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Abstract

Pseudomonas aeruginosa (PA) is part of a group of common nosocomial pathogens that exhibit multi
drug resistance, thus proving to be a significant threat to healthcare. This study analyzes the ability of
four commonly used antibiotics to observe eradication of the PA biofilm growth. Ceftazidime (CAZ),
Tobramycin (TOB), Ofloxacin (OFLX), Meropenem (MEM), were tested against overnight cultures
of PA strain PAO1. The minimal inhibitory concentrations (MIC) of planktonic cells for all the four
antibiotics were determined using broth microdilution while the minimal bactericidal concentrations
(MBCs) were determined by colony count after antibiotic treatment and regrowth. Biofilm growth
inhibition was performed by treating cells with antibiotic at the time of inoculation while eradication
was determined by adding antibiotics 24 hours after inoculation, allowing mature biofilm formation,
followed by the measurement of absorbance. PA planktonic cells exhibited the highest susceptibility
to MEM compared to overnight grown PA biofilm which demonstrated resistance to CAZ, complete
sensitivity to ofloxacin, and minimal sensitivity to TOB and MEM. PA biofilm displayed dose dependent
sensitivity to TOB, MEM and OFLX, and a significant level of resistance to CAZ during the inhibition
phase. However, in the eradication phase, PA showed significant resistance to TOB followed by CAZ
while PA biofilm showed sensitivity at higher concentrations of MEM. Our study exhibits that PA strain
PAOL1 is resistant to ceftazidime in both planktonic and biofilm phases. While ofloxacin proved to be
the most effective even at lower concentrations when compared with other antibiotics, tobramycin
was most effective at higher concentrations for eradicating and inhibiting PA biofilms.
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INTRODUCTION

Pseudomonas aeruginosa is a species
of great medical significance due to its status as
an important opportunistic human pathogen.! It
is important to note that these Gram-negative
bacteria single-handedly account for 10% of
all hospital-acquired infections and are also
responsible for killing thousands of people
annually.? These high mortality rates can be
attributed to the appearance of drug-resistant
strains and biofilm formation.? Costerton et al have
defined biofilm as a three-dimensionally structured
group comprising of different microorganisms,
typically enclosed in a self-produced polymeric
matrix, that adhere to a biotic or an abiotic
surface.? It has been shown that biofilm formation
starts with the adherence of single planktonic
cells to a conducive surface. These initial adherent
cells grow into microcolonies which then further
proliferate into mature biofilms. The matured
biofilms produce components of the extracellular
matrix (ECM) which are critical in maintaining the
distinctive structures of cellular aggregates.® The
ECM is crucial in biofilm persistence because of its
role in protecting the colonies from environmental
fluctuations and acting as a barrier against
antimicrobial agents from the host or otherwise.
Most importantly, compared to their planktonic
equivalents, bacteria encased in biofilm can be
more resistant to antibiotics by almost 1000-fold.
This level of resistance is often enough to render
the relevant antibiotic therapy ineffective.®’
Several factors are plausible contributors to
enhanced bacterial resistance: production of
ECM, different cell surface properties of bacterial
embedded in biofilm, metabolic shift, and slow
growth.®In P. aeruginosa, the efflux pump MexAB-
OprM is largely responsible for resistance to
antibiotics. The MexAB-OprM system, a tripartite
pump is one of the largest multi drug resistant
efflux pumps with high levels of expression of the
RND (Resistance nodulation division) family in P.
aeruginosa. The pump extrudes antimicrobials
across the outer membrane, which in turn
helps to bestow resistance to beta-lactams that
target the cell wall synthesis.® Over the years,
antibiotic therapy has been the mainstay of
treatment however, due to adaptive resistance,

