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ABSTRACT The failure of antibiotic therapy in respiratory tract infections in cystic fi-
brosis is partly due to the high tolerance observed in Pseudomonas aeruginosa bio-
films. This tolerance is mediated by changes in bacterial metabolism linked to growth
in biofilms, opening up potential avenues for novel treatment approaches based on
modulating metabolism. The goal of the present study was to identify carbon sources
that increase the inhibiting and/or eradicating activity of tobramycin, ciprofloxacin,
and ceftazidime against P. aeruginosa PAO1 biofilms grown in a synthetic cystic fibro-
sis sputum medium (SCFM2) and to elucidate their mode of action. After screening 69
carbon sources, several combinations of antibiotics 1 carbon sources that showed
markedly higher anti-biofilm activity than antibiotics alone were identified. D,L-malic
acid and sodium acetate could potentiate both biofilm inhibiting and eradicating ac-
tivity of ciprofloxacin and ceftazidime, respectively, while citric acid could only potenti-
ate biofilm inhibitory activity of tobramycin. The mechanisms underlying the increased
biofilm eradicating activity of combinations ciprofloxacin/D,L-malic acid and ceftazi-
dime/sodium acetate are similar but not identical. Potentiation of ceftazidime activity
by sodium acetate was linked to increased metabolic activity, a functional TCA cycle,
increased ROS production, and high intracellular pH, whereas the latter was not
required for D,L-malic acid potentiation of ciprofloxacin. Finally, our results indicate
that the potentiation of antibiotic activity by carbon sources is strain dependent.
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Treatment of bacterial infections has become challenging as microbial susceptibility
to antibiotics has been eroded by increasing levels of resistance as well as by toler-

ance associated with biofilm formation (1–3). This is particularly relevant for people with
cystic fibrosis (CF) who are at an increased risk for biofilm-associated respiratory tract
infections (4–6). Pseudomonas aeruginosa is the most important pulmonary pathogen in
CF and contributes significantly to morbidity and mortality (7, 8). Approximately 53% of
children with CF younger than 5 years old are already infected with P. aeruginosa (9, 10),
and this increases to 75% in adult CF patients (11, 12).

There is increasing evidence that metabolic activity plays an important role in the anti-
microbial susceptibility of bacteria (13), and while searching for innovative treatments for P.
aeruginosa infections in CF patients, several studies have investigated the use of particular
carbon sources to potentiate antibiotic activity. For example, mannitol increased tobramy-
cin sensitivity of P. aeruginosa persister cells up to 1,000-fold (14), while glucose, mannitol,
acetate, fumarate, succinate, a-ketoglutarate, pyruvate, and gluconate increased the effi-
cacy of tobramycin against stationary-phase P. aeruginosa cells (15). Fumarate potentiated
the activity of tobramycin, allowing complete eradication of P. aeruginosa biofilms (16).

The role of metabolism in antibiotic activity has also been investigated in other
organisms. Fructose was reported to sensitize Edwardsiella tarda persisters and biofilms
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through activating the tricarboxylic acid (TCA) cycle, which increased NADPH produc-
tion, the proton motive force (PMF), and kanamycin uptake (17). In biofilms formed by
Burkholderia cepacia complex (Bcc) bacteria, persister cells that survived treatment with
very high tobramycin concentrations downregulated the TCA cycle to avoid the pro-
duction of reactive oxygen species (ROS) and at the same time activated an alternative
pathway, the glyoxylate shunt (18).

In the present study we performed a large-scale screening for carbon sources that
could potentiate the activity of antibiotics belonging to different classes against P. aer-
uginosa biofilms formed in synthetic cystic fibrosis sputum medium 2 (SCFM2), a
defined medium mimicking several essential aspects of CF sputum (19–21). For the
most promising combinations, we investigated the mechanism behind the potentiat-
ing activity.

RESULTS AND DISCUSSION
Screening of carbon sources for potentiating biofilm inhibition by antibiotics.

Based on previous studies about potentiating antibiotic activity by adding carbon
sources (16, 22–24), we compiled a list of 69 carbon sources from different classes and
determined their potentiating activity against P. aeruginosa PAO1 biofilms. First, we
confirmed that P. aeruginosa PAO1 formed biofilm aggregates in SCFM2 in the condi-
tions used in the present study; after 24 h densities had reached approximately
3.2 � 109 CFU/ml and aggregates could be observed (Fig. S1). The MBIC, defined as the
lowest concentration of antibiotic inhibiting biofilm growth by at least 90%, of tobra-
mycin, ciprofloxacin, and ceftazidime for P. aeruginosa PAO1 in SCFM2 was 5.0, 0.6, and
3.13 mg/mL, respectively.

