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Abstract
Pathogenic bacteria are constantly adapted against antimicrobial drugs by arising new traits of drug
resistance. The genes of such resistance are mostly possessed by pathogens due to the random use
of antibiotics and commonly held on plasmid DNA. Plasmid-mediated antimicrobial resistance genes
are easily transferred horizontally from one bacterial cell to another in an epidemic manner causing
an increasing and serious challenge to clinicians to overcome the infectious pathogens. UTI is the
most common infection caused by bacteria which has become hard to be treated due to the emerging
problem of antibiotic resistance. The current study correlates plasmid DNA diversity and antibiotic
resistance in E. coli; the common causative agent of UTI. Obtaining plasmid restriction maps provides
a clear view about how DNA could be diversified in one bacteria. The result showed a clear DNA
polymorphism in plasmids purified from E. coli. There has been 10 forms of different restriction plasmid
profiles among 63 sample of E. coli. The 10 forms of plasmid profiles have been classified into two
groups: highly diversified and lowly diversified profiles. Strains of highly diversified plasmid profiles
showed significantly more resistance toward antibiotics than strains of less diversified plasmid profiles.
Measuring plasmid DNA diversity together with the antibiotic resistance indicates an epidemic transfer
and acquisition of different plasmids in pathogenic E. coli as a result of antibiotic random treatment.
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INTRODUCTION
E. coli is Gram-negative rod-shaped
coliform bacterium which is facultative anaerobic
and normally found harmlessly as normal flora in
the lower intestinal part of warm blood animals1.
However, serious infections could be caused by E.
coli such as gastroenteritis due to food poisoning,
burn infections, meningitis, and urinary tract
infection (UTI)2,3.
There are approximately 150 million
person who develops UTI annually word wide
that impacts significantly on national economies
in terms of treatment and management4. The
incidence of UTI has been estimated to occur at
least once during the life span of about 40% of
females of all ages, while 11% of females of above
18 years old develop UTI in the USA only5,6.
Uropathogenic E. coli (UPEC), which is part of
the intestinal normal flora, has been recorded as
the most popular pathogenic bacteria isolated
from 80% to 90% of the patients suffering from
community acquired UTI 6. This is due to the
bacterium ability to invade both lower and upper
parts of the urinary tract causing bladder and
kidney infections respectively7,8. The virulence
factors of structural adhesive (such as pili, flagella,
and fimbriae) and toxic secreted elements qualify
UPEC to be the primary cause of UTI9. Other
bacterial pathogens which were also isolated from
UTI involve Pseudomonas aeruginosa, Klebsiella
pneumonia, Enterobacter cloacae, Proteus
mirabilis, Streptococcus bovis, and Enterococcus
faecalis. Fungal causative agents including Candida
albicans was recorded as well10-12.
In spite of antibiotic treatment, it has
been recorded that UTI could be recurred with
the same pathogenic bacteria after 6-12 months
of the patient remedy13. The UTI has been shown
to recurred even after two years in about 33%
of urinary tract-infected one year old Children,
while 20% to 30% of women who are over
18 years old has been noticed to experience
UTI recurrence after 3 to 4 months of the first
infection14. The challenging pathogenic E. coli
which develop antibiotic resistance and cause the
infection to occur repeatedly could lead to surgical
intervention performed by physicians to patient to
manage the UTI 15.
Antimicrobial treatment of UTI must be
prescribed after performing a precise diagnosis
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and drug sensitivity identification of the causative
uropathogenic bacteria in order to avoid the
emerging antibiotic resistance resulting from the
arbitrary antibiotics prescription16. Pharmaceutical
antibiotic industry has been significantly developed
to produce drugs of good choice to manage the
UTIs but still UPEC is challenging pathogen
persisting high levels of antibiotic resistance17.
For the sake of avoiding the drawbacks
(such as antibiotic resistance) resulting from the
complete dependence on antibiotics treatment,
the Urology Association in Europe has recently
recommended patients to perform changes in
their life style to minimize the symptoms of UTI
without taking any antibiotics for a certain period
of time, then antibiotics could be given when the
no antibiotic treatment has not worked18.
Records obtained between 2007-2010
in the United States showed that 31.3% of UPEC
isolated from hospitalized patients were resistant
toward fluoroquinolones antibiotics, while in
Europe, UPEC appeared to be less resistant to
fluoroquinolones (22.3%) which were less active
than 3rd generation cephalosporins that appeared
11% resistance by UPEC9,19. Such clinical studies
highlight the serious problem of decreased drugs
of choice used against resistant UPEC16.
Antimicrobial resistance in bacteria is an
inherited trait which is expressed by pathogenic
bacteria that carry the genetic material for
such traits. Antibiotic resistance genes are not
considered as essential genes for microbial growth
and metabolism but an adaptive genes that
applied to bacteria as a result of stressful adaptive
selection derived by exposure to antibiotics. This
adaptive genetic traits are mostly not carried on
the bacterial chromosome but on a luxurious DNA
molecules called plasmids20,21.
Plasmids are extra-chromosomal circular
DNA molecules which are able to replicate inside
the cell independently of the chromosomal
DNA and transferred to other bacterial cells
by conjugation 22. Having a unique origin of
replication, a given plasmid will not only be able
to replicate itself but also determine its copy
number inside the bacterial cell. Other genetic
systems of toxin-antitoxin working mechanisms,
for example, that ensure a 100% maintenance of
plasmids in the bacterial offspring regardless the
adaptive selection have also been detected on
950
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plasmid molecules23.
Studying plasmid DNA content in
pathogenic bacteria constitutes a vital step toward
the understanding of antibiotic resistance which is
the major problem of treating bacterial infectious
disease nowadays 24. One of the approaches
of understanding the plasmid DNA content is
to measure its diversity or poly-morphism by
restriction mapping which is the objective of the
current study. Applying restriction enzymes will cut
DNA molecules specifically from certain restriction
sites. These restriction cutting sites are assumed
by us to be distributed differently in their numbers
and/or positions among the different plasmid
DNA molecules producing unique patterns of DNA
bands on agarose gel. Each pattern is related to a
certain group of plasmid.
The aim of the present study is measuring
the polymorphism of plasmid DNA content
and correlating it with antimicrobial resistance
profiles of E. coli isolated from UTI. This provides
an indication on how antibiotic are being used
randomly and ineffectively in Iraq toward this
pathogen which will derive the pressure of
stressful selection in bacteria to acquire and
maintain a wide variety of plasmid DNA molecules,
that carry antibiotic resistance traits, in order to
survive the stress.