the commonly used antibiotics are becoming no
more effective in completely eradicating PA.
Currently, eight categories of antibiotics
are primarily used to treat P. aeruginosa infections.
These categories comprise of penicillin with
B-lactamase inhibitors (BLI) (ticarcillin and
piperacillin in combination with clavulanic acid
or tazobactam), monobactams (aztreonam),
aminoglycosides (amikacin, netilmicin, gentamicin,
tobramycin), carbapenems (meropenem,
imipenem), cephalosporins (cefepime,
ceftazidime), polymyxins (colistin, polymyxin B),
Fosfomycin and fluoroquinolones (levofloxacin,
ciprofloxacin, ofloxacin).* Fluroquinolones
monotherapy has also shown effectiveness against
PAin vitro, indicating its potential as an alternative
to beta lactams.°
P. aeruginosa develops resistance
to aminoglycosides by producing inactivating
enzymes, fluoroquinolones by producing DNA
gyrase and topoisomerase IV which causes target
modifications. For carbapenems, P. aeruginosa
produces Class B Metallo-B-lactamase (IMP, VIM,
SPM, GIM), Class A serine carbapenemase (KPC),
and Class D carbapenemase (OXA-types: OXA-40)
to inactivate the antibiotics. Other mechanisms
include Efflux systems (overexpression).'? In
addition to the production of carbapenemases,
the over production of major efflux pumps such
as MexAB-OprM, MexXY-OprM, and MexCD-Opr)J
also contributed to the carbapenem resistance
in PA.» Whereas the beta lactam resistance in
Pseudomonas aeruginosa is mainly driven by the
over production of AmpC beta lactamase present
in the chromosome.*?
With increasing resistance of PAO1 to
these antibiotics, we therefore, investigated four
antibiotics from different categories for both the
planktonic and biofilm phase and determined
their resistance pattern and their effectiveness in
inhibiting PAO1 biofilm formation and eradication.
Objectives
1. To optimize the growth conditions and process
for measurement of Pseudomonas aeruginosa
PAO1 biofilms.

2. To study the antibiotic sensitivity of
Pseudomonas aeruginosa PAO1 planktonic
cells and biofilms.
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3. To study the effect of various antibiotics
on Pseudomonas aeruginosa PAO1 on
Planktonic phase, to establish minimum
inhibitory concentrations (MIC) and Minimum
Bactericidal concentrations (MBC) for each
antibiotic.

4. To evaluate the extent of inhibition and
eradication of Pseudomonas aeruginosa PAO1
biofilm biomass by various antibiotics.

MATERIALS AND METHODS
Bacterial strains, growth media, and conditions

The Pseudomonas aeruginosa strain,
PAO1 utilized in this study was preserved by our
laboratory at -80°C. Tryptic Soy Agar (TSA) and
Tryptic Soy Broth (TSB) media were employed
to culture the planktonic form of Pseudomonas
aeruginosa bacteria whereas, M63 media
supplemented with arginine alone or glucose
and casamino acid were used for formation of
pseudomonas aeruginosa biofilm.
Materials

Antibiotic discs of ceftazidime (CAZ),
Meropenem (MEM), tobramycin (TOB), piperacillin
(PRL) and ofloxacin (OFLX) were purchased from
Oxoid limited, UK. The powdered form of those
antibiotics was purchased from Acros organic
and Alfa aesar. The powdered antibiotics were
dissolved in bioreagent water according to the
manual of antimicrobial susceptibility testing
published by American society of Microbiology
(2005). The final stock concentrations of MEM,
OFLX, TOB, and CAZ in stock solution were 0.25
ug/ml, 0.5 ug/ml, 1 ug/ml, 2 ug/ml, 4ug/ml, 8 ug/
ml, 16 ug/ml, 32 ug/ml, 128 ug/ml, 128 ug/ml, 64
ug/ml, respectively.

-

——— = M63+Glucose +Casamino S— . zz= - |

Optimization of growth media for biofilm growth
(M63 supplemented with arginine vs glucose and
casamino)
To determine the optimized media for
biofilm production, we tested two media as
described by Microtiter Dish Biofilm Assay 2011.
a. M63 minimal media enhanced with
magnesium sulfate, glucose, and casamino
acid.

b. M63 minimal media augmented with
magnesium sulfate and arginine.

Hundred-micromilliter (100 umL) of the
media was added to each 96 well dish. This was
triplicated and incubated for overnight at 37°C.
The biomass of biofilm was determined by a plate
reader at 540 nm after CV staining.

