__0-8% £0-4% __ P mirabilis
0.6% 3.1%
E. faecalis

0,

Ps. Aeruginosa 0%
8.9%
P vulgaris
2.2%

—

K. pneumoniae
18%

Figure (10) Frequency of the isolated bacterial species from urine samples

4.2.2 Results of Modified Kirby-Bauer Technique

The results of modified Kirby-Bauer method showed that P. mirabilis
reflected decrease sensitivity to ciprofloxacin 84 (70%) sensitive and 36
(30%) resistant (Figure 11), while the other bacteria 995 (26.36%)
Sensitive, 23 (0.61%) Intermediate and 2757 (73.03%) resistant to
ciprofloxacin as shown in (Figure 12 and 13). The difference rate of

sensitivity test statistically significant at p-value=0.000.
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Figure (11) Susceptibility test of P. mirabilis to ciprofloxacin by modified Kirby-
Bauer method

Figure (12) Susceptibility test of (A) E. coli (B) Ps. aeruginosa ciprofloxacin by
modified Kirby-Bauer method

2757 84

0,
(73.03%) (70%) S5

70%
36 60%
(30%) (269 22?) 50%
=P 40%

23 0 30%
(0.61%) (0%) 20%

—— 10%
0%

Resistat Intrmediate Sensitive

W P mirabilis M Other bacteria

Figure (13) Sensitivity of P. mirabilis against ciprofloxacin comparing to other

non-Proteus isolates (p-value=0.000)
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4.3 Molecular Findings

4.3.1 Purity of the Extracted DNA Chain Reaction

P. mirabilis extracted DNA purity was detected by (2%) agarose gel, the
extracted DNA was clearly seen in pure form and high amounts
compared to the DNA marker which contain (40 ng) in (5uL) loading (all
fragments except typical band DNA). The typical band of DNA
fragmentsis (100 ng) (figure 14).

: \A marker
Extracted D ik

Figure (14) P.mirabilis extracted DNA separated by 2% agarose gel

4.3.2 PCR for the amplification of Gyr4, GyrB, ParC and ParE
Genes

Degenerate oligonucleotide primers from conserved regions of the Gyr4,
GyrB, ParC and ParE genes were designed from alignments of known
DNA sequences in the GenBank database (NCBI). PCR amplified Gyr4
gene product (937 bp) which encoded (312) amino acids, GyrB Gene
product (822) which encoded (274)P amino acids, ParC Gene product
(992) which encoded (230) amino acid and ParE Gene product (972)
which encoded (324) amino acids of all the isolates P. mirabilis on the

agarose gel (Figurel5).
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Figure (15) PCR products of Gyrd, GyrB, ParC and ParE separated by 2% agarose
gel : lane 1: Negative control lane 2: and 3: PCR products

4.3.3Hinf1Digestion to Screen mutations in GyrA and ParC Genes

Quick screening of (120) P.mirabilis to detect the mutation at the codon
(83 ser) of the GyrA gene and (84 ser) of ParC, was done by Hinfl
restriction endonuclease digestion. PCR amplified Gyr4 gene product
(937 bp) of all the isolates ( mutant 83ser :two band 601 and 336 bp, non-
mutant 83 ser: three band 601, 200 and 136 bp), when digested with the
Hinf1 restriction endonuclease enzyme gave two bands of (601 and 336
bp) and ParC product (992 bp) of all the isolates ( mutant 84ser :two
band 709 and 273 bp, non-mutant 84 ser: three band 656, 273 and 53 bp),

when digested with the HinfI restriction endonuclease enzyme gave two
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bands of (709 and 273 bp) on the agarose gel (Figurel6) all samples
mutate at (serine 83) of Gyr4 and (serine 84) of ParC.

marker 1 marker 1

gt

e
W 937 pb

Figure (16) PCR products of Gyrd and ParC were digested with Hinfl and
separated by 2% agarose gel. A (GyrA4): lane 1: non-digested products (937 bp), lane
2: Hifl-digested product (601 and 336 bp) lane 3: negative control and B (ParC): lane
1: non-digested products (992 bp), lane 2: Hifl-digested product (709 and 273 bp) lane
3: negative control

4.3.4 Sequencing of GyrA, GyrB, ParC and ParE Genes and Detection
of Mutations

Sequencing of Gyr4 QRDR of P. mirabilis alignment with reference P.
mirabilis HI4320 strain in GenBank database NCBI by nucleotide blast as
shown in (figure 18) revealed mutations at (codon 83) (Table 2)
possessed serine to isoleucine (figure 17) substitution (G 248 T) this was

observed in one strain (figure 19).
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Figure (17) Gyr4 amino acid changed codon 83 serine to isoleucine (AGT- ATT).

Analyses was done by BioEdit alignment editor v7.2.5
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Proteus mirabilis strain HI4320, complete genome
Sequence ID: AM942759 1 Length: 4063606 MNumber of Matches: 1

Range 1: 1853361 to 1854224 GenBank Graphics

Score Expect Identities Gaps Strand

1591 bits(B61) 0.0 863/864(99%) 0/864(0%) Plus/Minus

CDS: Putative 1 1 S Y LDY AMS VIV GRALZPDUVERTD

Query 1 TCATATTTGGATTATGCGATGTCCGTTATTATAGGACGCGCATTACCCGATATTCGAGAD &8
sbijct .. L e L L L 1854165
(D5:DMA pyrase subun 28 S Y LDY AMSVYVY IV GHRALUPDUVHRD

CDS: Putative 1 21 G L K P VHRRVLFAMMNUVILGHNTIDW

Query &l GEACTEAAGCCAGTACACCGCCGAGTGCTATTTGCGATGAATGTACTEGEALACGATTGE 128
s5bijct R e o M w15 e T o R B oo 5 M4 B e 2 B O 1854185
CD5:DMA gpyrase subun 48 G L KPV HRRVYLFAMMNUVVILGNHNTDW

(DS: Putative 1 41 N K P ¥ K K5 ARV VY G6D VI G KUY HP

Query 121 AATAAACCTTATAAAARATCAGCCCATATTAT TAEGEATETAATCGATAAATATCACCCG 182
sbjct R .~ e e s S 1854245
CD%:DMA pyrase subun 68 M K P Y K K5 ARV VY G@D VI GUEKT?YHP

CD5: Putative 1 6l H&aaDTIAVWY ETIVHREILAQHPTFSMR

Query 181 ChCGGTGACATTGCTETCTATG&AﬁCG&TTGTTCGTTTﬁGCAC#ECCTTTTTCT&TGCGC 242
Sbjct I . e e e iy i e bl I g 1853985
CD%:DMA pyrase subun 38 M6 D S A VY ETTIVHRLAQ®PTFSMER

CD5: Putative 1 21 ¥ M L vVD GO GNFGS5 VD GGDSAAA

Query 241 TACATQTTGGET TEACGGTCAGGGTAACTTCGEGTCAGT TEATEATEACTCCGCGRCOGET 388
5bjct R« o e o el e B e e o A 18535925
CD5:DMA gyrase subun 180 ¥ M L VD GOQaGMNFGS5VDOGaGDSAAA

CD5: Putative 1 121 M R Y TEVYRMAUWNK I AHETLILATDILE

Query 3e1 ATECGTTATACCGAAGTTCATATAGCGAAGATCOCCCATRAACTACTRACGEATTTGGAS 360
sbjct I . e i g L S S i i 1853865
CD5:DMA pyrase subunm 120 M RY TEWY¥RMAIEKTIAWADMHTETLTLATLDTLE

CD5: Putative 1 121 K ET Vv D F VY PNTYD GTEWMNTIPAVHM

Query 361 AAAGAGACEATCGACTTTGTTCCTAACTATGATORAACAGAALATATACCGRCTGTTATG 428
Sbijct LRI G e T e e e T R S L 18538a5
CD%:DMA pyrase subun 148 K ET VYD F VY PMNYDGTEMNTIPALVMHM

CDS: Putative 1 141 P T R I P N L LVHNGSS5 G I AV G MA

Query 4721 CCAACCCATATTCCAAACTTETTAGTTAATGGCTCTTCAGATATTGCCGT TGRGATGACA 488
sbict RN e e A R L S B e R e el T R e e D 1853745
CD5:DMA pyrase subun 168 P TR IPMNILILVMNGSS5GIAWVGMA

(D5: Putative 1 161 P P H DG C LAY V D

Query 431 ACGA&T&TCCCTCCGCﬁTAACCTCGGTGﬂAGTT&TCG&CGGTTGTCTTGCCT&TGTTG&T s42
sbjct R B L i o Tk e e o i B B e 1853685
CD5:DMA pyrase subunm 138 T HNIPPHNTULOGTEUWTIUDOGT CLATYWVYD

CDS: Putative 1 121 H ED I TIETEILMETYITGPDFPT

Query 541 AATGAAGACATCACCATAGAAGAATTAATOGRATATATTACCGOGCCTGATTTTCCOACT  Sa2
sbjct D e e o e R R Ui 1853625
CD%:DMA pyrase subunm 280 M ED I TTIETELMETYITOSEPDFPT

CD5: Putative 1 281 A ATI I NGRRGTIULUDA AYRTGGHU RG K

Query 681 GCTGCEATTATTAATGETCGCAGAGGAATATTAGATGCTTATCGTACAGEOCOTGRAANG 668
Sbjct A .. L L L L s i L 1853585
CD5:DMA gyrase subun 220 A A I I NGRROGTIULUDA AWYRTOGHZ RGGEK

CD5: Putative 1 221 I1 ¥ T R A Q A DTIETTUDTEIKTGRETI

Query 661 ATTTATATCCGTGCTCAGECTEGATATTGAAACTOATGAGARANCGEATCOCGARALCCATT 728
sbjct TR . e e i b T S B i B et S s 1853585
CD5:DMA gyrase subun 248 I ¥ I R A Q ADTIETTUDTEUKTOGRTETTI