discarded. The pellet was cultured on 5 ml brain
heart infusion broth and incubated overnight at
37°C in order to activate bacteria. Samples which
show turbidity in the brain heart infusion broth
were sub-cultured on freshly made plates of
blood and Macconkey agars. Lactose fermenting
bacterial colonies were picked for and subcultured separately for the purpose of performing
distinguishing biochemical test to diagnose E. coli
according to the manuals of25.
Antibiotic sensitivity test
The antibiotic resistance ability of
pathogenic E.coli has been measured by disc
diffusion method on Muller-Hinton agar plates
25
. Discs of 9 different antibiotics, which are
commonly used in Iraq to treat UTI, were used in
this study.
Plasmid DNA Isolation
The obtained E. coli isolates were
activated by culturing on 15 ml of brain heart
infusion broth and incubated overnight at
37°C. Bacterial cells are then precipitated by
centrifugation at 6000 rpm for 15 minutes. The
plasmid content of the precipitated bacterial
cells were isolated by alkaline lyses method using
plasmid extraction kit from Qiagen®. The manual
provided with kit were followed for the plasmids
isolation.
Plasmid DNA restriction digestion
The Plasmid content isolated from each
E. coli isolate were digested in a double digestion
reaction using high fidelity BamHI and HindIII
restriction enzymes from New England Biolab®.
Instruction manuals of the company regarding
these enzymes were followed in performing
restriction digestion.
Agarose Gel Electrophoresis and Visualization
After restriction digestion completed,
4 ml of 6X DNA loading dye (from New England

MATERIALS AND METHODS
Samples collection
Urine samples of patients were collected
from hospitals laboratories using sterile container
and directly taken to the laboratory for culture on
the same day.
Samples culture and Bacteria Identification
Each Urine sample was transferred
into sterile centrifuge tubes and centrifuged at
5000 rpm for 10 minutes. The supernatant was