Antibiotics disc diffusion testing on Pseudomonas
aeruginosa

Antibiotic diffusion assay for both
fresh and overnight plates were determined as
described by the Manual of Antimicrobial Testing
except that CFU counting was used to standardize
the culture.’® This assay includes steps such as
selection of PAO1 colonies, preparation of liquid
culture suspension, inoculating entire TSA plates,
adding antimicrobial disks within 15 minutes

Table 1. Determination of the Minimal Inhibitory
Concentration (MIC) and Minimal Bactericidal
Concentration (MBC)

Antibiotics MIC (ug/ml) MBC (ug/ml)
Ofloxacin 2.0 2.0
Ceftazidime 4.0 4.0
Meropenem 1.0 3.0
Tobramycin 2.0 2.0
05
045
04
035
03
§ 0.25
= 02
0.15
=
o [ |
M63+Casamino and M63+Arginine Negative control
Glucose

Fig. 1. Biofilm-forming capacity Pseudomonas aeruginosa in M63 minimal media with arginine vs glucose and
casamino. Formation of biofilms in 96-well microtiter plates incubated at 37°C for 24 hours were stained utilizing
crystal violet. 1(a) Representative images of biofilm formation after CV staining. 1(b) Graphical representation of
Pseudomonas aeruginosa biofilm-forming capacity as measured by spectrophotometric determination
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of plate inoculation, overnight incubation,
and measurement of zone of inhibition.!* For
planktonic phase, overnight plates were used to
prepare liquid cultures and incubated at 37°C for
3.5 hours to reach the log phase. TSA plates were
inoculated entirely with bacterial culture and
antibiotic discs were placed on the agar plates after
which it was incubated for overnight at 37°C. In the
biofilm phase, plates inoculated entirely with the
bacteria were incubated at 37°C overnight before
antibiotics discs were place on the agar plates.
These plates were re-incubated at 37°C overnight.
The antibiotic discs used were Ofloxacin (OFX) 5
ug/ml, Meropenem (MEM) 10 ug/ml, Tobramycin
(TOB) 10 ug/ml, Piperacillin (PRL) 100 ug/ml and
Ceftazidime (CAZ) 30 ug/ml. In diameter of the
inhibition zones were computed and designated
as susceptible, intermediate, or resistant.
Minimal Inhibitory Concentration (MIC)

The minimal inhibitory concentration
(MIC) was determined by broth microdilution
method described by the CLSI 2015. Using
McFarlan 0.5 solution as a standard for turbidity of
the overnight broth culture, 10 ul of P. aeruginosa
was dispensed per well in a 96-well plate. The
various concentrations of antibiotics were added,
and the volume adjusted with TSB to 100 ul in each
well. The plates were incubated overnight at 37°C.
MIC was established as the lowest concentration
with absence of any visible bacterial growth.
Minimal Bactericidal Concentration (MBC)

The MBC of planktonic P. aeruginosa were
determined for the four antibiotics according to

the Manual of Antimicrobial Susceptibility Testing
published by American society of Microbiology
(2005). Using an overnight PAO1 plate incubated,
3 loop full of cells in 150 ml of TSB were incubated
at 37°Con a shaker. Ten-milliliter (10 mL) of culture
were taken during the logarithmic phase into
36 sterile tubes (triplicated) and standardized
to OD600 before treating with the various
concentrations of antibiotics. (Ofloxacin: 0.5 ug/
ml, Lug/ml and 32 ug/ml, Ceftazidime: 4 ug/ml, 8
ug/ml, 16 ug/ml, Meropenem: 1ug/ml, 2 ug/ml, 3
ug/ml, Tobramycin: 0.5 ug/ml, 1ug/ml, 2 ug/ml).
The antibiotic-treated culture was serial diluted
10" to 107 and plated. The plates were incubated
at 37°C overnight. CFUs and MBC established for
each plate.
Eradication assay and biofilm inhibition