CD5: Putative 1 241 I vV T ETIUPY 9V HNIEKATRILTITEUIKTIATE

Query 721 ATCETEACAGAMATTCCTTATCAGGTGAATARAGCCCOGTTTAATTGAAAAMATTGLGGAG  7EB
sbjct 35 ol o LT RO UG DO s T S CRRE ST | IS C SNSRI L T 1853445
CD5:DMA pyrase subun 2608 I v TEIWPYQV NIEKMARILTITEIKTIHAETE

CDS: Putative 1 261 L vV K D K RIEGI S5 G L RDEOSTDIEKD

Query 781 CTTETAAAAGATAAACGTATTGAAGGTATCAGCGEATTACGTGACGAGTC TGATALAGAD 248
sbijct b L R e L e Bt e s £ 1853385
CD%:DMA pyrase subun 2808 L vVKDKRTIEH®GTIHSUGLHRTDESTDIEKTD

(DS: Putative 1 281 G M R I v v E I

Query 241 GOTATGCGTATTGTTAGTTGAGATC  Bad

5bjct o - R R e e e G 1853361

CDS:DMA gyrase subum 3808 G MR I V¥ E I

Figure (18) Alignment of P. mirabilis Gyrd with reference P. mirabilis HI4320
strain
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GCACGGTGACA[lTGC TGTCTATG :GCACGGTGACABITGCTGTCTATG

200

2110

220

T L

Sample 3A

210

Wild type of GyrA

220

Figure (19) Chromatograms of Sanger DNA sequencing sample 3A of Gyrd

changed from G to T which change serine to isoleucine and wild type of Gyr4 gene

Table (2) Accession numbers, ciprofloxacin susceptibility and QRDR

mutations of Proteus mirabilis isolates.

Sample | accession | Ciprofloxacin | Target Amino acid change
numbers | susceptibility | gene

Amino acid | Nucleotide

1A | MH310924 | Resistance | Gyr4 - -

3A° | MH310925| Resistance | Gyr4 Ser 83 [le | AGT-ATT

8A | MH310926 Sensitive GyrA - -

1B | MH310921 | Resistance | GyrB | Lus 474 Lus | TTA -TTG
Val 585 Val | GTT -GTC

3B | MH310922 | Resistance | GyrB | Lus474 Lus | TTA -TTG
Val 585 Val | GTT -GTC

8B | MH310923 Sensitive GyrB | Lus 474 Lus | TTA -TTG
His 612 His | CAC-CAT
Asn 639 Asn | AAT AAC

1C | MH310927| Resistance | ParC | Ser841Ile | AGT-ATT

3C | MH310928 | Resistance | ParC | Ser841Ile | AGT-ATT
Pro 116 Pro | CCA CCT

8C | MH310929 Sensitive ParC | His 81 His | CAC CAT

IE | MH310930| Resistance | ParE - -

3E | MH310931 | Resistance | ParE | lle 469 1le | ATC -ATT
Asp 531 Asp | GAC-GAT

8E | MH310932 Sensitive ParE | lle 469 1le | ATC -ATT
Asp 531 Asp | GAC-GAT
Glu 533 Glu | GGT-GGA
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Sequencing of GyrB QRDR of P. mirabilis alignment with reference
P. mirabilis HI4320 strain in GenBank database NCBI by nucleotide
blast as shown in (figure 21) revealed Silent mutations at following
codons 474, 585, 612 and 639 (Table 2). Codon 474 leucine in all strains,
including sensitive strain (8B) substitution (A 1422 G) figure (20), codon
585 wvaline in resistance strains (1B and 3B) substitution (T1 755 C)
(figure 22), codon 612 histidine in sensitive strain (8B) substitution
(C1836T) (figure 23) and codon 639 asparagine in sensitive strain (8B)
substitution (T1917C) (figure 24).

CACGGCATTB|GGTTGTGGTATT CACGGCATT[BIGGTTGTGGTATT
) 100 110 100 110
Sample 1B Sample 3B
CACGG C;.__GG__G_G GTATT

100 110
Sample 8B

Figure (20) Chromatograms of Sanger DNA sequencing samples (1B,3B and §B)
of GyrB leucine 474 changed from A to G and wild type of GyrB gene not shown
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Proteus mirabilis strain HI4320, complete genome
Sequence ID: AM942759 1 Length: 4063606 Number of Matches: 1

Range 1: 3450808 to 3451524 GenBank Graphics

Score Expect Identities Gaps Strand

1308 bits(708) 0.0 714/717(99%) 0/717(0%) Plus/Flus

(D5: Putative 1 1 R BB S M E S 00 B T L G

Query 1 GAAAAAGCOCGTTTTEATAAGATEC TRECATCTCAMGAAGTEECAACGCTTATCACGRCA 60
sbjct R R E . e R R e e T e 3450867
CD5:DMA gyrase subun 454 EK & RYF B ML &S OB AT LT TR

(D5: Putative 1 21 IR T o Y e A T 1 S T O TR o L T, O I |

Query 61 TTGGATTGTGATATTGGCCATGATGAATATAACCCAGATARACTGCGTTATCACAGCATT 128
sbjct = hL L i i R R e e e e R e e R e L 3458927
CD5:DMA gyrase subun 474 L@ e e R D E W NP0 KB RS H S X

(D5: Putative 1 41 1 R e O T | (O b R L N O A D I O I O T

Query 121 ATTATCATGACGGATGCGGACGTCGATGATTCTCACATTCGTACATTATTACTGACGTTC  1B@
Sbjct B R e e e i R R i 3458987
CD5:0MA gyrase subun 494 L F M T RA DN D GES KL R GE L LT F

(D5: Putative 1 61 F X R0 W P-E B I 6 R G H E F I & QP P

Query 181 TTCTATCGCCAAATGCCAGAAATTATCGAACGTGETCATATCTTTATTGCTCAGCCACCT 240
shjct A . e e e R L T s e i 3451047
CD5:0MA gyrase subun 514 F= ¥ B9 Mp EE L GE R RHEET A QPP

(D5: Putative 1 81 L W oAE W 0K oK D GE QN T D BeED B M D

Query 241 CTCTATAAAGTGAAAAANGEOARACALCAGCAATACATTAAAGATOATGATGCGATOGAT 302
sbjct S P e s ol N by it Py b ) e 3451187
CD5:0MA gyrase subun 534 ¥ W K 6 'K §EEQ ¥ I HW:BDDAMD

(D5: Putative 1 101 E ¥ L M 5T AL D G A ALY Y S EHAP

Query 381 GAATATCTGATGTCTATTGCGCTTGATGATGCAGCGCTTTACGTCAGTGAACATGCCCCT 368
sbjct T [ R S AR i e B L I e i 3451167
CD5:DMA gyrase subun 554 E- ¥ LM S R D G A ok LN STHETH A P

(D5: Putative 1 121 A M Hib A L E K LM AD Y H AA H K I

Query 361 GCTATGCATGATGCACAATTAGAAAAACTGETTGTCGACTACCATGCTGCGCATARAATT 428
sbjct E e T T D e SR G ) PR RO | A e S R T 3451227
CD5:0MA gyrase subun 574 A M H G AQLEIEKILWYNMIDYHAAHIKTI

(D5: Putative 1 141 TooR R M B RN B LS ML N S N i S

Query 421 ATTCOTCATATGEAGCGTCTCTATCCACTGAGTATGTTAAATAGCTTGGTCTATCACTCA 480
Sbjct . L e e 3451287
CD5:0MA gyrase subun 594 RN GE R RN TEESME NEST LN  ES

(D5: Putative 1 161 [ O A I el T LN I O I R R R N SO A

Query 481 ACGCTOACAGAAGATEATCTCTCTGATAAAGCOAAAGTGRAAGAGTREATRAGTEGCTTG 548
sbjct R | R e e e s 3451347
CD5:0MA gyrase subun 614 T'L"TE"D DL S DK A" K"V E'E"W M S5 G L

(D5: Putative 1 181 L g O G T TP R R P R S e R

Query 541 GTGAACCATTTAAATAATGLGEAMGAGCARAGCAGTACTTACAGCTATACCATCACACAA 608
Sbjct = e [ R e e R T S T B e Lol S e e 3451487
CD5:DMA gyrase subun 634 VoM R E RN ACE E R S 5T S TR T T 9

(D5: Putative 1 201 N v L

Query 601 AL CGAAGAMAATCATTTATTTGAGCCAGTATTACGCATTCATACTTACGGTATCGATACA B
Sbjct . o e e R e R e 3451467
CD5:0MA gyrase subun 654 [ R =R T [ ] - o L (s o I (R S i e | |

(D5: Putative 1 221 ¥ X L oW DEE TR 5 S5 EBE¥Y Q@ R I.T N

Query 661 GACTATAAATTGGATTACGATTTTATTCATAGTAGTGAATATCAACGTATTACTAAT 717

Sbjct Al R e BT L 3451524
CD5:0MA gyrase subun 674 ¥ K L D% DFI KR S5 E ¥@ R-I:T:N

Figure (21) Alignment of P. mirabilis GyrB with reference P. mirabilis HI4320

strain
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AAACTGGTTGTEIGAC TACCATGC AAACTGGTTGT[EJGACTACCATGC®
430 440 430 240

Sample 1B Sample 3B

VAAACTGGTTGTGAC TACCATGC'
430 440

Wild type of GyrB

Figure (22) Chromatograms of Sanger DNA sequencing samples (1B and3B) of
GyrB valine 585 changed from T to C and wild type of GyrB gene

TGGTCTATCA[E[TCAACGCTGACA TGGTCTATCA[BTCAACGCTGACS

A

Sample 8B - Wild type of GyrB
Figure (23) Chromatograms of Sanger DNA sequencing sample 8B of GyrB

histidine 612 changed from C to T and wild type of GyrB gene

sTTTAAATAAEIBGCGGAAGAGLAAITT TAAATAAMlGCGGAAGAGCAAL
5o 00 550 800

el

Sample 8B - Wild type of GyrB
Figure (24) Chromatograms of Sanger DNA sequencing sample (8B) of GyrB

asparagine 639 changed from G to Tand wild type of GyrB gene
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Sequencing of ParC QRDR of P. mirabilis alignment with reference
P. mirabilis HI4320 strain in GenBank database NCBI by nucleotide
blast as shown in (figure 28) revealed mutations at codon 84 and silent
mutation at codon 81 and 116 (Table 2). Serine 84 to isoleucine at
resistance strains (1C and 3C) substitution (G 251 T) (figure 25 and 29),
histidine 81 in sensitive strain (8C) substitution (C 243 T) (figure 26) and
codon 116 proline in resistance strain (3C) substitution(A 348 T) (figure
27).

