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Abstract: This study determined the plasmid profile and antibiotic resistance patterns of extended spectrum
beta lactamases producing Pseudomonas aeruginosa expressing Amp C beta lactamase enzyme using standard
procedures. Results obtained revealed that 32 (43.2%) had one plasmid, 37(50%) had two plasmids while the
remaining five carried three plasmids each. The plasmid sizes ranged from 800bp to 25000-bp while eighteen
different profiles were encountered. 10.8% of the strains (8) presented profile 1, 2.7% of the strains (2) presented
profile 2, 4, 8 and 17. 16.2% of the strains (12) presented profile 3, 4.05% of the strains (3) presented profile 5,
9,11, 14, 15 and 18. 6.8% of the strains (5) presented profile 6 and 10. 8.1% of the strains (6) presented profile
7 and 5.4% of the strains (4) presented profile 12, 13 and 16. The treatment of the plasmid positive isolates with
acridine orange, SDS and ETBR suggest SDS as the most efficacious curing agents. The antibiotic resistance
pattern transferred from three of the five donor strains to the transconjugants were partial and were associated
with the transfer of R plasmids of sizes 24, 23, 4, 2, 25kbp. The frequencies of transfer of R plasmids to the
transconjugants ranged from 1.4x107° to 1.7x10~ per donor strains.
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INTRODUCTION (17% of cases), the third most common organism isolated

in both urinary tract infection (UTI) and surgical site

The role of Pseudomonas aeruginosa in a variety
of human infections ranging from neonatal sepsis,
burn sepsis and acute and chronic lung infections has
been documented [1]. This organism is a common
opportunistic  pathogen, leading to infections in
patients with defects in host defenses, such as chronic
neutropenias and defects of neurtrophil function,
hematologic cancers, human immunodeficiency virus
(HIV)/ acquired immunodeficiency syndrome (AIDS)
and diabetes mellitus. In addition chronic pulmonary
disease is common in patients with cystic fibrosis.

The National Nosocomial Infections Surveillance
(NNIS) System reports P. aeruginosa to be the second
most common organism isolated in nosocomial pneumonia

infection (11% of cases) and the fifth most common
organism isolated from all sites of nosocomial infection
(9% of cases) [2]. To treat bacteriological infections, it is
a common practice to employ antibiotics [3].

Bacterial resistance to different classes of antibiotics
have been reported [4, 5] in Pseudomonas aeruginosa
isolates from different sources. Most of these resistances
are acquired and may be caused by production of
plasmid mediated Amp C beta (P)-lactamase, extended
spectrum P-lactamase and metallo fB-lactamase (MBL)
enzymes [6]. B-lactamases are the most widespread and
effective mechanism through which bacteria can become
resistant to P-lactam drugs. With the increasing use of
B-lactam drugs and introduction of various inhibitor
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combinations such as amoxicillin-clavulanic acid or
sulbactam, Ambler class C and Bush group I B-lactamase
enzyme, known as AmpC [-lactamases have emerged and
are being reported worldwide with varying prevalence
rates [7-9].

Amp C beta lactamases inactivates the effects of
broad-spectrum cephalosporins and penicillins while
production of these enzymes in clinically significant
Enterobacteriaceae represents an increasing problem
resulting in higher patient morbidity and mortality [10].
For example, a recent study described a mortality rate of
as high as 60% in patients with bloodstream infections
due to ESBL-positive Enterobacteriaceae when adequate
antibiotic therapy was not administered [11]. ESBL-
positive Enterobacteriaceae which produce ESBLs and
Amp C broad-spectrum beta-lactamases have been
studied for more than two decades [12, 13]. Similarly,
articles describing their prevalence in food animals and
foods of animal origin have been published in recent
years [14-19].