Table 1. Antibiotic sensitivity of isolates with highly diversified plasmid DNA (50 samples)
Antibiotic
Sensitivity
Numbers
Percentage
(%)

s
11
22

I

r

s

39
78

14
28

II

r

s

36
72

7
14

III

r

s

43
86

17
34

IV

r

s

33
66

17
34

V

r

s

33
66

13
26

VI

VII

r

s

37
74

20
40

VIII

r

s

30
60

6
12

r

s

44
88

15
30

IX

r
35
70

I - Ceftriaxone; II - Gentamycin; III - Cephalothin; IV - Ceftazidime; V- Amoxyclav; VI - Amikacin; VII - Ampicillin/cloxacillin; VIIICefixime; IX - Cefotaxime; S= Sensitive, R= Resistance
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Biolab®) were mixed with each 20 ml of the
restriction reaction and applied into the wells
of 1% Agarose gel prepared by adding 1 gram of
agarose to 100 ml of Tris Acetic acid EDTA buffer
in addition to 5µl ethidium bromide. The loaded
gel were immersed in TAE in the electrophoresis
tank and a current of 90 Volt was applied for 1.5
hour. DNA standard ladder from Bioline® were
also loaded on the gel. The gels were read using
computerized ultra violate transilluminator.

is the main adaptation tool which has evolved in
pathogenic bacteria converting such pathogents
to be multidrug resistant and more challenging to
physicians day by day31,32.
The emerging new genes of antibiotic
resistance has become more challenging not
only in the bacteria under the stress of antibiotic
treatment but also to other bacteria of different
species and genera due to the ability of such
adaptive genes to be held on plasmids (mobile
DNA elements) which are then easily moved
horizontally to other bacteria making it ready and
resistant to any suspected antibiotic treatment33,34.
Enterobacteriaceae is well known of
plasmid-mediated antibiotic resistance which
could be spread easily across its genera24,35. This
means easily-treated E. coli could be converted
to a highly resistant (virulent) pathogen due to
plasmid acquisition from other virulent bacteria
such as Klebsiella spp. for instance.
It has been thought that studying
the plasmid types in pathogenic bacteria is an
important step toward the well understanding of
antibiotic resistance as plasmids are commonly
found in bacteria to hold genes of drug resistance.
Restriction mapping is one of the precise methods
to study the genetic polymorphism depending on
the specific DNA digestion from certain loci36,37.
The number and positions of certain
restriction site are different among the different
plasmid DNA molecules. In other words, the
restriction nucleotide sequence of certain
endonuclease is variant in its frequency among
the plasmid DNA variants. Therefore, treating
such plasmid variants with one restriction
endonuclease, for instance, will produce groups of
DNA segments of different sizes which will show
unique patterns or finger print of DNA bands on
agarose each pattern (finger print) is related to its
original plasmid.

RESULTS AND DISCUSSION
Urinary tract infection is the most
commonly occurred infection in the community
worldwide 26-28, therefore, the current study
involves isolation and identification of pathogenic
E. coli from patients suffering from UTI and
studying the plasmids polymorphism.
One hundred and twelve urine samples
were collected from hospitals in Al-Najaf and
Karbala. After centrifugation and culture on blood
and Macconkey, 21 samples showed no bacterial
growth, 91 samples showed bacterial growth
due to UTI. Entrobacteriaceae was the common
cause of UTI accounting for 89%, most of them
(63 sample) were identified to be E. coli (78%).
It has been shown by28 that communityacquired UTI is caused mostly by enterobacteriaceae (88%), 80% of them was diagnosed
as E. coli. The recurrence of UTI was seen to be
higher in females compared with males patients
due to the anatomic difference of urogenital tract
between male and female. This goes to agreement
with the finding of29,30.
The treatment of bacterial infections
including UTI has become a main problem due to
the random use of antibiotics which induces the
adaptive processes in pathogenic bacteria to resist
such unconcerned antibiotic treatment. Enzymatic
resistance by extended spectrum beta-lactamases

Table 2. Antibiotic sensitivity of isolates with less diversified plasmid DNA (13 samples)
Antibiotic
Sensitivity
Numbers
Percentage

s

I

r

s

II

r

s

III

r

s

11 2
9
4 11 2 10
84.6 15.4 69.2 30.8 84.6 15.4 77

IV

r

s

3
23

12
92

V

r
1
8

s

VI

r

s

VII

r

s

VIII

11 2
9
4 10
84.6 15.4 69.2 30.8 77

r

s

3
23

12
92

IX

r
1
8

I - Ceftriaxone; II - Gentamycin; III - Cephalothin; IV - Ceftazidime; V- Amoxyclav; VI - Amikacin;
VII - Ampicillin/cloxacillin;VIII- Cefixime; IX - Cefotaxime; S= Sensitive, R= Resistance
Journal of Pure and Applied Microbiology