5 TT|TTTTITTTT|TTTT|TTTT|TTTT|TTTT|TTTT|TTTT|TTTT
j TD 80 90 100 llD
"""" SECYEAMVIMACPESYRYPLIDGCGNWGAED

lLF[OrganJ.srr
3CF[Organism|- - - -
BCF[Organism|-- - -

Figure (25) ParC amino acid changed codon 84 serine to isoleucine (AGT- ATT).
Analyses was done by BioEdit alignment editor v7.2.5

cn cccc,-lae Gn AGC GCCT 'A‘C-‘-_CCCCHIGG_G ATATCGCCT
a0 50
Sample 8C While type of ParC

Figure (26) Chromatograms of Sanger DNA sequencing sample (8C) of ParC
histidine 81 changed from C to T and wild type of ParC gene

-.---"-"""-_“.--..-----------_--_--_.-.------- __-____---.:._CC._‘H:'___C___C GCJ_I
G A G1Eu cclhaa c CGCA h puid
Sample 3C While type of ParC

Figure (27) Chromatograms of Sanger DNA sequencing sample (3C) of ParC
proline 116 changed from A to T and wild type of ParC gene
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Proteus mirabilis strain HI4320, complete genome
Sequence ID: AM942759.1 Length: 4063606 MNumber of Matches: 1

Range 1: 23561722 to 2562630 GenBank Graphics

Score Expect Identities Gaps Strand

1668 bits{903) 0.0 007/9029(99%) 0/909(0%) Plus/Minus

(D5: Putative 1 1 S ARTVY GDVWVL G K Y HPHOGDTIATCL
Query 1 TCAGCACGAACAGTGEEEEATGTAT TAGGTARATATCATCCCCACGATGATATCGCCTGT
Sbjct SIMEN IR - s, ot i o B S, e e , EU—
(D5:DMA topoisomeras 67 S ARTVYGDVWVLGKY HPHOGDSATC
(D5: Putative 1 21 ¥y EA MV LHAADPTFSYRY PL I DG
Query 61 TATGAAGCCATGOTATTEATGGCGCAACCCTTCTCTTATCGT TATCCATTAATTRATGOG
sbjct . i L e s I L i e A Ll R
CD5:DNA topoisomeras 87 Y B CACM AN LM CADYEREESCY RO O LY DG
(D5: Putative 1 41 Q0 @G N WG APDDUPIEKSTFAAMETYTE
Query 121 CAAGGTAACTOEOGGECTCCGEATEATCCTARATCTTTCGCAGC TATGLGT TATACCGAG
Sbjct T L R e T e
(D5:DNA topoisomeras 187 Q G N WG A PDDPIEKESTFAAMETYTE
(D5: Putative 1 61 S RL S KY S5 0QTIULLSETL®GH®GTWVD
Query 181 TCTCGCTTATC TAAATATTCACAGAT CCTACTAAGLGAAT TEGOACATGE TACTATTGAT
Sbjct ot o L L R R B e S L L S i TR e T R AL
(D5:DMA topoisomeras 127 S ROLEGS K Y5 BCF G L ScE E a8 0 % YD
(D5: Putative 1 81 W I PMNTFUDOGTILGEW®PEKMLTPATRILTPE
Query 241 TEOATCCCCAATTTTEATGECACCCTGCANGAGCCAAAAATETTGLC TG TCATTTACCT
sbjct DERCTRIE e e e B e e B R L S B B R o
(D5:DMA topoisomeras 147 W I PN F X G T kE @ E P ML P A RIL P
(D5: Putative 1 181 NI ik Nae T8 & T & M & M A& T :bF PP
Query 381 AATATTTTATTAAATGGEACAACGGEGATTECTATCGOTATEGCAACGEATATTCCGICA
Sbjct A L e T e P
(D5:DMA topoisomeras 167 N T L6 NG T § & A % N T PP
(D5: Putative 1 121 H N A RETIOGOQAILTMILILUDMNPIDAMSG
Query 361 CATAATOCGCOGOAANTCEaCCAAGCATTAACCATOCTATTAGATAATCC TEATACTGOG
Sbjct : R e e s - Mo e Bt Rl DL e B o e M S &
CD5:DMA topoisomeras 187 HNARETIOG®QALTMLTLTIDIDNZPTIDAG G
(D5: Putative 1 141 b & BN MG ¥ N R CR-PF B Y P T-E A E N I
Query 4721 TTATCTGATGTTATGCAATATGTACAAGEACCTOATTATCCAACAGAAGLGRAAGTGATLC
sbjct Pl P | R o g R e e e e e s L R el G
CD5:DMA topoisomeras 287 L s DV HMQYVOQPaeaPDY PTEAWDWEVTI
(D5: Putative 1 161 T8 PE B -1 K K F X K TG B G 5 :L K M R
Query 481 ACCECTCCTRAGRATATCAARALGATTTATARALCAGOACGTGETTCTAT TAGAATGCGT
sbjct PSOFNGE S S Skt e Sidsh moes e e 4E Bl e R 04 e mfiel ek e s e b4 S 1S i e i s Y leek me ekt
CD5:DMA topoisomeras 227 T AP EDTIKIKTIVYEKTOGGH®R®GES5TIUE RMER
(D5: Putative 1 181 AV HQ KEE®GOCAVY ITALUPH~GQVUVS
Query 541 GCTETTTGaCAARAAGAAGAGGETTETGCGATGATAACAGCTCTCCCTCATCAAGTCTCT
sbjct N | e e e e e ey e T e s s At s BTN ol L
CD5:DMA topoisomeras 247 AV W QO KETE®GOCAUYTITALUPHGVYS
(D5: Putative 1 281 G A K ¥ L EOQIAALMTEGAIEKIKILZPILV
Query 581 GETECTAAGATACT TEAACARATTGCTGCATTAATGCGAGCGALAAMATTGCCTTTAGTT
Sbjct o L R e e T e e
CD5:DMA topoisomeras 267 G A K ¥ L EQTIAALMERAIKIEKTILPEPLYV
(D5: Putative 1 221 0 DLRDESDHTEMN®PTH®RILUVIWPR
Query G661 GATGATTTACATRATGAGTCAGATCATGAAAATCCTACTCGATTGGTGAT TRTTCCTCGT
Sbjct Pl ) L A R S B R e e b T S e e e R
CD%:DMA topoisomeras 287 b DLRDEGSDH HTEWMND®PTH RLUYIUWVPHR
(D5: Putative 1 241 S NR Y DL E®QV MY Y LFVNTTUDILE
Query 721 AGTAATCGCATCRAT TTAGAACAAGTCATATATTACTTATTTATAAATACAGACTTAGAS
Sbjct e I e T LA e L e
CD5:DMA topoisomeras 387 S NRVYDILEG®GQVY MY ¥YLFWVNTTUDILE
(D5: Putative 1 261 K 5 Y R Y HNLMNMTIOGLTUDMNIRIPAWIEKSAG
Query 781 AAAAGTTATCOCOTTAACCTCAATATGATTAEAT TAGATAACGTCC TG TATEAARGOG
Sbjct I | e R e S
CD%:DMA topoisomeras 327 K 5 YR VY NLMNMWTIOGLTUDMNIRTPAWIEKSG
(D5: Putative 1 281 L LTI LMNEU WLUWVY®HRIEROGTUVTWHNTRIL
Query 341 CTATTAACCATTTTAMATGAGTGGT TAGTTTATCAGCCOTCAAACCGTAAC CAATCGTTTA
Sbjct ORI e L S e e e e S e e R L e e R e e s
(D5:DMA topoisomeras 347 L LTI LMNUEWMWMLUWVYRIREROGTUYTHR
(D5: Putative 1 381 M H R

Query 981 AACCATCGC 989

Sbjct 2561738 ......... 2561722

CD5:DNA topoisomeras 7

@
2562571

128
2562511

182
2562451

248
2562301

Jae
2562331

368
2562271
418
2562211

458
2562151

54a
2562891

&aa
2562831

&6a
2561971

728
2561911
788

2561851

348
2561791

Figure (28) Alignment of P. mirabilis ParC with reference P. mirabilis HI4320

strain
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CC CGG Gn-\.CGCC G__-E\_Gn-\

cca CGG TG A n.cecc-e TTATGAA
100 T
Sample 3C Sample8C
CCATGGT GATA[BE GCC TG T TAT GAA
20 90
While type of ParC

Figure (29) Chromatograms of Sanger DNA sequencing a. sample (3C and 8C) of
ParC serine 84 changed from G to T isoleucine and wild type of ParC gene

Sequencing of ParE QRDR of P. mirabilis alignment with reference
P. mirabilis HI4320 strain in GenBank database NCBI by nucleotide
blast as shown in (figure 31) revealed mutations silent at following
codons (469, 531 and 533) (Table 2). Codon (469) isoleucine in
resistance stain (3E) and sensitive strain (8E) substitution (C 1407 T)
(figure 32), codon (531) aspartic acid in resistance stain (3E) and
sensitive strain (8E) substitution (C1593T) (figure 33) and codon (533)
glycine in sensitive strain (8E) substitution (1 599 A) (figure 30).