In many bacteria, Amp C enzymes are inducible and
can be expressed at high levels by mutation.
Overexpression confers resistance to broad-spectrum
cephalosporins including cefotaxime, ceftazidime and
ceftriaxone and is a problem [20] especially in infections
due to Pseudomonas aeruginosa, where an isolate
initially susceptible to these agents may become resistant
upon therapy. This resistance may be located on
transmissible plasmids. Transmissible plasmids have
acquired genes for Amp C enzymes, which consequently
can now appear in bacteria lacking or poorly expressing a
chromosomal Amp C gene, such as Escherichia coli,
Klebsiella  pneumoniae
Resistance due to plasmid mediated Amp C enzymes is
less common than ESBL production in most parts of the
world but may be both harder to detect and broader in
spectrum [14].

In Nigeria, indiscriminate use of antibiotics, poor
hygienic practices in hospitals and lack of monitoring of
microbial drug resistance have created suitable conditions
for the emergency and uncontrollable spread of the ESBLs
and Amp C enzymes [21] and thus make their detection
complicated due to the variable affinity of these enzymes
for different substrates and inoculum effect. Although,
for more than a decade, since plasmid-mediated Amp C
beta-lactamases discovered, most clinical
laboratories remain ignorant of their clinical consequences
[22]. Consequently microorganisms producing these
enzymes are concealed and are primarily liable for various
nosocomial infections in hospitals.

Wwere

and Proteus mirabilis.
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Bacterial plasmids serve as the scaffold on which are
assembled arrays of antibiotic resistance genes, by
transposition (transposable elements and ISCR mediated
transposition) and site-specific recombination
mechanisms (integron gene cassettes). The evidence
suggests that antibiotic resistance genes in human
bacterial pathogens originate from a multitude of bacterial
sources, indicating that the genomes of all bacteria can be
considered as a single global gene pool into which most,
if not all, bacteria can dip for genes necessary for survival.
In terms of antibiotic resistance, plasmids serve a central
role, as the vehicles for resistance gene capture and their
subsequent dissemination [23].

Plasmids, which are extra chromosomal double-
stranded DNA materials, have been found to be useful for
pathogens’ genetic diversity and prowess as infectious
agents. Profiling pathogens for their harbored plasmids
has been found to be very useful in epidemiological
studies, diagnosis and elucidation of mechanisms of drug
resistance [23]. Plasmids have also been found useful in
knowing whether two or more strains of a pathogen
evolve from the same microorganism, thereby providing
a reliable insight into the genetic relatedness of
pathogens in an environment [23, 24]. This study was
aimed at determining the plasmid profile and antibiotic
resistance patterns of extended spectrum beta lactamases
producing Pseudomonas aeruginosa expressing Amp C
beta lactamase enzyme.

MATERIALS AND METHODS

Bacterial Strains: The bacterial strains used in this study
were supplied by Mrs O.D.Popoola of the Department of
Microbiology (Medical Microbiology unit), Nnamdi
Azikwe University, Awka, Anambra, Nigeria.

Antimicrobial Susceptibility Testing: Antimicrobial
susceptibility was performed by the Kirby-Bauer disk
diffusion method for various antibiotics, namely:
Ampicillin (30pg), Amikacin (30png), Co-trimoxazole (25ug),
Ciprofloxacin (5ug), Ceftizoxime (30png), Cefuroxime (30ug),
Kanamycin (30pg), Piperacillin (100pg), Gentamicin (10ug),
Piperacillin/ tazobactam (100pg/10pg) and Carbenicillin
(100ug) (Abtek, U.K.). The results were interpreted based
on the CLSI interpretative standard chart [25]

Amp C Disc Test: Screening for Amp C f-lactamase
production was performed by Cefoxitin disk test. Isolates
that yielded a zone diameter less than 18 mm (screen
positive) were further subjected to confirmatory testing.