We subsequently evaluated the effect of 69 carbon sources on the antimicrobial ac-
tivity of these three antibiotics (used in a concentration of 0.5 � MBIC) against P. aeru-
ginosa PAO1 biofilms (Fig. S2 to S7). Overall, there were considerable differences
between carbon sources (e.g., most of the amino acids stimulated biofilm formation of
P. aeruginosa PAO1 in the presence of the three antibiotics while L-serine and L-gluta-
mine inhibited the biofilm formation) and between antibiotics (e.g., activity of ceftazi-
dime but not tobramycin or ciprofloxacin is potentiated by D,L-malic acid). Several com-
binations caused an additional reduction of at least 30% in the log value of the
number of CFU compared to treatment with the antibiotic alone. These carbon sources
include 4-methoxycarbonylphenylboronic acid, citric acid, D-(1)-glucosamine hydro-
chloride, and sodium acetate for tobramycin; D,L-malic acid and sodium succinate diba-
sic hexahydrate for ciprofloxacin; and D-(-)-iso ascorbic acid, sodium acetate and D-ser-
ine for ceftazidime.

The combinations tobramycin/citric acid, ciprofloxacin/D,L-malic acid, and ceftazi-
dime/sodium acetate were selected for more in-depth studies. These carbon sources led
to an additional biofilm inhibition of 3.5 log units (tobramycin/citric acid), 1.8 log units
(ciprofloxacin/D,L-malic acid), and 2.5 log units (ceftazidime/sodium acetate) (Fig. 1). In
order to confirm that the increased biofilm inhibition was due to potentiation of the
antibiotic activity and not due to an antimicrobial effect of the carbon source itself,
P. aeruginosa PAO1 biofilm formation was also determined in SCFM2 supplemented with
the carbon source alone; no effect could be observed (Fig. S8). In addition, as the pH of
the supplemented media was adjusted to 6.8 prior to all experiments, pH-related effects
on biofilm formation can be ruled out.

Checkerboard assays with the most effective combinations to assess biofilm
eradication. We conducted a checkerboard assay on 24 h old P. aeruginosa PAO1 bio-
films to assess whether effective combinations of carbon source and antibiotic can be
found that result in more efficient biofilm eradication. The combination 60 mM D,L-
malic acid and 1.2 mg/ml ciprofloxacin significantly reduced the number of CFU from
6.86 to 5.28 log CFU (P , 0.0001) (Fig. 2A). Meanwhile, 60 mM sodium acetate signifi-
cantly reduced the log CFU of biofilms treated with 12.48 mg/ml ceftazidime from 8.40
to 7.70 (P , 0.05). Similarly, the combination of 120 mM sodium acetate with 6.24 or
12.48 mg/ml ceftazidime significantly reduced the log CFU from 8.36 and 8.40 to 7.26
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(P , 0.01) and 6.76 (P , 0.001), respectively (Fig. 2B). For the combination of tobramy-
cin/citric acid no effective concentrations were found that eradicate 24 h old P. aerugi-
nosa PAO1 biofilms in SCFM2 (Fig. S9). For subsequent experiments, the combinations
of 12.48 mg/ml ceftazidime/120 mM sodium acetate and 1.2 mg/ml ciprofloxacin/
60 mM D,L-malic acid were used.

Addition of carbon sources increase metabolic activity of P. aeruginosa PAO1
biofilms. To assess the effect of adding carbon sources on metabolism during biofilm
eradication, we used isothermal microcalorimetry. Both 120 mM sodium acetate and
60 mM D,L-malic acid significantly increased the maximum metabolic rate of P. aeruginosa
PAO1 biofilms (Fig. 3). Maximum metabolic rates of P. aeruginosa PAO1 biofilms treated
with combination of ceftazidime/sodium acetate or ciprofloxacin/D,L-malic acid were signif-
icantly higher than biofilms treated with antibiotic alone (Fig. 3). Downregulation of me-
tabolism has previously been observed as a strategy to increase antimicrobial tolerance in
bacteria like Mycobacterium tuberculosis (25) and Bcc bacteria (18), and we propose that
the increased metabolic activity observed contributes to reduced bacterial tolerance, and
more killing in P. aeruginosa PAO1 biofilms. A systematic investigation of the influence of
carbon sources with varying degrees of potentiating activity on these metabolic parame-
ters would be required to confirm this hypothesis.