The biofilm inhibitory assay carried out in
microplates.'* 4 pl bacterial suspension from 1: 100
overnight culture and 196 pl TSB were dispensed
per well in a 96-well microplate and exposed to
different concentrations of the 4 antibiotics. After
overnight incubation at 37°C, biofilm biomass was
determined by a plate reader after CV staining
and dissolved with acetic acid at 540 nm. For
biofilm eradication, 100 ul bacterial suspension
from 1:100 overnight culture was dispensed per
well in microplates. After static incubation at 37°C
overnight, the supernatants were removed, and
the wells treated with the various concentrations
of the antibiotics. The plates were incubated for
overnight at 37°C and biofilm biomass determined
as previously described.

:
!

Fig. 2. Antibiotics disc susceptibility assay on pseudomonas aeruginosa planktonic cells (2a) and biofilm (2b)

(Scale added to measure the zone of inhibition)
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RESULTS
Optimization of biofilm growth media

When glucose and casamino acid was
replaced with arginine as a sole carbon and energy
source, more robust biofilm production was noted
(Fig 1a). It was found that arginine supplemented
M63 media showed 3.5 folds increase in P.
aeruginosa biofilm production capacity compare
to glucose and casamino supplemented M63
media (Fig 1b). Arginine supplemented M63
media can be recommended to produce robust
P. aeruginosa biofilm compared to casamino
supplemented M63 media.

The planktonic cells of P. aeruginosa
showed most sensitive to meropenem followed

by piperacillin, ofloxacin, tobramycin and
ceftazidime. The planktonic cells did not show
complete resistance to any of the antibiotic tested
(Fig 2a). Whereas the overnight grown P. aeruginosa
showed maximum sensitivity to ofloxacin
followed by tobramycin and meropenem, and
complete resistant to ceftazidime and piperacillin
(Fig. 2b). As hypothesized, P. aeruginosa plates
after 24 hours might have started producing
biofilms making difficult for these antibiotics to
penetrate to kill the bacteria.
Effect of different antibiotics on Pseudomonas
aeruginosa biofilm inhibition and eradication
Pseudomonas aeruginosa showed dose
dependent sensitivity to OFLX, MEM, TOB and
resistance to CAZ in inhibition phase (Fig. 3a).

Inhibition
0.9
- cAz
’ MEM
0.7 T T OFLX
0 6 I | i TOB
E o T Linear (MEM)
S o
= N e Linear (OFLX)
9 04
£2
<
0.3
0.2
0.1 ; f
— e G |
i . -
8 16 32 64 128
Concentration (mcg/mL)
Eradication
1 CAZ
08 MEM
OFLX
Y o6
£ TOB
'.'é 0.4 Linear (MEM)
.é‘ 0.2 Linear (OFLX)
0
0.2

Concentration (mcg/mL)

Fig. 3. Antibiotic activity of different antibiotics on PAO1. The effects of antibiotics on biofilm inhibition (n = 6)
where the antibiotic is applied at the time of inoculation (a) and biofilm eradication (n = 6) where the antibiotic is
applied after mature biofilm formation (b) at various concentrations. The absorbance of 540 nm (A540 nm) was

utilized for data collection of residual biofilms
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P. aeruginosa exhibited a significant resistance  higher concentration of tobramycin, (32ug/ml).
to all antibiotics except for ofloxacin during  The highest level of resistance observed for CAZ,
eradication phase. In eradication phase, and TOB at lower concentrations, respectively
P. aeruginosa biofilms displayed sensitivity at  during eradication phase (Fig 3b).
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Fig. 4. Biofilm forming capacity (n=6) of P. aeruginosa against different concentration of CAZ (a), MEM (b), TOB (c)
and OFLX (d) during inhibition and eradication phase. The data collection are performed at absorbance 540 nm

DISCUSSION

Pseudomonas aeruginosa infection is
one of the significant threats among acutely ill
and immunocompromised patients in healthcare
centers. The strain PAO1 is a clinical isolate that has
been turned into a laboratory strain. The genome
sequence for the strain is publicly available and
an ordered transposon mutant library is also
available, making it very amenable to study.'®

Arginine is known to stimulate a
more robust biofilm in PA01.” Our arginine
supplemented M63 media showed 3.5 folds
increase in P. aeruginosa biofilm growth compared
to glucose and casamino supplemented M63
media. The planktonic cells of Pseudomonas
aeruginosa showed highest susceptibility to MEM
then OFLX, TOB and CAZ. Whereas, P. aeruginosa
24 hours mature biofilm demonstrated resistance
to CAZ, minimal sensitivity to TOB and MEM; and
absolute sensitivity to OFLX.