Am-Euras. J. Sci. Res., 10 (2): 109-117, 2015

The disk antagonism test was used for detection of
inducible Amp C [B-lactamase in all the isolates of
P. aeruginosa. A test isolate (with a turbidity equivalent
to that of 0.5 McFarland standards) was spread over a
Mueller Hinton agar (Oxoid, U.K) plate. Cefotaxime (30pg)
and cefoxitin (30ng) (Abtek, U.K) disks were placed 20 mm
apart from centre to centre. [solates showing blunting of
the cefotaxime zone of inhibition adjacent to the cefoxitin
disk were screened as positive for Amp C [-lactamase.
Further confirmation of Amp C production was tested by
a modified three-dimensional test as described [26].
This method was particularly helpful in detecting non
inducible Amp C B-lactamases. The extended spectrum
beta-lactamase (ESBL) status of these strains was
established by combined disk diffusion method per CLSI
recommendations [25] using Cefotaxime (30pg) and
Ceftazidime (30png) disks alone and in combination with
clavulanic acid. Metallo P-lactamase production was
detected by Imipenem-EDTA disk test. Two 10 pg
imipenem disks were placed on the plate and appropriate
amounts of 10 ul of 0.5M EDTA solution were added to
one of them to obtain the described concentration
(750 pg). The inhibition zones of imipenem and imipenem-
EDTA disks were compared after 18 hours of incubation
in air at 35°C. If the increase in inhibition zone with
imipenem and EDTA disk was = 7 mm, then the imipenem
disk alone was considered to be the MBL producer [26].

Plasmid Extraction, Profiling and Curing: Conjugation
experiment was carried out according to Willets [27] using
rifampicin-resistant E. coli DH5« as the recipient cell and
five selected representatives of Pseudomonas aeruginosa
as donor strains. The initial donor-to-recipient ratio of
1:20 was used for mating. Transconjugants were selected
on MH agar plate containing 300 pg/mL of rifampicin and
50 pg/mL of ampicillin. Antibiotic susceptibility assay was
carried out on the transconjugants. Plasmid extraction of
donor strains and transconjugants was done using the
alkaline lysis method of Takahashi and Nagano [28].
Plasmid DNA bands were detected by electrophoresis on
0.8% horizontal agarose gel pre-stained with ethidium
bromide (0.5 pg/mL) and visualized under UV light. The
sizes of the plasmid DNA bands were determined by
extrapolation based on the mobility of Hind III digested A
DNA co-electrophoresed with the plasmid DNA samples
[29-31]. Plasmid extraction of 74 isolates was carried out
Three treatments were tested to evaluate curing efficiency
of acridine orange, ethidium bromide and sodium dodecyl
sulfate (SDS). The strains were grown in LB broth +2.5%
NaCl at 30°C for 24 h. One set of 10.0-ml test tubes was
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prepared with 2.0 ml of LB broth with 10, 5, 2.5 and 1.25%
SDS, another set with acridine orange at 25, 50, 100 and
200 pg/ml and a third set with 50, 100 and 200 pg/ml of
ethidium bromide. All the tubes were inoculated with
200ul of the cultured bacterial broth and incubated at
30+°C for 24 h under constant agitation. Serial dilutions in
sterile saline solution 2.5% were done and 100ul were
plated in LB agar +2.5% NacCl, the plates were incubated
at 30£°C for 24 h. Five colonies were selected from
treatments with the highest concentration of curing agent
and antibiograms were performed for the antibiotics to
which they were originally resistant. Colonies that
showed change in the size of the inhibition halo were
submitted to plasmid extraction as explained previously.
From the previous experiment, the most efficient curing
agent was selected and the rest of the strains were tested
following the methodology already described, the
bacterial cells were centrifuged at 2200xg for 1 min, the
supernatant was discarded and the pellet was
resuspended in 1.0 ml saline solution (2.5%), this washing
was repeated two more times. The resuspended bacteria
were serially diluted and plated in LB agar+2.5% NacCl,
after incubation, 13 colonies per tested strain were
selected and inoculated in a Mueller Hinton agar plate
with the corresponding antibiotics, to identify bacterial
colonies that presented a change in the susceptibility
using Kirby-Bauer method. Each well was inoculated with
50 ul of 0.5McFarland turbidity standard of a bacterial
suspension, one colony suspended. The zone of
inhibition was estimated or each strain before curing, to
evaluate change in the resistance pattern due to the loss
of the plasmid. Those strains that presented lower
resistance patterns were selected. From these strains, the
plasmid DNA was extracted and DNA bands were
recorded electrophoretically (as described previously).