Contribution of SDH, PMF and intracellular pH to the potentiation of biofilm
eradicating activity. Recent studies have shown that potentiation of antimicrobial ac-
tivity by adding carbon source is mainly due to increased respiration, and especially
increased TCA cycle activity has been linked to increased antibiotic activity (26, 27). To
investigate the mechanism underlying the carbon source potentiation of antibiotics in
biofilm eradication, the anti-biofilm effect of the antibiotic alone and the combination
was investigated in the presence of a SDH inhibitor, a PMF uncoupler, and the K1 iono-
phore nigericin combined with excess K1.

SDH is responsible for the oxidation of succinate to fumarate in the TCA cycle thereby
generating FADH2 (28). Our results show that when ciprofloxacin or ceftazidime were
used alone, SDH inhibition increased their antimicrobial activity (P, 0.0001 for ciproflox-
acin, P , 0.001 for ceftazidime, Fig. 4A). However, SDH inhibition decreased the antimi-
crobial activity of the combination of ciprofloxacin and D,L-malic acid (P , 0.001).
Similarly, SDH inhibition decreased the antimicrobial activity of the combination of

FIG 1 Effect of the selected carbon sources on P. aeruginosa PAO1 biofilm inhibition in SCFM2 by
2.5 mg/mL tobramycin, 0.3 mg/mL ciprofloxacin and 1.56 mg/mL ceftazidime. Values shown are the
mean (n $ 3). Error bars indicate standard error. *, P , 0.05; **, P , 0.01; ***, P , 0.001.
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ceftazidime and sodium acetate (P = 0.001) as well. These data suggest that SDH contrib-
utes to the potentiating effect of D,L-malic acid on ciprofloxacin and that of sodium ace-
tate on ceftazidime. These data further suggest that a functional TCA cycle was necessary
for the potentiation effect of both D,L-malic acid and sodium acetate.

FIG 3 Maximum metabolic rate of treated and untreated (control) P. aeruginosa PAO1 biofilms. (A)
MA: 60 mM D,L-malic acid; CIP: 1.2 mg/ml ciprofloxacin; MA-CIP: 60 mM D,L-malic acid combined with
1.2 mg/ml ciprofloxacin. (B) SA: 120 mM sodium acetate; CAZ: 12.48 mg/ml ceftazidime; SA-CAZ:
combination of 120 mM sodium acetate and 12.48 mg/ml ceftazidime. Values shown are the mean
(n $ 3). Error bars indicate standard error, **, P , 0.01; ***, P , 0.001.

FIG 2 Effect of different combinations of (A) ciprofloxacin/D,L-malic acid and (B) ceftazidime/sodium
acetate on eradication of P. aeruginosa PAO1 biofilms. Values shown are the mean (n $ 3). Error bars
indicate standard error. *, P , 0.05; **, P , 0.01; ***, P , 0.001; ****, P , 0.0001.
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The PMF uncoupler CCCP had no effect on the biofilm eradicating activity of antibi-
otics alone or combinations of antibiotic 1 carbon source, suggesting that the PMF is
not involved in the potentiating activity (Fig. 4B).

Finally, equalizing the intra- and extracellular pH levels by adding nigericin and
excess K1 led to a loss of potentiating activity for sodium acetate in the combination
ceftazidime/sodium acetate, without affecting the potentiating effect of D,L-malic acid
in the combination ciprofloxacin/D,L-malic acid (Fig. 4C). Nigericin transports K1 across
biological membranes (in exchange for H1), leading to a decrease in intracellular K1

concentration and an increased intracellular H1 concentration (29, 30), and the
decreased intracellular pH caused by nigericin/excess K1 was (at least partially) respon-
sible for the loss of potentiating activity for sodium acetate in the combination ceftazi-
dime/sodium acetate.

Collectively, these data indicate that sodium acetate potentiation of ceftazidime
requires a fully functional TCA cycle and high intracellular pH, while the latter is not
required for D,L-malic acid potentiation of ciprofloxacin.