TEOAT T TAG Sl AASARCTSASATE AT FHAG AR ENRATELS
800 800
Sample 8E Wild type of ParE

Figure (30) Chromatograms of Sanger DNA sequencing sample (8E) of ParE
glycine 533 changed from G to T and wild type of ParE gene
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Proteus mirabilis strain HI4320, complete genome
Sequence ID: AM342759 1 Length: 4063606 Number of Matches: 1

Range 1: 2563027 to 2563929 GenBank Graphics

Score Expect Identities Gaps Strand

1646 bits(891) 0.0 894,/903(99%) 0,/903({0%) Plus/Minus

(D5: Putative 1 1 G G THVMNSOGLUROGQGVYLDAMERTEFC

Query 1 GETEETACACACGT TAATGET TTGCACCAAGGTGTATTAGATGCCATGCGCGAGTTTTAT
Sbjct P R i MMM e N e, B w0 Ll o S o o o
CD%:DMA topoisomeras 277 G @ THVYMNOGLHRIOGQOGVYLDAMTERTEFTC

CD5: Putative 1 21 E FHNLILPHROGTIUEKTILTAUDT DTMWER

Query 61 GAATTCCATAATTTATTGCCAAGAGGATTARATTAACCGCAGATEATACATGEGAGLCAT
Sbjct o 30 MR P e N S S e e P e L b e
CD%:0MA topoisomeras 297 E FHNLILUPROGTIIEKTULTAUDT IDTMWER

(D5: Putative 1 41 CAY ¥YLSVEKMWMOQTDZPOQFAGGQTHKE

Query 121 TETGCTTATGTGTTATCAGTAALAATGCAAGATCCTCAATTTGCAGGACARACCAANGAG
sbjct I o e o st e S P L e b L oS
CD%:DMA topoisomeras 317 CAY ¥YVLSVEKEMOQDZPOQFAOGQTHKE

(DS: Putative 1 61 5 S B QT 5 A v A S A VY K N A

Query 181 CGTCTATCGTCACGTC&AACCAGTGCCTTTGTTGCTAGTGCAETAAAﬁAATGCATTTAGT
Sbjct ’ e e o T o O L. R TR tpl s LIS = i e Pt
CDS:DNA topoisomeras 337 R'L S 5 R Q@ T 5 A F'VY A S5 A Y KE N A E 5

(DS: Putative 1 g1 L W L HNQMNUVYQVYaETILILAEMATIS S

Query 241 TTATGGT TAAACCAANACGTTCAAGTCOGTGAATTACTCGCAGAAAT AL TATTAGCAGT
sbijct o R o P S R ot e e
(D%:DMA topoisomeras 357 L W L NMNQMNUVQVY G@ELILAEMATISS

(D5: Putative 1 121 A QR RMUBEBAALKUEKWVVYRIHKIEKTLTSGTP

Query 391 GCECAACEACGTATGCGTGOGAC TAAAAAAGTGOTGAGEaE2558a8C TRACT TCRGEGLCT
sbjct ENEERIN. i i s L T L i e e I S L e i g
(D5:DMA topoisomeras 377 A QRRMUBEAAIKEKVVRERLHKIEKTLTSGGHFP

(D5: Putative 1 121 A LPG K LADCTS5 DL RYTELF

Query 361 GCATTECCOAETAAAT TAGCAGATTGTACTTCGCAMGATTTACGTTATACCGAACTCTTC
Sbjct o T A L e L e T
CD%:DMA topoisomeras 397 A LPGEKLOADCTSGDLRYTETLTF

CD5: Putative 1 141 L vVEGDOSA®GGSAIEKTDOQARTDTERTEY Q

Query 471 TTAGTTGA&GGGGACTCTGCGGGGGECTCTGCTAﬁACAAGCTCGCGATCGTGAATATCAA
Sbjct fe L ORI R RSP RGN o m N S e e
CD%:DMA topoisomeras 417 L v E G D S A G G 5 A K QARTIDUREY Q

(D5: Putative 1 161 i/

Query £81 GCEATTATGCCTCTACGTGETALAATTCTTAATACTTEGEGAAGTCTCTTCTGATGAAGTA
sbjct . L g sl
CDS DMA topoisomeras 437 A I MPLURGEKTITLM NTMWEWSSDEYV

(DS: Putative 1 181 L A5 Q EVHDTISVYAIOGMDZPDS5D

Query 41 TT&ECGTCﬁCAAGAAGTECATGAT&TTTCTGTGGCGATTGGGATGGATCCTGATAGTG&T
Sbjct ; B R, L e L e s el
CDS:DMA topoisomeras 457 L A S Q EVY HDPDIOSWVA I a M D P D5 D

(DS: Putative 1 221 D L R Y G K A DA D S

Query &A1 GﬁTTTAAECCAATTACGTTACEGA&AAATTTGT&TCCTTGCGEHTGCGGACTCCGATGGT
Sbjct RN o i i e i Y A B 3 T B e S
(D%:DMA topoisomeras 477 D L5 QLREY G KTICTILADA ADSTEDA®G

(D5: Putative 1 n L 5E

Query 661 TTACATATCGCCACTTTRCTTTGTGCTTTATTTGT TCGTCATTTCCCGGIAT TAGTAARG
sSbjct P | e e e o b i oy e
(D5:DMA topoisomeras 497 L HI ATULLUG CALTFVYRHTF EFZPALV K

(D5: Putative 1 241 g & HVv Yy MaMPPLYRTIUDILU®GEKTEYV

Query 721 CAAGGTCATATCTATATGGC TATGCCACCTCTTTATCGTATCGATTTAGGAAAAGANGTG
Sbjct AN e s e e e e s e e e T e
CD%:DMA topoisomeras 517 B G HY Y MaMPPLYRTIUDILGEKTEYV

(D5: Putative 1 261 5 ¥ A LDEATEUI KN ATITLTGQHRILSTE REKEK

Query 781 AGTTATGCCCTTEATGAAGCAGAAAAGAACECTATTTTECAACGOCTTAGCCGTARAALA
sbjct PRI, - o B - i i T A e o A S
CD%:DMA topoisomeras 537 5 Y A LDEAEUI KN ATILGGHR RTLSTERIEKEK

(D5: Putative 1 281 G K P NV QRBRF KGLGEMMNMEPILGQILR

Query 241 GETAAGCCAAATATGCAACGCTTTAAAGGCTTAGGTGAGATGAATCCACTGCAATTALCAT
sbjct PRREER. L L e L e e s M L e T
CD5:0MA topoisomeras 557 G K P NV 3 BRF KGLUGEMMNMPILGTLR

(DS: Putative 1 301 E

Query 2a1 GAG 983

Sbjct 25630879 2563927

CDS DMA topoisomeras 577

Figure (31) Alignment of P.

6@
2563870

1@
2563810

18@
2563758
248

2563690

Jae
2563630

368
2563570

47@
2563510
458

2563458

t4a
2563398

a8
2563338
668
2563278

728
2563210

788
2563150

348
25638590

mirabilis ParE with reference P. mirabilis HI4320 strain
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TGTGGCGAT[IIGGGATGGATCCITGTGGC GAT|TIGGGATGGATCC 1
600 610 800 610

Sample 3 ] Sample 8
TGTGGCGAT .GGGn GGATCC

600 610
Wild type of ParE

Figure (32) Chromatograms of Sanger DNA sequencing sample (3E and 8E) of

ParE isoleucine 469 changed from C to T and wild type of ParE gene

ATCGTATCGAE|TTAGGTAAAGA A_CG ATC GA|]T TAG GAAAAGA2
"80 790 800 790 300
Sample 3E Sample 8E

Wild type of ParE
Figure (33) Chromatograms of Sanger DNA sequencing sample (3Eand 8E) of ParE
aspartic acid 531changed from C to T and wild type of ParE gene
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CHAPTER FIVE
DISCUSSION

The incidence of resistance to fluoroquinolones among aerobic Gram
negative bacilli has increased during the last decade. Resistance to
fluoroquinolones was first known as a problem in Ps. aeruginosa and
other non-fermenting Gram-negative bacilli, but more recently has
become well known among other FEnterobacteriaceae. It has been
suggested that this shifting is particularly related to the abused and
excessive use of fluoroquinolones. For instant, reports of the emergence
of fluoroquinolone resistant strains of P. mirabilis have not been fully
recognized. Moreover, the genus Proteus are isolated from patients,
especially from those with UTIs (Martinez et al., 1993; Pérez et al.,
1993).

In this study the findings suggested high prevalence of UTIs among
females comparing to males (53.5%: 46.5%) These findings were in
agreement with previous study conducted in Sudan by Abd Elrahman et
al. (2018) who recorded that female (50.5%): male (49.5%) and Murtada
et al. (2014) female (55.5%): male (44.5%), in Iran by Arman et al.
(2016) who record female (60%): male (40%). But did agreed with
Otajevwo (2011) in Nigeria who noted that female (41.7 %): male
(58.3%).

The study also confirmed that P. mirabilis was isolated from 120 (3.1%)
patients with different ratio females (55):males (45) These findings were
agreed with a previous study conducted by Hamdan et al. (2015) in
Sudan who recorded that the prevalence of P. mirabilis among UTI
patients was (66.6: 33.4). Similarly, Akinloye et al. (2006) mentioned
that the infected males were (44.5) while the infected females were

(54.6). Contrary to this observation, Omer (2015) in Sudan who recorded
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that (males 55.6: females 44.4), Saleh and hatem (2013) in Saudi Arabia
who record males(75): females (25),0tajevwo (2011) in Nigeria noted
that the prevalence rate of the infection among males (66.6%): females
(33.4%) was respectively. This is mostly due to the anatomy shortness of
the female urethra distance that bacteria must travel to reach the bladder.
Bacteria from fecal matter at the anal opening can be easily transferred to
the opening of the urethra.

UTI commonly infected all ages, but the incidence increases with older
age factors contributing to the higher incidence of UTI with age include
urinary tract anomalies, changes in hormonal status, urinary incontinence,
decline in the immune system, malnutrition, functional disability, and
coexisting illnesses (Luiz et al., 2012). In this project UTI occurred
highest in the age group (11 — 49) years this observation is supported by a
variety of researchers globally; in Sudan Omer (2015) and Badri and
Mohamed (2017), in Nigeria Oluremi et al. (2011) and Onoh et al.
(2013).