RESULTS AND DISCUSSION

Bacterial Strain Characterization and Antibiotic
Susceptibility: All the strains grew on Cetrimide agar,
were Gram-negative rod shape bacteria, motile by means
of single polar flagella, oxidase-positive, do not ferment
glucose and were positive to pyocyanin production [32].
Of the 74 strains tested, 72 were resistant to ampicillin
(97.3%), 58 to amikacin (78.4%), 66 to carbenicillin (89.2%),
71 to cefoxitin (95.9%), 67 to ceftazidime (90.5%), 68 to
ceftzoxime (91.9%), 60 to cefuroxime (81.1%), 42 to
cotrimoxazole and ciprofloxacin (56.8%), 28 to gentamicin
(37.8%), 53 to imipenem (71.6%), 17 to combination of
pipreacillin and tazobactam (22.9%) and 66 to kanamycin
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Table 1: Prevalence of antibiotic resistance among the studied Pseudomonas
aeruginosa strains (N=74)

Bacterial Resistance patterns

Antibiotics %

Ampicillin 72 97.3%
Amikacin 58 78.4%
Carbenicillin 66 89.2%
Cefoxitin 71 95.9%
Ceftazidime 67 90.5%
Ceftizoxime 68 91.9
Cefuroxime 60 81.1
Cotrimoxazole 42 56.8
Ciprofloxacin 42 56.8
Gentamicin 28 37.8
Imipenem 53 71.6
Piperacillint+tazobactam 17 22.9
Kanamycin 66 89.2

Table 2: Prevalence of Amp C beta lactamase producing Pseudomonas
aeruginosa

N EP 1A INA

74 30 7 23

N = Total number of isolates, EP = Amp C producers, IA = inducible Amp

C, INA = inducible and non inducible Amp C.

Table 3: P-lactamase mediated resistance mechanism in Amp C producing
Pseudomonas aeruginosa (n = 30).
AMPC + ESBL
5

AMP C
30

AmpC +MBL
21

(89.2%) ( Table 1). 30 of the 74 isolates were Amp C Beta
lactamase producers, 7 and 23 produced inducible and
non inducible Amp C beta lactamases respectively
(Table 2). Table 3 represents the beta lactamase mediated
resistance mechanism in Amp C producing Pseudomonas
aeruginosa. Five of the 30 Amp C beta lactamases
produced extended spectrum beta lactamases while 21 of
the same isolates produced metallo betalactamse enzymes
in addition to the AMP C enzymes. In this study, we
found a relatively lower prevalence of Amp C (3-lactamase
producing P. aeruginosa (40.5%). Production of multiple
B-lactamases by P. aeruginosa has tremendous
therapeutic  consequences and poses a significant
clinical challenge if it remains undetected. Since these
organisms also carry other drug-resistant genes and the
only viable treatment option remains the potentially toxic
polymyxin B and colistin [32], early identification of the
infections due to these organisms is necessary as the
appropriate treatment might reduce the spread of these
resistant strains as well as reduce the mortality in
hospitalized patients. This emphasizes the need for the
detection of isolates that produce these enzymes to
avoid therapeutic failures and nosocomial outbreaks.
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Since there is no standard guideline for detection of most
of these P-lactamase enzymes in P. aeruginosa, the
comparison between studies becomes difficult as the
patient population in particular centers and the methods
of study differ.

The presence of Amp C producing isolates may be
indicative of the ominous trend of more and more isolates
acquiring resistance mechanisms rendering the
antimicrobial armamarium ineffective. The Amp C enzymes
were classified as CMY-2 [33]. The comparison of our
results with the above-mentioned studies clearly shows
that Pseudomonas aeruginosa strains producing ESBL
and AmpC enzymes are less prevalent. This observation
is not surprising as AmpC producers are susceptible to
fourth generation cephalosporins like cefepime while
ESBL producers are variably resistant to fourth-
generation cephalosporins [34]. Both ESBL producers and
non-producers showed high level resistance to cefepime.
A high inoculum effect has been reported with cefepime
for ESBL-producing and Amp C-producing isolates of
Enterobacteriaceae [34]. The fact that 21 of the total 30
Amp C producers also produced metallo beta lactamases
is very frightening. This is because MBLs also represent
a clinical threat due to their unrivalled spectrum of activity
and their resistance to therapeutic serine beta-lactamase
inhibitors [31-33]