Role of ROS production in the potentiation of biofilm eradicating activity.
Production of ROS is an important mediator in killing bacteria by bactericidal antibiot-
ics (31–34). ROS production was quantified by measuring fluorescence that resulted
from H2DCFDA (Fig. 5). While fluorescence reached similar maximum levels for all
treatments, the shape of the curves was markedly different between ceftazidime and
ceftazidime 1 sodium acetate, with the latter curve reaching maximum fluorescence
much earlier. The curves for ciprofloxacin and ciprofloxacin 1 D,L-malic acid were virtu-
ally identical. These data suggest that increased ROS production at earlier stages

FIG 4 Evaluation of the role of SDH, PMF and intracellular pH on the potentiating effect of additional
carbon source on antibiotic during eradication of P. aeruginosa PAO1 biofilms. 24-h-old-biofilm
growth treated by antibiotic (or not) in SCFM2 supplemented with or without additional carbon
source in the presence or absence of (A) the SDH inhibitor TTFA, (B) the proton motive force
disruptor CCCP, (C) the K1 ionophore nigericin and excess levels of K1. MA: 60 mM D,L-malic acid; CIP:
1.2 mg/ml ciprofloxacin; MA-CIP: 60 mM D,L-malic acid combined with 1.2 mg/ml ciprofloxacin; SA:
120 mM sodium acetate; CAZ: 12.48 mg/ml ceftazidime; SA-CAZ: combination of 120 mM sodium
acetate and 12.48 mg/ml ceftazidime. Values shown are the mean (n $ 3). Error bars indicate
standard error, **, P , 0.01; ***, P # 0.001; ****, P , 0.0001.
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during ceftazidime 1 sodium acetate (but not ciprofloxacin1 D,L-malic acid) treatment
could help explain the observed potentiation.

Biofilm eradication of selected combinations on other P. aeruginosa strains.
Finally, we assessed potentiation of the biofilm eradicating activity of ciprofloxacin and
ceftazidime by D,L-malic acid and sodium acetate in biofilms formed by other P. aerugi-
nosa strains, i.e., LES B58, AA2, AA44, and DK2 (Fig. 6). However, no significant differences
were observed between LES B58, AA2, or AA44 biofilms treated with antibiotic alone or
the combination. For P. aeruginosa DK2 biofilms, addition of 60 mM malic acid increased
biofilm eradication by 1.2 mg/ml ciprofloxacin (1.1 log units), but this difference was not
significant (P = 0.258). In previous work it had already been observed that the potentiat-
ing effect of mannitol on tobramycin activity against biofilms could be observed in P.
aeruginosa strains PAO1 and FRD1, but not in strain 18 A, another strain isolated from a
CF patient (14). These data suggest that potentiation of the biofilm eradicating activity

FIG 5 ROS-induced fluorescence in P. aeruginosa PAO1 biofilms. (A) Fluorescence generated over time. (B)
Fluorescence at 24 h and 45 h. CIP: 1.2 mg/ml ciprofloxacin; MA-CIP: 60 mM D,L-malic acid combine with
1.2 mg/ml ciprofloxacin; CAZ: 12.48 mg/ml ceftazidime; SA-CAZ: combination of 120 mM sodium acetate and
12.48 mg/ml ceftazidime. Values shown are the mean (n = 3). Error bars indicate standard error, **, P , 0.01.

FIG 6 Eradication of biofilms formed by P. aeruginosa strains LES B58, AA2, AA44, and DK2. Control:
no carbon source, no antibiotic; MA: 60 mM D,L-malic acid; CIP: 1.2 mg/ml ciprofloxacin; MA-CIP:
60 mM D,L-malic acid 1 1.2 mg/ml ciprofloxacin; SA: 120 mM sodium acetate; CAZ: 12.48 mg/ml
ceftazidime; SA-CAZ: 120 mM sodium acetate 1 12.48 mg/ml ceftazidime. Values shown are the mean
(n = 3). Error bars indicate standard error.
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of antibiotics is strain dependent, and it remains to be seen whether more active combi-
nations can be identified for these strains. The mechanisms behind the observed strain-
dependent effects are currently unclear. Our observations again highlight the need of
using relevant strains when evaluating novel antimicrobial treatments.

Our results show that several carbon sources, mainly organic acids and organic acid
salts, can potentiate the biofilm inhibiting and/or eradicating activity of several antibi-
otics against P. aeruginosa PAO1 biofilms grown in SCFM2. D,L-malic acid and sodium
acetate potentiated both biofilm inhibiting and eradicating activity of ciprofloxacin
and ceftazidime, respectively, while citric acid only potentiated biofilm inhibitory activ-
ity of tobramycin. We found that the mechanisms behind the increased activity behind
the combinations of ceftazidime/sodium acetate and ciprofloxacin/D,L-malic acid are
distinct. A functional TCA cycle, high intracellular pH, and increased ROS production
played a role in the combination ceftazidime/sodium acetate, whereas D,L-malic acid
potentiation of ciprofloxacin mainly relied on increased metabolic activity and TCA
cycle activity. Our data indicate that the potentiation of anti-biofilm activity of antibiot-
ics by carbon sources is strain dependent; whether a better coverage could be
obtained by simultaneously combining antibiotics with different carbon sources
remains to be investigated.