UTI commonly is caused by a range of pathogens, but most commonly by
E. coli, K. pneumoniae, P. mirabilis, E. faecalis and S. saprophyticus
(Flores et al., 2015). Gram negative bacteria isolates were more prevalent
(89.1%) than gram positive bacteria isolates (10.9%). Similar rate of
isolation of gram negative and gram positive bacteria (85.9%:14.1%),
was reported in Egypt by Mohamed ef al. (2012) and (92.9 and 6.1%) in
United Stat of America by Mcloughlin and Joseph (2003). This could be
due to the presence of unique structure in gram negative bacteria which
facilitate their attachment to the uroepithelial cells, multiplication, and
tissue invasion.

The results obtained from this study suggested a frequency of (3.1%) of
P. mirabilis, which is almost neighboring to the results obtained by Amir

et al. (2017); (4%) and less than that announced by Abd Elrahman et al.
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(2018); (6%). In the contrary in Sudan, Murtada et al. (2014) suggested
low frequency of P. mirabilis among his target group (0.5%). Different
studies worldwide appeared with different findings; in Nigeria (9.5%) by
Onoh et al. (2013), in India (4.54%) by Sujatha and Nawan (2014), in
China (3.39 %) by Yang et al. (2017) and in Italy De Francesco et al.
(2007) also suggested the lowest frequency of P. mirabilis among all
gram negative that capable for causing UTIs.

On the other hand, this results confirmed the existence of E. coli as the
most dominant pathogens that caused UTIs among Sudanese patients
(56.1%). This finding was totally agreed with the majority of reports that
were received from Sudanese library (Omar, 2015, Murtada etal., 2014,
Othman, 2007 and Elder, 2004). Moreover, this high percentage has been
reported by many researchers globally; (47.5 %) in Egypt by Khalifa et
al. (1987), (50.1 %) in Saudi Arabia by Ahmed and Ahmed (1995), (55.6
%) in Jordan by Farah and Murshidi (1996), (84 %) in Turkey by Arslan
et al. (2005). The higher percentage of E.coli infection compared with the
other organisms could be explained on the basis of their normal habitat in
the intestinal tract that is why it is the most common organism founded.
In contrast, K. pneumoniae was isolated with a percentage following E.
coli (18.0%). This finding is totally agreed with Badri and Mohamed,
(2017) who announced for a percentage of (16.7) among Sudanese
populations. Similar reports were received from Egypt by Mohamed et al.
(2012), from Turkey by Yusel et al. (2006), from Pakistan by Gourshi
(2005), from Ethiopia by Beyene and Tsegaye (2011), from Jordan by
Almomani (2006). Rare studies from United Stat of America reported
low frequency of K. prneumoniae among infected subjects (3.7%)
(Mcloughlin and Joseph, 2003).

Ps. aeruginosa was isolated in (8.9%) of urine specimens, which was

similar to the results obtained by Mohamed et al. (2012) from Egypt
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(9.4). But low frequency of Ps. aeruginosa reported by Murtada et al.
(2014) in Sudan among his target group (1%).

The results obtained from this study showed (2.2%) of P. vulgaris, which
is almost nearby to the results obtained by Abd Elrahman et al (2018)
(2%); and Murtada et al. (2014) (2.5%); among Sudanese populations.
The result was different from Mcloughlin and Joseph (2003) in United
Stat of America, suggested low frequency of P. vulgaris among his target
group (1.2%).

Citrobacter spp. were isolated in (0.8 %) of urine specimens. This finding
was agreed with Murtada et al., (2014) who reported (16.7%) among
Sudanese populations. Similar reports were received from United Stat of
America by Mcloughlin & Joseph (2003) who found Citrobacter spp.
were (1.2%). In other hand high percentage recorded by Abd Elrahman et
al. (2018) in Sudan who found Citrobacter spp. were (2%).

The study showed that E. faecalis was (9.9%) of isolated bacteria, similar
reports were received from Sudan by Hamdan et al., (2015) who found
the Enteroccoci faecalis was (12.8%). But this result was high rate
compared with Sudanese researchers; (3.5%) by Murtada et al. (2014)
and (4%) by Badri and Mohamed (2017). Also higher than Mcloughlin &
Joseph (2003) from United Stat of America who found the E. faecalis
was (3.7%).

The lower percentage of isolated bacteria in this study was S. aureus
(0.4%). This finding was agreed with the common reports that were
received; from Nigeria Kolawole et al. (2009) and Mcloughlin& Joseph
(2003) from United Stat of America. Although it is variance with other
studies received from; Sudan (13%) by Amir ef al. (2017), from Egypt
(7.8 %) by Mohamed et al. (2012) and from Nigeria (20.6%) by Onoh et
al. (2013).
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Ciprofloxacin is a recommended drug for the treatment of UTIs but a
progressive increase in ciprofloxacin resistance has been seen in clinical
isolates of the bacterium, the results confirmed the highly resistant of
isolated bacteria to ciprofloxacin (71.7%) among Sudanese patients
(56.1%). This finding was agreed with Badri and Mohamed (2017) from
Sudan who found (79%) of bacteria were resistant to ciprofloxacin. In
addition, low percentage of resistance has been reported by many
researchers; (13.5%) in Sudan by Abd Elrahman et al. (2018) and
(35.3%) in Nigeria by Onoh et al. (2013).

The results obtained from this study showed (30%) of P. mirabilis
resistance to ciprofloxacin, this finding was agreed with Ana et al. (2000)
from Brazil(30%), Rajivgandhi et al. (2018) from India (28%) and Kyung
et al. (2011) from Korea (27%) of P. mirabilis resistance to ciprofloxacin.
Different studies appeared with different findings; in Sudan Amir ef al.
(2017) who found that no resistance to ciprofloxacin by P. mirabilis, in
Japan(16%) by Saito et al. (2007), in Poland (40%) by Joanna et al.
(2013) and in Taiwan by Wang et al., (2014) who found that (68.7) of P.
mirabilis reactance to ciprofloxacin. Generally, the possible reasons
behind the resistance to ciprofloxacin in Sudan may be this antibiotic
have been in use for a long period and must have been abused and as a
result the organisms must have developed mechanisms of changing their
mode of action.

Finally, the second part of the thesis (sequencing part). Mutations in the
genes for the subunits Gyr4 and ParC of the target enzymes DNA gyrase
and topoisomerase IV are important mechanisms of resistance in
quinolone-resistant bacteria. The target enzymes also consist of the
subunits GyrB and ParkE.

P. mirabilis always mutated in GyrB (Ser 464 to Tyr or Phe) by (Saito et

al., 2006). This amino acid is not present in P. mirabilis GyrB sequence
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of clinical isolates but revealed silent mutations in the following codons
(474) leucine, (585) valine, (612) histidine and (639) asparagine. Also
ParE gene always mutated in (Val 364 to Iso) in P. mirabilis by (Weigel
et al.,2002), E. coli (Leu 445 to His) and the viridans group of
streptococci (Pro 424 to Gln) seems to suggest that the region spanning
positions (424 to 460) in ParE confers quinolone resistance (Mclver et
al., 2004; Gonzalez 1998). Sequence analysis of ParE gene fragments
from the clinical isolates revealed silent mutations in the following
codons (469) isoleucine, (531) aspartic and (533) glycine. However, no
mutations in the corresponding region of parE were detected in either
quinolone resistant or sensitive P. mirabilis isolate. The ParE do not play
an important role in fluoroquinolone resistance among P. mirabilis as
suggested by (Weigel et al., 2002).

Ciprofloxacin resistant P. mirabilis possessed the mutations in Gyr4 (Ser
83 to Ile), This amino acid changes are the same as those reported for
fluoroquinolone resistant by (Saito et al., 2006, Weigel et al., 2002)
whom found that P. mirabilis mutations in Gyr4 (Ser 83 to Arg or Ile) ,
other studies appeared different mutations in Gyr4 with other bacteria;
(Ser 84 to Leu) of S. aureus by Franz et al (1998), (Ser 83 to Leu) of E.
coli by Varughese et al. ( 2018), (Ser 83 to Phe) of M. bovis by
Lysnyansky et al . (2009).

P. mirabilis sequencing of ParC showed mutated in (Ser 84 to Ile), this
result was agreement with many researches which proofed that Proteus
mirabilis always mutated in ParC (Ser 84 to Ile) for fluoroquinolone
resistant by Saito et al., (2006) and Weigel et al., (2002). Also E. tarda
was mutant in (Ser 84 to Ile) of ParC which associated with
fluoroquinolone resistance in by Kim et al. (2010).

It 1s accepted that changes in the structure of the antibiotic targets DNA

gyrase and DNA topoisomerase IV are one of the most significant
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mechanisms in conferring a resistance to fluoroquinolone in gram
negative bacilli (Lee et al., 2005). In E. coli, more than two mutations in
both GyrA and ParC genes are necessary to obtain resistance to
ciprofloxacin (Saito et al., 2006, Weigel et al., 2002, Fabregaet al., 2009
and Lee et al., 2005). Nevertheless, the situation in P. mirabilis is rather
different from that in E. coli, since we found in this study only one or
double mutation could lead to ciprofloxacin resistant.

In P. mirabilis, topoisomerase IV is a target of quinolones and mutations
at residues (Ser 80 and Glu 84) of ParC contribute to decreased
fluoroquinolone susceptibility (Weigel et al.,2002). Although ParC
mutations always along with mutations in Gyr4 are needed to acquire
resistance to quinolones (Weigel et al.,2002), one of clinical isolate in
this study had mutations in ParC without Gyrd, suggesting that ParC
might not only be a secondary target for quinolones but is really as
important as Gyr4 to cause a decreased susceptibility to fluoroquinolones
in P. mirabilis.

Additionally, In Acinetobacter baumannii the silent mutation in QRDR
regions is enough for fluoroquinolone resistance (Ardebili et al., 2015).
Nevertheless, the situation in P. mirabilis is rather different from that in
A. baumannii, since we found in this study sensitive strain have silent
mutation in GyrB, ParC and ParE.