Plasmid Extraction, Profiling and Curing: Of the 74
strains analyzed, none was found without plasmid,
32 (43.2%) had one plasmid (Table 4), 37(50%) had two
plasmids while the remaining five carried three plasmids
each. The size of the extracted plasmids ranges from
800bp to 25000-bp. Eighteen different profiles were
encountered, 10.8% of the strains (8) presented profile 1,
2.7% of the strains (2) presented profile 2,4,8 and 17.
16.2% of the strains (12) presented profile 3, 4.05% of the
strains (3) presented profile 5,9, 11, 14, 15 and 18. 6.8% of
the strains (5) presented profile 6 and 10. 8.1% of the
strains (6) presented profile 7 and 5.4% of the strains (4)
presented profile 12, 13 and 16. The plasmid profiles in
Pseudomonas aeruginosa have been studied [35] where
a high diversity of profiles was observed [36]. Plasmid
profiling has been proven useful to differentiate between
Pseudomonas aeruginosa strains [35] but their
discriminatory power has also been questioned [37].

The treatment with 200pgml™" of acridine orange did
not cure resistance to ampicillin, amikacin, carbenicillin,
cefoxitin, ceftazidime and ceftizoxime. However, this
concentration was enough to cure 38.3, 28.5, 19.0,
28.6, 24.5, 23.5 and 27.3% of resistance to cefuroxime,
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Table 4: Plasmid profiles of the studied Pseudomonas aeruginosa strains

Plasmid profiles Molecular weight of plasmids (kbp) Frequency of plasmids occurrence
1 24 8(10.8)
2 25,1 2(2.7)

3 25 12(16.2)
4 25,6.5,1 2(2.7)

5 25,1.5 3(4.05)
6 25,2 5(6.8)

7 25,3 6(8.1)

8 25,5 2(2.7)

9 0.8 3(4.05)
10 23.5 5(6.8)
11 23,4,2 3(4.05)
12 23 4(5.4)

13 23,2 4(5.4)
14 20,23.5 3(4.05)
15 23.5,2 3(4.05)
16 24,2 4(5.4)
17 23.5,4,3 2(2.7)
18 24,23.5 3(4.05)
Total 33 74(100)

Table 5: Effect of different curing agents on the resistance patterns of the studied Pseudomonas aeruginosa strains Percentage of strains that lost resistance to

antibiotics after treatment with

SDS ETBR Acridine orange
Antibiotics 10% 5% 2.5% 1.25% 200pg/ml  100pg/ml  50pg/ml  25ug/ml 200pg/ml  100pg/ml  50pg/ml  25ug/ml
Ampicillin 72(100)  58(80.6)  45(62.5) 26(36.1) 49(68.1)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Amikacin 58(100)  47(81) 45(77)  23(40)  29(50) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Carbenicillin 66(100)  33(50%) 0(0) 0(0) 27(40.9)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Cefoxitin 71(100)  32(45) 16(23)  0(0) 39(54.9)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Ceftazidime 67(100)  50(74.6)  0(0) 0(0) 46(68.7)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Ceftizoxime 68(100)  34(50) 0(0) 0(0) 41(60.3)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Cefuroxime 60(100)  30(50) 0(0) 0(0) 30(50) 0(0) 0(0) 23(38.3) 0(0) 0(0) 0(0) 0(0)
Cotrimoxazole  42(100)  20(47.6)  0(0) 0(0) 21(50) 0(0) 0(0) 0(0) 12(28.5)  0(0) (0) 0(0)
Ciprofloxacin ~ 42(100)  19(45.2)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 8(19.0) 0(0) 0(0) 0(0)
Gentamicin 28(100)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 8(28.6) 2(7.2) 0(0) 0(0)
Imipenem 53(100)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 13(24.5)  0(0) 0(0) 0(0)
Pip+taz 17(100)  8(47.1) 0(0) 0(0) 17(100) 0(0) 0(0) 0(0) 4(23.5) 0(0) 0(0) 0(0)
kanamycin 66(100)  24(36.4)  0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 18(27.3)  0(0) 0(0) 0(0)