MATERIALS ANDMETHODS
Bacterial strains and growth conditions. Overnight cultures P. aeruginosa PAO1, LES B58, AA2,

AA44. and DK2 (35) were routinely prepared by inoculating from 280°C frozen stock into Luria Bertani
broth (LB; Lab M, Moss Hall, UK). Pure cultures and serially 10-fold diluted P. aeruginosa solutions were
cultured on tryptic soy agar (TSA; Lab M, Moss Hall, UK).

Chemicals. Carbon sources used and their suppliers are listed in Table S1. Ciprofloxacin, 4,4,4-tri-
fluoro-1-(2-thienyl)-1,3-butanedione (TTFA), carbonyl cyanide 3-chlorophenylhydrazone (CCCP), 29,79-
dichlorodihydrofluorescein diacetate (H2DCFDA), and hydrogen peroxide solution were obtained from
Sigma-Aldrich (Bornem, Belgium). Tobramycin and ceftazidime were obtained from TCI Europe
(Zwijndrecht, Belgium). Nigericin and KCl were obtained from Thermo Fischer Scientific (Waltham, USA)
and VWR Chemicals (Leuven, Belgium), respectively.

Biofilm formation in SCFM2. SCFM2 was prepared as described previously with minor modifica-
tions (20). Briefly, mucin was autoclaved at 121°C for 20 min prior to adding buffered base instead of
being sterilized by UV. The final pH value of SCFM2 was adjusted to 6.8 using NaOH (1 M solution)
before use. The optical density at 590 nm (OD590) of a P. aeruginosa overnight culture was measured in
LB broth and diluted in SCFM2 to a density of approximately 5 � 105 CFU/mL, i.e., CFU/mL. Two hundred
ml of the diluted cultures in SCFM2 was transferred to a flat-bottomed 96-well plate. After 0 h, 1 h, 2 h, 4
h, 6 h, 12 h, 24 h, 48 h, and 72 h of incubation at 37°C, the entire content of the well was removed and
the number of CFU in the biofilms were quantified by making a 10-fold serial dilution series and plating
(36). All experiments were performed in biological triplicates (with three technical replicates in each bio-
logical replicate, i.e., n = 3 � 3). Formation of biofilm aggregates was confirmed by light microscopy af-
ter transferring 10 ml to a microscope slide (EVOS FL Auto Cell Imaging System, Thermo Fischer
Scientific, Waltham, USA).

Determination of minimum biofilm inhibitory concentration (MBIC). The MBICs of tobramycin,
ciprofloxacin, and ceftazidime in SCFM2 were determined by plate counts. Twofold dilution series of anti-
biotics were prepared in SCFM2. Concentrations tested ranged from 0.125 to 32mg/mL (tobramycin), from
0.125 to 128 mg/mL (ciprofloxacin) and from 0.125 to 256mg/mL (ceftazidime). An P. aeruginosa overnight
culture was diluted in SCFM2 to prepare an inoculum suspension containing approximately 5 � 105 CFU/
mL. This suspension was added to flat bottom 96-well plates (100 ml/well) together with serial antibiotic
dilutions (100ml/well) and was incubated at 37°C for 24 h. The MBIC was defined as the lowest concentra-
tion of antibiotic that inhibited biofilm growth by at least 90% compared to the untreated control (37). All
experiments were performed in biological triplicates (with three technical replicates in each biological rep-
licate, i.e., n = 3 � 3).

Screening of carbon sources for potentiating the biofilm inhibitory activity of antibiotics. The
effect of 69 different carbon sources (Table S1) on the potentiation of antibiotic activity during P. aerugi-
nosa PAO1 biofilm formation was evaluated by exposing the diluted P. aeruginosa PAO1 overnight cul-
ture (approximately 5 � 105 CFU/mL) to 0.5 � MBIC of each antibiotic either alone or together with an
additional carbon source (delivering 60 mM carbon) in SCFM2 (15). The concentration of 0.5 � MBIC of
each antibiotic was used as it has an effect on growth of P. aeruginosa in biofilm aggregates without
completely inhibiting it, allowing to identify carbon sources that potentiated the effect of the antibiotic.
Following 24 h of incubation at 37°C, plate counting was used to determine the number of CFU. Each
antibiotic/carbon source combination was tested in technical triplicates.