952

www.microbiologyjournal.org

Al-Shamarti & Mohsin J Pure Appl Microbiol, 13(2), 949-956 | June 2019 | DOI 10.22207/JPAM.13.2.31

The results revealed 10 different plasmid
patterns among E.coli isolates (fig. 1). These 10
patterns were divided into two groups according
to their diversity which are highly and lowly
diversified respectively. The more the number
of DNA bands the more the diversity of plasmid
content and vice versa. This indicates the clear
variation of plasmid content in pathogenic bacteria
of the same species which is isolated from only
one type of infection. Different plasmid restriction
maps in such single pathogen confirm the ability
of the latter to accept wide variety of plasmids in
order to resist antibiotics. As mentioned previously
that plasmids are acquired by pathogenic bacteria
when its under stress of antibiotic treatment,
especially when antibiotics are used randomly.
In other words, an epidemic spread of
different plasmid types from different origins
is most likely to be a common phenomenon
simultaneously with the random use of
antimicrobial drug treatment20.
Most E. coli isolates (50 isolates 79.4%) in
this study appeared with highly diversified plasmid
DNA (Fig. 1, lanes 2,3,4,5,6, and 9), while 20.6% (13
isolates ) showed less diversity of plasmid content
(Fig. 1, lanes 1,7,8, and 10). Isolates of highly
diversified plasmids appeared significantly more

resistance toward antibiotics (Table 1, Fig. 2), while
isolates of less diversified plasmid content showed
less resistance (Table 2, Fig. 3). This indicates an
epidemic widespread of plasmids in relation with
antibiotic resistance which is considered as a clear
evidence of antibiotics random usage in the Iraqi
community.
In the current study, the plasmids
purified from UTI-causing pathogenic E.coli were
treated by two different endonucleases which
are BamHI and HindIII which recognize and digest
plasmid DNA molecules at every 5'-GGATCC-3'
and 5'-AAGCTT-3' respectively. The more endonucleases used in restriction mapping the more
precise DNA finger print will be produced provided
that endonucleases are not sensitive toward
DNA methylation, therefore, BamHI and HindIII
were used in double digestion reaction for this
purpose. These two restriction enzymes are highly
active and not blocked by dam, dcm, and CpG
methyltransferases.
There are many types of methods used
in plasmid typing most of them rely on amplifying
specific sequences or genes which could be present
only in certain types of plasmids. Such methods are
considered to investigate the presence or absence
of the target plasmids among the bacteria by

Fig. 1. Agarose gel electrophoresis of plasmids digested by BamHI and HindIII endonucleases. L is hyperladderI. Lane
1-10 are double digested plasmid samples from different E.coli isolates showing DNA variations. Lanes 2,3,4,5,6
and 9 show more DNA bands indicating more DNA diversity. Lanes 1,7,8, and 10 show less DNA bands indicating
less DNA diversity.
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Fig. 2. Antibiotic sensitivity of isolates with highly diversified plasmid DNA (50 samples).
locating some characteristic genes related to such
plasmids. For example, replicon typing method
which is based on PCR (PBRT method) developed
by38 is one of the methods used to distinguish IncI1
and ColE plasmids by locating relaxases-encoding
MOBp and MOBf genes using PCR39. While in this
study, restriction mapping distinguishes extremely
short DNA sequence repeats (restriction sites) of
six base pair length which are not hard to be found
in a wide range of different plasmids. Therefore,
the assumption of random distribution of BamHI

and HindIII restriction sequences among the
plasmid content of pathogenic E.coli was easy to
be estimated here providing us with clear view of
plasmid DNA polymorphism.
There are 28 different plasmids (such as
IncA/C, IncL, IncI, IncN, IncF, and IncH) identified
in Enterobacteriaceae recently which are mostly
related with antimicrobial drug resistance24. The
plasmids are fixed in their sizes but they are modified
by means of high frequency recombination (Hfr);
a process by which plasmids could be recombine

Fig. 3. Antibiotic sensitivity of isolates with less diversified plasmid DNA (13 samples).
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with the chromosomal DNA leading to insertion of
plasmid genes into the chromosome or insertion
of chromosomal genetic materials into plasmids40.
This could give a molecular explanation to the
result of the current study of getting different
plasmid restriction maps. Therefore it is not
surprising to find certain genes (such as antibiotic
resistance genes) of chromosomal origins held on
the plasmids.
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