cotrimoxazole, ciprofloxacin, gentamicin, imipenem and
combination of piperacillin and tazobactam as well as
kanamycin. The strains of the Pseudomonas aeruginosa
tested were resistant to concentration of acridine orange
below 200 ugml™ except two strains that were sensitive to
gentamicin upon treatment of their plasmid. This
observation may be corroborating previous reports that
acridine orange is capable of treating cells with lower
molecular plasmids [38].With SDS at 10%, all three strains
were cured, therefore, it was selected as the curing agent
since the disposal of acridine orange and ethidium
bromide were more difficult. SDS was also effective at 5%
concentration except that it was not able to cure
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resistance to gentamicin and imipenem. At 2.5%
concentration, SDS cured resistance to ampicillin,
amikacin as well as cefoxitin while concentration of 1.25%
only cured resistance to ampicillin and amikacin.
According to Bennett [23], isolates of P. aeruginosa
maintain  their  resistances  to lincomycin and
erythromycin after 1% SDS treatment for three incubation
periods while Ahmad [39] also observed that all isolates
of P. aeruginosa isolated from different human infections
appeared 100% sensitive to streptomycin for all isolates
after 1% SDS treatment and during all incubation times.
Our findings therefore buttressed that P. aeruginosa
isolates responded at different rates to 10% SDS and this
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may be related to the permeability through outer
membrane and to the location of antibiotic resistant genes
carried on different plasmids. Sonstein and Baldwin [40]
elucidated that the effectiveness of SDS may be related to
plasmid copy number, or the amount of enzyme which
inactivate antibiotics. Adachi et al. [41] found that SDS
was only effective in elimination of sex (F) and R-plasmids
in E. coli in a high frequency at a concentration that is
higher than 1%. Moreover, it was reported that the longer
the incubation times (24 to 72 h), the higher the frequency
of sensitivity. In addition, comparing the genus with other
genus of bacteria, Saffawi [42] found that the SDS
affected the antibiotic resistant genes in S. aureus
isolated from different environments. However, these
resistances which were cured were conferred by Am, Cm
and Sm genes with 100 and 65% on penicillin gene when
the SDS was used at a concentration of 0.002% (W/V).
Ethidium bromide treated plasmids to varying degree of
percentages. As shown in the Table 5, concentration of
10% was the only efficacious concentration for the
treatment of plasmids curing 68.1, 50, 40.9, 54.9, 68.7, 60.3,
50 and 100% resistance to ampicillin, amikacin,
carbenicillin, cefoxitin, ceftazidime, ceftizoxime,
cotrimoxazole and ciprofloxacin as well as combination of
tazobactam and piperacillin respectively. This result
agrees with that of Keyser et al. [43] who reported that
low copy number plasmid was efficiently cured by EB.
The agents causing complete inhibition of plasmid
replication like Acridine orange and ethidium bromide
intercalate between base pairs in DNA. Furthermore, they
suggested that differences in DNA polymerase and
RNA polymerase are responsible for differences in EB
sensitivity to bacterial strains due to differences in the
rate of the agent’s penetration into different strains of
Enterobacteriaceac. Rubins and Rosenblum [44]
speculated that further exposure to EB caused the rate of
elimination to decrease and the resistance to EB to
increase and the resistance levels tended to increase
slightly after 24 h of growth in EB. This finding agrees
with the results obtained in this study. The previous
results showed that the plasmids carrying antibiotic
resistance genes were not eliminated with EB. This could
be due to high copy number of these plasmids in these
isolates. However, these results are in sharp disagreement
with that documented by Pallida et al. [45] who
demonstrated that the percent of cured plasmid DNA is
not more than 20% in optimal conditions in P. aeruginosa.
This is because where EB is efficacious; the percentage of
cured plasmid is more than 20%.
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Transformation of Competent Cells: Table 6 depicts the
outcomes of the conjugation experiment. Conjugal
transfer of resistance to ampicillin, amikacin, ciprofloxacin,
gentamicin, carbenicilllin, cotrimoxazole, kanamycin and
piperacillin and tazobactam was detected in the
transconjugants after the mating experiment. The
antibiotic resistances were transferred from four of the
five selected donor strains. The antibiotic resistance
pattern transferred by these donor strains was partial
and associated with the transfer of R plasmids of sizes
24,23, 4,2 and 25 kbp from three of the five transferable
strains (Table 6). The frequencies of transfer of
antibiotype or R plasmids to the transconjugants ranged
from 1.4x107° to 1.7x1077 transconjugants per donor
strain. This study documented the involvement of
plasmids as factors responsible for antibiotic resistance
in some of the recovered pathogens
resistances were partly transferred to E. coli DH5a by
Therefore, findings suggest the
emergence and active transfer of antibiotic resistance and
R plasmids among the studied strains of Pseudomonas
aeruginosa. In this study, antibiotics such as ampicillin,
amikacin, ciprofloxacin, carbenicillin, cotrimoxazole,
gentamicin, kanamycin and combination of piperacillin
and tazobactam were easily transferred from a multi
drug resistant Pseudomonas aeruginosa to E. coli.
The co-transfer of plasmids of sizes 23 and 4kb suggests
that these extrachromosomal DNAs are R plasmids. The
minimum size of a plasmid with an efficient conjugation
system has been reported to be >15 kbp [30]. Therefore,
the presence of the 5.0-kbp plasmids the
transconjugants implies that the larger molecular size
plasmids (i.e., 25, 24 and 23kbp) might serve as vehicles
for the transfer of lower molecular weight plasmids such
as 4kbp to E. coli DH5a. This also implies that the
mechanism of plasmid mobilization among the studied
pathogens may entail the use of larger sized plasmids as
vehicles in addition to the classical transfer systems
such as conjugation that require considerable genetic
information, as previously reported by Smith and
Linggood [46], Achmith Helmuth [47],
Christiansen et al. [48] and Jamieson and Bremner [30].
The result from the experiment also
revealed that the varied drug-resistant exconjugants
arose at a frequency range of 10~° - 10~ per donor cell.
These evolution rates are similar to those of previously
reported epidemiologically and clinically important
pathogens in Nigeria.