Remarkably, the MIC and MBC
concentrations for OFLX, CAZ, and TOB were the
same (2 ug/ml, 4 ug/ml, 2 ug/ml respectively),
whereas MEM showed MIC 1ug/mland MBC 3ug/
ml.

Dose dependent sensitivity to MEM,
TOB and OFLX, and CAZ in inhibition phase
was observed. Significant level of resistance to
tobramycin (till 128 ug/ml), OFLX and CAZ was
established in the eradication phase. Again,
P. aeruginosa biofilm was sensitive at higher
concentration of MEM, (32ug/ml) during the

eradication phase. A recent study indicated that
PA resistance to carbapenems are contributed to
processes such as production of carbapenemase,
efflux pumps.*®

Biofilm formation is time dependent.
The results show that less concentration of the
same antibiotic is needed to treat an early P.
aeruginosa infection compared to the 24-hour
mature infection. For the treatment of severe
P. aeruginosa infections in critically ill patients,
administering proper antibiotic regimen empirically
and earlier has presented positive outcomes and
it may assist in decreasing mortality.'® The results
obtained indicates that Pseudomonas aeruginosa
strain PAO1 is resistant to ceftazidime in biofilm
phase and as planktonic bacteria. Importantly,
ofloxacin showed the most effectiveness even
at lower concentrations when compared with
other antibiotics, whereas tobramycin was most
effective at higher concentrations for eradicating
and inhibiting PA biofilms. However, the side
effects incidents could increase when higher
concentrations of antibiotics are administered. In
a recent study, it was concluded that PA biofilms
will not be eradicated with low dose tobramycin. *°
Overall, ofloxacin is the most preferred antibiotic
for both eradication and inhibition of PA biofilms.
Pseudomonas aeruginosa strain PAO1 biofilms
exhibited least eradication with ceftazidime at all
the concentrations.

Even though wild-type strain of PA is still
found to be susceptible to ceftazidime, AmpC
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overexpression with or without point mutation
may decrease the susceptibility to B-lactams with
exception of carbapenems. This might be the
reason why in the eradication experiment, as the
concentration of ceftazidime was increasing, AmpC
was overexpressed exhibiting the resistance.'??°
Tobramycin has shown a similar effect in both the
inhibition and eradication experiments, (Fig 3aand
3b as well as (Fig. 3a and 3b as well Fig 4c), though
as the antibiotic concentration increases, the
resistance decreases. In our study, ofloxacin was
determined to be the most consistent best option
for treating P. aeruginosa infection as shown in
Fig 3a and 3b and Fig 4d.

Clinicians are now shifting to newer
combination antibiotic therapies to treat resistant
strains of P. aeruginosa such as ceftolozane/
tazobactam, ceftazidime/avibactam, etc. Recent
study indicates that the continuous infusion of
ceftolozane/tazobactam may prove to be effective
and safe to treat infections caused by PA in the
outpatient settings.?* Evaluation of safety and
efficiency of these novel drug combinations
require additional data from research study.

CONCLUSION

This study shows that Pseudomonas
aeruginosa strain PAQ1 is resistant to ceftazidime in
planktonic and biofilm state. Itis also demonstrated
here that PAO1 biofilm formation and eradication
was inhibited by ofloxacin. Tobramycin is most
effective at higher concentrations for both
inhibition and eradication of PA biofilms. Further
genomic experiments will be warranted to identify
genes that are overexpressed or suppressed during
the antibiotics treatment to understand PAO1
biofilm resistance to ceftazidime.
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