Direct Hinfl digestion of PCR amplified have been used by many
researchers to screen GyrA and ParC genes mutations in different
bacteria; S. pneumoniae at positions serine (83) of GyrA4 and serine (79)
of ParC by (Stewart et al., 1999 and Rodrigo et al., 2004), A. baumannii
at positions serine (83) in Gyr4 and (80) of ParC by (Shang et al., 2009;
Ahmed and Sebastian 2004; Vakili et al., 2014) and N. gonorrhoeae at
positions Ser (91) of Gyr4 by (David et al., 1998) significantly associated

with ciprofloxacin resistance.
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Direct Hinf1 digestion of PCR amplified have been used to screen Gyr4
and ParC mutations in P. mirabilis. Mutation at codon (83) of the Gyr4
gene and (84) of ParC results in the loss of natural Hinfl site was
identified. The results indicated that all samples mutated at serine (83) of
GyrA and serine (84) of ParC. When dealing with sequencing, two out of
the three sequenced GyrA appeared as non-mutated at Ser (83) while one
sample of the other three sequenced ParC resulted as free from any
mutations at ser (84). These may have been attributed to the reason that
serine (83) of GyrA and serine (84) of ParC in Proteus mirabilis
consisted of (AGC) which is almost different from serine in other bacteria
(TCC). Thus the loss of natural Hinfl site (5'...GANTC...3") will be

resulted.
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CHAPTER SIX

Conclusion and Recommendations

6.1 Conclusion

The study concluded that:

6.1.1

6.1.4

6.1.5

6.1.6

6.1.7

Urinary tract infection is commonly caused by a range of
pathogens, but most commonly by E. coli (56.1%)
followed by K. pneumonia (18.0%), E. faecalis (9.9%),
Ps. aeruginosa (8.9%), P. mirabilis (3.1%), P. vulgaris
(2.2%), Citrobacter spp. (0.8%), S. epidermidis (0.6%)
and S. aureus (0.4%).

High frequency of UTI among females compared to males
(53.5%: 46.5%).

High frequency of wurinary tract infection (53.6%) was
detected in age group (11 — 49 years).

High resistant of all isolated bacteria to ciprofloxacin
among  Sudanese patients (71.7%), whilst  Proteus
mirabilis shown (30%) resistant to ciprofloxacin.

(33.3%) of ciprofloxacin resistant Proteus mirabilis
showed mutations in Gyr4 (Ser 83 to Ile).

(66.6%) of ciprofloxacin resistant Proteus  mirabilis
showed mutations in ParC (Ser 81 to Ile).

Ciprofloxacin resistant and sensitive Proteus mirabilis
revealed silent mutations in GyrB gene at codon 474

leucine, 585 valine, 612 histidine and 639 asparagine.
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6.1.8

6.1.9

Ciprofloxacin resistant and sensitive Proteus mirabilis
revealed silent mutations in ParE gene at codon 469
isoleucine, 531 aspartic and 533 glycine.

Only one or two mutations in both Gyrd and ParC genes
of Proteus mirabilis are necessary to obtain resistance to

ciprofloxacin.

6.1.10 Proteus mirabilis ParC gene is important as Gyr4d gene to

cause ciprofloxacin resistance.

6.1.11 In Proteus mirabilis the silent mutation in QRDR regions

is not enough for ciprofloxacin resistance.

6.2. Recommendations

6.2.1

6.2.2

6.2.3

6.2.4

Further studies are needed to identify ciprofloxacin
resistance genes DNA gyrase (Gyrd and GyrB) and
topoisomerase IV (ParC and ParE) and efflux bump in
outer membrane proteins of Proteus mirabilis.

All isolated bacteria should be screened by disk disc
diffusion test before treatment.

Establishment of antibiotic policies (ciprofloxacin) and
treatment guideline.

Promoting careful use of ciprofloxacin by health
professionals, increasing public awareness through public
education campaigns and checking over the counter sale of

antibiotic.
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Appendix I
questionnaire
PRIEN [P PU
Shendi University
College of Graduate Studies and Scientific Research

Detection and sequencing of Ciprofloxacin Resistance DNA GyrA and
GyrB, ParC and ParE genes among Proteus mirabilis Isolated from
Urine Specimens of Sudanese Patients

Questionnaire for Requirement of PhD Degree

Marital status : 1- married2- single 3- widow 4- divorced
Have you ever suffered from UTI ? 1- Yes 2-No 3-1Do't Know

Have you used ciprofloxacin recently? 1- Yes 2- No 3-1Do't Know

Lab Diagnosis
Isolated bacteria .........c.oiviiiiii e
Ciprofloxacin susceptibility test:

Sensitive .....coovevunnn.. Intermediate................. Resistant..................
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Appendix 11

Reagents and Stains

Gram Stain (Cheesebrough, 2007)

Most bacteria can be differentiated by their Gram reaction due to
differences in the cell wall structure into Gram positive which after being
stained dark purple with crystal violet are not decolorized by acetone or
ethanol and Gram negative which after being stained with crystal violet
lose their color when treated with acetone or ethanol and stain red with
Saffranin.

Requirements

Crystal violet Gram stain (HiMedia)

To make 1 liter:

Crystal VIolet.......ooouiiiii i e e e e 20g
Ammonium oxalate................oooiiiiit .9 g
Ethanol or methanol, absolute............ ccccoeeiiieeens ...95 g
Distilled water..........oooviiiiiiii to 1 liter

Lugol’s iodine (HiMedia)

To make 1 liter:

Potassium iodide............oooiiiiiiiiii e 20¢g
Jodine. ..o 10 g

Distilled water..........c.coooiiiiiiii To 10 liter
70% alcohol

Absolute alcohol............ooooiiii 70 ml
Distilled Water.........ooeiiiiii 30 ml

Saffranin (HiMedia)
Method of Preparation

* The dried smear was fixed by heat.
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 The fixed smear was covered with crystal violet for 30-60
minutes.

* The stain was washed off with clean water.

* All water was tipped and the smear covered with lugol’s iodine
for 30-60 minutes.

* The stain was washed off with clean water.

 70% alcohol was rapidly applied for 10-20 seconds for
decolourization and then washed rapidly with clean water.

* The smear then covered with Saffranin stain for 2 minutes.

 The stain was washed off with clean water, back of slide was
cleaned.

» After air-dry, smear was examined microscopically by using X
100 lens.

Results

Proteus mirabilis appear as Gram negative rods.

Preparation of Turbidity Standard

e 1% v/v solution of sulpharic acid was prepared by adding 1
ml of concentrated sulfuric acid to 99 ml of water. Mix well.

e 1.17% w/v solution of barium chloride was prepared by
dissolving of 2.35g of dehydrated barium chloride
(BaCl2.2H20) in 200 ml of distilled water.

e To make the turbidity standard 0.5 ml of barium -chloride
solution was added to 99.4 ml of the sulpharic acid solution.
Mix well.

e A small volume of the turbid solution was transferred to
screw-caped bottle of the same types as used for preparing

the test and control inoculate (Chemie, 2014).
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Oxidase test reagent

Dimethyl-p-phenylene diamine hydrochloride ................ 1.0g

Distilled water ..........ooooiiiiiii 100.0 ml

The reagent should be made fresh daily. It should not be stored longer
than one week in the refrigerator.

If the preparation becomes darkened, discard. Tetramethyl-p
phelylenediamine dihydrochloride (1%) is even more sensitive but it is
more expensive and difficult to obtain.

Culture media

Preparation of Media (Chemie, 2014)

Blood agar

Formula in grams per liter (PH 7.2)

Nutrient agar.........ccovvvviiiiiiiiinieennnnnnn. 1000 ml
Defibrinated blood..................ooool. 50 ml
Preparation:

Autoclave the nutrient agar at 12 10C for 15 minutes. Cool to 45-50°C
and add 50 ml of sterile blood aseptically. Rotate to mix thoroughly
avoiding accumulation of air bubbles and pour immediately into sterile
tubes or plates, i.e., before solidification.

CLED Agar (Cysteine Lactose Electrolyte Deficient)

Formula in grams per liter (PH 7.4)

| B2 Te] (0 L= ORI 10,00
Gelatin Peptone .........cccccvvieeciiieeciiieeeceee e 4,00
L-CYSteINe ...oooveveeeeieeciieeiieeiee e 0,128
Bacteriological Agar .........ccccocveeveiieeiiieeniieeiene 15,00
Casein Peptone .........cccceeeeviieeiciie e, 4,00
Beef EXTract........cuvvvviiiiiiiiiiiiiiiiceieeeeeeeee e 3,00
Bromothymol Blue ..........ccccoeooviiiiiiiieiiee . 0,02
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Preparation

Suspend 36 grams of the medium in one liter of distilled water. Soak 10-
15 minutes and mix well. Heat slowly while stirring frequently boils for a
minute. Sterilize in the autoclave at 121°C (15 1bs. of sp.) for 15 minutes.
Pour into Petri dishes. When the medium is solidified, invert the plates to
avoid excess moisture.

Nutrient agar
Formula in grams per liter

Peptone ......ovviiii 1.0g
Sodium chloride...........coviiiiii i 5¢
Beefextract .......oooviiiiii e 3g
. ) 20g
Distilled water ...........oooviiiiiii 1000 ml
PH o 6.8
Preparation:

Dissolve all components in distilled water except agar. Adjust the

pH. Add the agar. Sterilize in autoclave at 121°C for 20 min.

Kligler Iron Agar

Formula in grams per liter

Peptone mixture ........ccceeveveeeciveeniienieesiie e 20,00

Sodium Chloride........ccoovvvviiiiiiiiii, 5,00

Ferric Ammonium Citrate ........cccccvveeeeeeeiiiiinnnnne. 0,50
Phenol Red ........coooviiiiiiiiiiiiie 0,025

| 2 To] (0 TR 10,00

DEXtIroSe .ooooeiiiiiiiiiiii 1,00

Bacteriological Agar ........cccccevveeeeivieeeiieeeieeene, 15,00
Sodium Thiosulfate.........ccccceeveeeeeeeeeeeiiiiiieeeieieenes 0,50

Preparation

Suspend 52 grams of the medium in one liter of distilled water.
Mix well and heat with frequent agitation. Boil for one minute.