since these
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Table 6: Conjugal transfer of antibiotic resistance and plasmids to Escherichia coli DH5w by some of the selected bacterial isolates

Donor strains ATB PF(kbp) ATB to EC RP to EC CF
PsE 1 Amp, Ami, Cip, Gent 24 Amp, Ami, Cip, 24 2.3x10°
PsE 11 Car, Cef, Cot, Imi 23,4,2 Car, Cot 234 1.7x107
PsE 2 Gen, Imi, Kan, Cot 25,1 Gen, Kan, 25 1.4x10°
PsE 12 PT, Cip, Cef, Cefti 23 PT, Cip - 1.3x107
PsE 14 Cef, Amp, Car, Ami 20,23.5 - - -

ATB = Antibiotic resistance pattern, PF = Plasmid profile, EC= Escherichia coli, RP= Molecular weight of resistance plasmid transferred, CF = Conjugation

frequency, PsE= Pseudomonas aeruginosa strain

+ 25kbp
23.5kbp

17kbp

Skbp

Plate 1: Plasmid DNA profiles of multi drug resistant Pseudomonas aeruginosa isolates
Lane 1 = 10kbp Hind III A DNA marker, lane 2-12 = Pseudomonas aeruginosa isolates

CONCLUSIONS

It can be concluded based on our findings that
antibiotic  resistance spectrum  beta
lactamases  producing  Pseudomonas  aeruginosa
expressing Amp C beta-lactamase enzyme are associated
with transferable R plasmids for ampicillin, amikacin,
ciprofloxacin, carbenicillin, cotrimoxazole, gentamicin and
kanamycin.

of extended
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