Identification of effective combinations for biofilm eradication. In order to determine whether a
selection of carbon sources could increase the biofilm eradicating activity, antibiotics checkerboard
assays were conducted. We challenged 24 h old P. aeruginosa PAO1 biofilms (grown in SCFM2 as
described above) with different antibiotics and the previously selected carbon sources, including citric
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acid, D,L- malic acid and sodium acetate, in concentrations normalized to deliver 0, 15, 30, 60, 120, and
240 mM carbon, in SCFM2. Concentrations of tobramycin, ciprofloxacin, and ceftazidime ranged from
0.625 to 40 mg/mL, from 0.075 to 2.4 mg/mL and from 0.195 to 24.96 mg/mL, respectively in 2-fold con-
centration gradients. After an additional 24 h of incubation at 37°C, cells were harvested after vortexing
and sonicating (2 times, 5 min for each), and the number of CFU was determined by plating.
Combinations were considered effective if they reduced the number of CFU by more than 90% com-
pared to eradication obtained with the antibiotic alone.

Characterization of metabolic activity with isothermal microcalorimetry. To measure the heat
generated by the metabolic activity in biofilms, the calScreener microcalorimeter (Symcel, Stockholm,
Sweden) was used. Biofilms were grown in plastic inserts that fit in the titanium cups of the calScreener
and subsequently exposed to various combinations of carbon source and antibiotic. After starting the
treatment, the plastic inserts were transferred into the titanium cups, which were placed in a 48-well
plate and inserted in the instrument. The heat flow was measured at 37°C for 48 h and the resulting
data were analyzed using the CalView software (Symcel).

Evaluation of the role of succinate dehydrogenase (SDH), the proton motive force (PMF),
intracellular pH, and ROS production in potentiation of antibiotic activity. To evaluate the role of
SDH in the potentiating activity of selected carbon sources, biofilm eradication experiments were carried
out as described above, but in the presence of 250 nM TTFA, an inhibitor of SDH (18). To confirm contribu-
tion of the PMF in potentiation of biofilm eradicating activity, 100 mM the proton ionophore uncoupler
CCCP was added (29). To explore the importance of intracellular pH in potentiation of biofilm eradicating
activity, the potassium ionophore nigericin (10mM) and excess K1 (150 mM) were used, which are known to
equilibrate intracellular and extracellular pH (29). Briefly, 24 h old biofilms were treated by the selected com-
binations and TTFA, CCCP, or nigericin/excess K1 for 24 h. The number of CFU was determined by plating.

ROS production was measured by staining with fluorescent reporter dye H2DCFDA (38). In ev-
ery experiment the pH value was adjusted to 6.8 to avoid pH-related effects on the fluorescence
of H2DCFDA. After 45 min staining by H2DCFDA (10 mM, 37°C, in the dark), 24 h old biofilms were
washed with 0.9% NaCl and treated with 3% H2O2 (control), antibiotic alone, or selected antibiotic/carbon
source combinations at 37°C. Fluorescence (lexc= 485 nm, lem= 535 nm) was determined using an Envision
multilabel plate reader (Perkin Elmer, Waltham, MA, USA) at 37°C for 45 h. Autofluorescence of cells cultured
without staining and uninoculated SCFM2 were taken into consideration when calculating the fluorescence.
All experiments described above were performed in biological triplicates (with three technical replicates in
each biological replicate, i.e., n = 3� 3).

Biofilm eradication of selected combinations on P. aeruginosa clinically relevant strains. The an-
tibiotic potentiating activity of the selected carbon sources on the biofilm eradication of other P. aerugi-
nosa strains was studied, including LES B58, AA2, AA44, and DK2. The same method as described above
was used and all experiments were performed in biological triplicates (with three technical replicates in
each biological replicate, i.e., n = 3 � 3).

Statistical analysis. Statistical analysis was performed using SPSS statistical software version 27
(IBM, New York, USA). The normal distribution of the data was verified by the Shapiro-Wilk test. When
the data were normally distributed, an independent sample t test or one-way ANOVA with Bonferroni
correction was used to analyze the data. Data that were not normally distributed were analyzed by a
Mann-Whitney test.

SUPPLEMENTAL MATERIAL
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