Dispense into tubes and sterilize at 121° C (15lbs. pressure) for 15
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minutes. Allow to cool in a slanted position so as to obtain butts
of 1°5-2 cm. Depth. For greater accuracy, Kligler Iron Agar
should be used on the day of preparation or melted and solidified
before use.

Tryptophan Culture Broth

Formula in grams per liter (PH 7.5)

Casein Peptone .........ccceeevciieeciiieeciie e, 10,00
L-Tryptophan ........cccocoveeeeciieeeiieecie e 1,00
Sodium chloride...........oooovvvvviiiiiiiieiiieeeeee 5,00
Preparation

Suspend 16,0 grams of medium in one liter of distilled water. Heat
to boiling agitating frequently. Distribute in test tubes, 3 ml each.
Close the tubes with cotton or with a plastic or metallic cap.
Sterilize at 121° C (15 Ibs. sp.) forl5 minutes.

Simmons Citrate Agar

Formula in grams per liter (PH 7)

Ammonium Dihydrogen Phosphate ...................... 1,00
Dipotassium Phosphate...........ccceeevvveeciieiciienennee. 1,00
Sodium Chloride......ccooeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 5,00
SodIum CItrate .........ooevvvvieiiiiiiiiiiiiieiiieeeeeeeeeeeeeeees 2,00
Magnesium Sulfate..........ccccoeevveeiiiieniiieeeieeee, 0,20
Bacteriological Agar..........ccceevieevieenieenieeenn 15,00
Bromothymol Blue...........cccoccoviiiiiiiiiiieee 0,08
Preparation

Suspend 24,3 grams of the medium in one liter of distilled water.
Mix well and heat with frequent agitation until completely
dissolved. Dispense in tubes and sterilize in the autoclave at

121°C (15 1bs sp.) for 15 minutes. Cool the tubes in a slanted
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position so that the base is short (1-1,5 cm. deep). Alternatively,
the media can be poured into petri plates.
Christensen’s Urea Agar

Formula in grams per liter (PH 6.9)

Gelatin Peptone.........ccceeeveieeciieeciieeciie e 1,00
DEXIIOSE ..ottt 1,00
Sodium Chloride........ccoovvvviiiiiiiiii, 5,00
Monopotassium Phosphate ...........cccvveeivieennneen. 2,00
UTCA e 20,00
Phenol Red........uuueeeieeian 0,012
Preparation

Dissolve 29 grams of the medium in 100 ml. of distilled water.
Sterilize by filtration. Separately dissolve 15 grams of agar in 900
ml. of distilled water by boiling. Sterilize in autoclave at 121°C
(15 Ibs.sp) for 15 minutes. Cool to 50°C and add to the 100 ml. of
the sterile Urea Agar Base. Mix well and dispense aseptically in
sterile tubes. Leave the medium to set in a slanted position so as to
obtain deep butts. At a pH of 6.8 to 7.0 the solidified medium
should have a light pinkish yellow color. Do not remelt the slanted
agar.

Mueller-Hinton Agar

Formula in grams per liter (PH 7.4)

Beef, infusion ... 300.0g
Cas amino acidS........ooevverieiiiiiiiieiieaiieannennn, 175¢g
Starch. .. ..o, 1.5¢
A AT 17.0g
Distilled water...........ccooiiiiiiiiiiiin, 1000ml
Preparation
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380 g of media was suspended in 100 ml distilled water.
Sterilized by autoclaving at 15Ib pressure (121°C) and poured in
sterile petri dishes.

Molecular reagents

10 X TBE buffer

Formula in grams per liter
Trisbase.....coovviiiiiiiii e, 108 gm
Boricacid.........c.oooiiiiii 55gm
EDTA...oo 40 ml of 0.5M
Deionized water..........c..cooiviiiiiiiiniinn.. 1 liter
Preparation

Amount of 108 gm. Tris base were weighed and added to 55gm of
boric acid and 40 ml of 0.5M EDTA then dissolved into 1 liter
deionized water pH 8.0.

1X TBE buffer

Formula in ml per liter

JOXTBE. ..o 10 ml
Deionized water..........coocvviiiiiiiiiiiiinen.. 90 ml
Preparation

Ten ml of 10 X TBE buffer was added to 90 ml deionized water
and heated until completely dissolved.
Ethidium bromide solution

Formula in grams per 1ml

Ethidium bromide................................. 10 mg
Deionized water...........ccovviiiiiiiiiiinnnn.nn. [ ml
Preparation

Twenty milligrams of ethidium bromide powder were dissolved

into 1000 ul deionized water, and kept into brown bottle.
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Agarose gel

Preparation

Amount of 2 gm of agarose powder dissolved by boiling in 100
ml 1X TBE buffer, then was cooled to 55°C in water bath, then,
1.5 wl of Ethidium bromides stock (10 mg/ml) per 100
ml gel solution for a final concentration of 0.5 ug/ml were added,
mixed well and poured on to the casting tray that has been taped
up appropriately and was equipped with suitable comb to form
well in place. Any bubbles were removed and the gel was allowed
to set at room temperature. After solidification, the comb was
gently removed and the spacer from the opened sides was

removed.

93



Appendix 111

Primers

Oligo GyrA_F

SEQ 5’- AGCGACATTGCCAGAGAAAT -3’ (20 mer)

GC% | MW Yield Scale Tm (¢)
Calculate | Measured | OD | nmol | (umoles)

45.00 6428.2 0.0 55 1250 0.025 57.88

vol.for 100pmol/ul Purification Modification

250.0 Desalt

Oligo GyrA_R

SEQ 5’- CACCGACTGCATCACGTTT -3’ (19 mer)

GC% | MW Yield Scale Tm (¢)
Calculate | Measured | OD | nmol | (umoles)

52.63 6047.0 0.0 53 |25.0 0.025 58.77

vol.for 100pmol/ul Purification Modification

250.0 Desalt

Oligo GyrB_F

SEQ 5’-GGCAAAACAAGGGCGTAA -3’ (18 mer)”

GC% | MW Yield Scale Tm (¢)
Calculate | Measured | OD | nmol | (umoles)

50.00 7138.6 0.0 6.6 | 23.0 0.025 56.21

vol.for 100pmol/ul Purification Modification

250.0 Desalt

Oligo GyrB_R

SEQ 5’-GCCCCTTCTTCAATCAGGTT -3’ (20mer)

GC% | MW Yield Scale Tm (¢)
Calculate | Measured | OD | nmol | (umoles)

50.00 6227.0 0.0 53 1230 0.025 57.78

vol.for 100pmol/ul Purification Modification

250.0 Desalt
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Oligo | ParC F

SEQ 5'-CAGCGTCGTATCGTCTATGC -3 '(20mer)

GC% | MW Yield Scale Tm (c)
Calculate | Measured | OD | nmol | (umoles)

55.00 | 6206.0 0.0 49 |21.0 |0.025 58.68

vol.for 100pmol/ul Purification Modification

250.0 Desalt

Oligo | ParC R

SEQ 5'-CGGCGTAATACTTTTTCTAAGC -3 (21mer)

GC% | MW Yield Scale Tm (¢)
Calculate | Measured | OD | nmol | (umoles)

40.91 6.206 0.0 45 |21.0 |0.025 55.92

vol.for 100pmol/ul Purification Modification

250.0 Desalt

Oligo | ParE F

SEQ 5'-GGAAGGAGGCGATTTACTCA -3 '(20mer)

GC% | MW Yield Scale Tm (c)
Calculate | Measured | OD | nmol | (umoles)

50.0 6115.2 0.0 51 |25.0 |0.025 57.02

vol.for 100pmol/ul Purification Modification

250.0 Desalt

Oligo | ParE R

SEQ 5-GGATCAAGCGTTGTCTCACG -3 (20mer)

GC% | MW Yield Scale Tm (c)
Calculate | Measure | OD | nmol | (umoles)

d

55.0 6151.0 0.0 5.7 1250 |0.025 59.28

vol.for 100pmol/ul | Purification Modification

250.0 Desalt
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Appendix IV

Figure (35) CLASSIC K960 ChinaThermocycle Device

96



. A \ .o

Figure (37) UV Light Transilluminater Device
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Appendix V

Maxime PCR PreMix Series

Research Use Only

Maxime PCR PreMix Kit ( i-Taq )
for 20pl n / 50pl rxn

Cat. No. 25025(for 20yl rxn, 96 tubes) Cat. No. 25026(for 20pl rxn, 480 tubes)
Cat. No. 25035(for 50 rxn, 96 tubes)

DESCRIPTION : . i

iNtRON's Maxime PCR PreMix Kit has not only various kinds of PreMix Kit
according to experience purpose, but also a 2X Master mix solution.

Maxime PCR PreMix Kit (i-Taq) is the product what is mixed every component:
[Taq™ DNA Polymerase, dNTP mixture, reaction buffer, and so on- in one
tube for 1 xn PCR. This is the product that can get the best result with the
most convenience system. The first reason is that it has every components for

PCR, so we can do PCR just add a template DNA, primer set, and D.W.. The ..

second. reason is that it has Gel loading buffer to do electrophoresis, so we
can do gel loading without any treatment. In addition, each batches are
checked by a thorough Q.C., so its reappearance is high. It is suitable for
various sample's experience by fast and simple using method.

STORAGE

Store at-20°C; under this condition, it is stable for at least a year.

CHARACTERISTICS

« High efficiency of the ampiification

* Ready to use: only template and primers are needed
+ Stable for over 1 year at -20C

» Time-saving and cost-effective

CONTENTS
+ Maxime PCR PreMix (i-Tag, for 20ul rxn)
+ Maxime PCR PreMix {i-Tag, for 50 rxn)

96 (480) tubes
96 tubes

Componentin 20 pl reaction 50 pl reaction

i-Tag™ DNA Polymerase(5U/ul) 25U 5U
~dNTPs 2.5mM each 2.5mi each
Reaction Buffer(10x) 1x 1x

Gel Loading buffer x 1x

Note : The PCR process is covered by patents issued and applicable in certain
countries. INtRON Biotechnology does not encourage or support the unauthorized or
Unlicensed use of the PCR process. Use of this product is recommended for persons
That either have a license to perform PCR or are not required to obtain a license.

ISO 9001/14001 Certified Company

PROTOCOL

1. Add template DNA and primers into Maxime PCR PreMix tubes (--Taq).
Note1 : Recommended volume of template and primer : 3yd~3pl
Appropriate amounts of DNA template samples

+ ¢DNA : 0.5-10% of first RT reaction volume
+ Plasmid DNA : 10pg-100ng
+ Genomic DNA : 0.1-1ug for single copy
Note 2 : Appropriate amounts of primers
+ Primer : 5-20pmol/ul each (sense and anti-sense)

2. Add distilled water into the tubes to a total volume of 20l or 50pl .
Da not calculate the dried components

Total 20p! or 50l reaction volume

PCR reaction mixture Adt - Add
Template DNA 1~ 2ul 2~4u)
Primer (F : 10pmol/ul) Tul 2 ~25ul
Primer (R : 10pmol/ul) 1l 2 ~25pl
Distilled Water 16 ~17ul 44 -4l
Total reaction volume 20 pl 50 pl

Note : This example serves as a guideliné for PCR amplification. Optimal
reaction conditions such as amount of template DNA and amount of primer,
may vary and must be individually determined.

3. Dissolve the blue pellet by pipetting.
Note : If the mixture lets stand at RT for 1-2min after adding water, the
pelletis easily dissolved.

4. (Option) Add mineral oil.
Note : This step is unnecessary when using a thermal cycler that employs
a top heating method(general methods). 1

5. Perform PCR of samples.

8. Load samples on agarose gel without adding a |

perform electrophoresis. ;

SUGGESTED CYCLING PARAMETERS

PCR product size
PCR cycle Temp.

100-500bp | 500-1000bp| 1Kb-5Kb

Initial denaturation 9Uc . 2min 2min 2min

Denaturation 94°C 20sec 20sec 20sec

g;’cfeos Amealing | 5065 | 10sec 10sec | 20sec
Extension 65-72°C 20-30sec | 40-50sec 1min/Kb

Final extension e Optional. Normally, 2-5min

EXPERIMENTAL INFORMATION :

« Comparison with different company kit

thmpanyA
3145 8

Maxime (ij'aq”")

JING.3 LD M N &8 a8 6 T

Fig.1. Comparison of Maxime PCR PreMix (i-Tag) and Company A's PreMix
system by amplifying 1 Kb DNA fragment .

After diluting the ADNA as indicates, the PCR reaction was performed with Maxime

PCR PreMix (i-Tag) and company’s A product.

Lane M, $iZer-1000 DNA Marker; lane 1, undiluted ADNA; lane 2, 200 ng ADNA; lane

3,40 ng ADNA; lane 4, 8 ng ADNA; lane 5, 1.6 ng ADNA; ; lane 6, 320 pg ADNA; lane

7,64 pg ADNA; lane NC, Negative control
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Waime 1Taq™)

- Company A
.48 8

oM 1 2.8 A 5 &

NC1 2

Fig.2. Comparison of Maxime PCR PreMix (i-Taq) and Company A's PreMix
system by amplifying 570 bp DNA fragment (GAPDH).

Total RNA was purified from SNU-1 using easy-BLUE™ Total RNA Extraction Kit
(Cat. No, 17061), And then, the first strand of cDNA was synthesized using Power
cDNA Synthesis Kit (Cat. No, 25011). After diluting the cDNA mixture as indicates, the
RT-PCR reaction was performed.

lane M, SiZer-100 DNA Marker; lane 1, undiluted cDNA; lane 2, 1/2 diluted cDNA;
lane 3, 1/4 diluted cDNA,; lane 4, 1/8 diluted cDNA; lane 5, 1/16 diluted cDNA; lane 6,
1/32 diluted cDNA; lane NC, Negative control

iNtRON BIOTECHNOLOGY
. www.intronbio.com / info@intronbio.com
T. (0505)550-5600 / F. (0505)550-5660




Appendix VI

For research purpose only. Not for use in diagnostic procedures for
clinical purposes. For IN VITRO USE ONLY.

SiZer™DNA Markers

1S0 9001/14001 Certified Company

DESCRIPTION 'PRODUCT USE LIMITATION
iNtRON supplies a wide range of products for accurate size and mass estimations i This product is developed, designed and sold exclusively for research purposes and in
(quantitation) of nucleic acid fragments.-Nucleic Acid Markers are available for sizing vitro use only. The product was not tested for use in diagnostics or for drug
linear, or supercoiled DNA and single-stranded RNA fragments. A variety of these : development, noris it suitable for administration to humans or animals.
markers are available in the ready-to-use SiZer™ formats.
SiZer™ DNA Markers are ideal for determining the size of double-stranded DNA from NOTICE BEFORE USE
6{}~1O.00gk:\;l)Abfase pairs. ;’he Si]Zferer‘_ DNti\ Markers consi‘st of 7 ;‘TSIine‘ar i<1lc:u|l|:»le- - Do not heat before loading
strand%d ifi (agmil:.s.f it 6 gre!present ?: xzcreage {nlta(’ns:y o :;w = For quantification, adjust the concentration of the sample to equalize, it
Zra;élyjim?;fl e, hagments e pieciEely quantiad. aho. mides didgd. the approximately with the amount of DNA in the nearest band of the ladder.
T I G S S N : B Ay N R bistafTbramide (BB or other DRA St
For 5 yil loading, all fragments except typical band DNA fragments are 40 ng. The Visuaiize DNA by staining RedSal tidium bromide (EtBr) of other DA stains,
typical band of DNA fragments is 100 ng. These ladders are pre-mixed with loading dye
and are ready to use. DETAIL INFORMATION
All DNA Markers can be stained with RedSafe™ Nucleic Acid Staining Solution,
ethidium bromide (EtBr) or other DNA stains. Size  Conc. Typical Other Loading Band Contants
range (bp) (ng/ill) bands bands Vol number
CHARACTERISTICS - -
Sizer™ 60,80,400, 120,140,
- Ideal for determining the size of DNA 20 80-300 128 100ngi5M  40ngBul i 1 160, 180,200,220,
+ Stable for more than 12 months at - 20 C 5021”5“’75;7:&3‘;;
+ Ready to use without any handlings. sﬁ;ﬂ: 50500 128 100ngspl 40ngSul Sl B 300400500 600,
. - 700,800,900, 1000
KIT CONTENTS . 100,200,300, 400,
Sizer™ - Wl AOnglspl 5l 1 "800, 700.800,
100 100-1500 100 100ng/5pl g9/oul 500, 600, 700,800,
Product Contents Cat. No. ° 900, 10001500
e 250, 500, 750, 1000,1500,
SiZer™-20 DNA Marker 03ml 24071 _sf.g‘“ 25010000 120 foongsyl 4ongBl syl 2 m_aq%mn.m.
o 00 | 6000,8000, $0000
SiZer™-50 pius DNA Marker 5 ml 24072 "
S 0 Sizer™ 10010000 444 100ngi5ul 40ngl Sl B uorae L e
SiZer™-100 DNA Marker 05ml 24073 ~1000 plus SRS
SiZer™-1000 DNA Marker 05 i 24074 boietiind
o - - erﬁl o { h g
SiZer™-1000 plus DNA Marker 0.5ml 24075 ’ffu 201500 % T w1 5000 750, O
SiZer 15K DNA Marker o SRR BT | | szere onoum o0 wmewsd . - w0 Ruswenzm
SiZer™- ADNA/Hindlll DNA Marker 05ml 24077 ZABRAHRN wa |
STORAGE .
+ Store at 4°C and stable for more than 6 months, For more stable use, should be RELATED PRODUCT
eliquoted and then stored at -20 'C . (stable for more than 12 months)
GENERAL USE Product Name Cat.No.
* No DNase and RNase detected. RedSafe™ Nucleic Acid Staining Solution (20,000%) 21411
« Load 5 pl per each well of Agarose gel.
DNA-spin™ Plasmid DNA Extraction Kit 17096/17097/17098
QUALITY CONTROL MEGAquick-spin™ Total Fragment DNA Purification Kit 17286 | 17287/17288
Well-defined bands are formed during agarose gel electrophoresis. The DNA T = e
concentration is determined spectrophotometrically. MakineT POR PreMix (kSizeTeq)
The absence of nucleases is confirmed by a direct nuclease activity assay. Maxime™ PCR PreMix (i-pfu) 25185
ELECTROPHORESIS
+ The 5 pl of fadder DNA was loaded, and then electrophoresed for 1hr at appropriate concentration of gel
SizZer™-20 SiZer™-50 plus Sizer™-100 SiZer™-1000 SiZer™-1000 pius  SiZer™-15K " SiZer™-ADNA/Hindlil
i g R — —— P e
e o o B » [rer Lo, — 5000 =
24071 :g‘?‘s 24072 § —1 24073 24074 1000 24075 10000 24076 :“T’-ggg 24077
géu - 0 — 1500 oy = E%’ -
— 240 — 70 by o =i — 9416
— 20 e s 3000 — 4000 y — 6,557
— 200 P 500 :1% — 3000 — 431
— 1 . — a0 T w0 2,000 [ — 2000 i
— 180 — g B égg 1500 R = 1,500 = it
— 140 o — 500 — 1000 e 1
i el — 400 1,000 o Sm ki
A0 — m = — 500
e — 100 g . s b — @ — @ -
e 2 2 il — 200 2 500 s W 3 5
Chad— ® ‘l- = SE_ w g g SE_
z | 2 | 2 2 2
% — W = - = 250 = & =

www.intronbic.com info@intronbio.com
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iNtRON Biotechnology, Inc.
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Appendix VII
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Isoschizomers | Single Letter Code
Having supplied restriction enzymes to the research community for over
40 years, NEB has earned the reputation of being the leader in enzyme
technologies. Working continuously to be worth of that distinction, NEB
strives to develop enzyme of the highest purity and unparalleled quality.

o Time-Saver™ qualified for digestion in 5-15 minutes

« 100% activity in CutSmart”® Buffer (over 210 enzymes are available in

the same buffer) allowing for easier double digests.
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