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ABSTRACT 
Most chronic infectious which are recalcitrant to antibiotic therapy are due to bacterial biofilms. 
Studies have reported the presence of phenotypic variants within the biofilms, resistant to high 
concentration of antibiotics. Here, we aim at studying the influence of antibiotics on isolates of 
Pseudomonas. Pseudomonas is an opportunistic pathogen and causes infection ranging from 
acute to chronic in immune compromised, cystic fibrosis and also medical device related 
infections. Disc diffusion assay was performed to assess the antibiotic sensitivity of the isolates. 
Dynamics of biofilm formation was studied by crystal violet assay in the presence and absence 
of antibiotics to assay the biofilm forming ability of the isolates. Congo red binding assay was 
used to quantify the mucous producing ability of the isolates. Our results demonstrate : (1) 
biofilm forming ability of clinical isolates are escalated in presence of sub inhibitory 
concentration of antibiotics and (2) amongst the clinical strains the mucous producing strains 
produced biofilms that are more resistant to antimicrobials . In conclusion, we demonstrate the 
importance of biofilm formation in the clinical scenario as they are one of the prime reasons for 
antibiotic resistance and persistent infections. 
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INTRODUCTION 
Biofilms are a complex aggregate of bacteria 
surrounded by a self-produced extracellular shell 
containing polysaccharide, protein and DNA.1 
Statistics suggest that 65% of the hospital 
acquired infections are due to biofilms. 2 Biofilm 
formation has been implicated in various 
infections like urinary tract infections, dental 
plaques, endocarditis and infections of 
indwelling medical devices. 
Some of the key features of biofilms which 
makes it important in the clinical scenario are 
their increased ability to resist antimicrobials. 
They resist antibiotics at concentrations 10 – 
1000 times that is needed to kill planktonic cells. 
Such high resistance makes it impossible to 
completely remove the pathogenic agent. It has 
been demonstrated in certain studies that sub-
inhibitory concentrations of antibiotics could 
inhibit biofilm formation by Pseudomonas in 
cystic fibrosis patients. 3 Contradicting this 
certain other studies have concluded that certain 
antibiotic at sub-inhibitory concentration could 

augment biofilm formation in vitro.4 This in a 
clinical scenario could happen during either the 
beginning or at the end of the therapy. At the 
same time it is also quite obvious that the cells 
buried deep inside the biofilm, which are 
metabolically less inactive are also exposed to 
sub-inhibitory concentrations of antibiotics. A 
biphasic dose response relationship is observed 
where low doses of antibiotics induce biofilm 
formation and at higher doses inhibit the same. 
Most of the studies demonstrated that maximum 
biofilm production occurred at ½ MIC 
concentrations of most of the antibiotics. There 
has been a widespread use of antibiotics in the 
agriculture industry as growth promoters which 
can further worsen the situation. 
Pseudomonas has certain properties that make 
them intrinsically resistant to antibiotics. Some of 
the key factors responsible are cell wall with low 
permeability, wide repertoire of resistance 
mechanism, acquired resistance through 
plasmids, transposons and bacteriophages. 5 
Pseudomonas has the ability to adapt to any 
changes in the environment. Around 1500 genes 
are needed for the bacteria to grow and divide in *Author for correspondence 
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minimal salt medium. Most of which are 
enzymes and structural protein coding genes. 
Perhaps this explains the versatile adaptability of 
Pseudomonas in nutritionally versatile 
conditions. The acquisition of adaptive 
phenotypes of Pseudomonas is based on loss - of 
- function mutation of specific genes.6 
Studies on the effect of hypoxia induced 
antibiotic resistance demonstrated an increase in 
multi - drug resistance in clinical isolates of 
Pseudomonas. Therefore the study suggest that 
micro-environmental hypoxia in the site of 
infection is a significant contributor to 
development of antibiotic resistance.7  This 
becomes significant during the development of 
antibiotic resistant biofilms. The exopolysac-
charide coating on the biofilms prevent 
penetration of the antibiotics. They are also 
capable of deactivating the antibiotics. Antibiotic 
resistance also develops due to their ability to 
modify the target molecules of the antibiotics. 
Cell wall synthesis inhibitors and protein 
synthesis inhibitors are the most common group 
of antibiotics used in clinics. Gentamicin is an 
aminoglycoside that is frequently used. 
Ceftazidime a third generation cephalosporin has 
been used to treat Pseudomonas infection in 
Cystic fibrosis patients.8 In this study, the role of 
antibiotics on biofilms formation by Pseudom-
onas and the efficiency of two different 
methodologies Crystal violet assay and Congo 
red binding assay for quantifying biofilms 
production is being looked at. For this purpose 
Pseudomonas clinical isolates, environmental 
isolate and ATCC reference strain 27853 was 
used. 

MATERIAL AND METHODS 
Isolates and culturing conditions 
Pseudomonas clinical isolates (S18, S373, 
S253, S277, S241, S268), environmental 
isolate (EV1) and ATCC strain 27853 were 
used for the study. All strains were cultured in 
Tryptone Soya Broth (TSB). Except the 
environmental isolate all other isolates were 
incubated at 37°C and the environmental 
isolate was incubated at room temperature. 
These conditions were followed throughout the 
protocols unless specifically stated otherwise. 
Antibiotic sensitivity profile 
Antimicrobial susceptibility profiles of the 
isolates against commonly used antibiotics in 

clinical practice were analyzed in vitro by Kirby 
– Bauer disc diffusion method. Commercially 
available antibiotic discs (HiMedia Labs, India) 
were used for antibiotic susceptibility testing. 
The antibiotic discs used were : Amikacin 
(30mcg), Ceftazidime (30mcg), Chloramph-
enicol (30mcg), Gentamicin (10mcg) and 
Norfloxacin (10mcg). Pseudomonas isolates at 
0.5 McFarland’s standard turbidity 
(corresponding to 105CFU/ml) was used to 
produce a uniform lawn on Muller – Hinton 
Agar (MHA) plates for the disc diffusion assay. 
After overnight incubation the zone of inhibition 
was measured. 
Crystal violet assay for Biofilm 
Log phase culture of pseudomonas strains 
were used for the assay. The strains were 
cultured in Brain Heart Infusion broth (BHI)    
(˜1 x 106 cells) in sterile 96 well ‘U’ bottom 
polystyrene plates and incubated at the 
appropriate temperatures at 100rpm. The plates 
were supplied with fresh BHI every 24 hours. 
After 75 hrs, the plates were washed with 
sterile PBS (pH 7.4) and stained with 200µl 
crystal violet (1% solution) for 15min. the 
unbound stain was washed off with sterile 
distilled water and the adsorbed crystal violet 
was solubilized with 200µl of 95% ethanol. 
Absorbance of the dissolved crystal violet was 
estimated at 600nm using automated 96 well 
plate reader (Synergy H1). Uninoculated BHI 
was used as the negative control. To analyze 
the influence of antibiotics on biofilm 
formation the same method was followed but 
with BHI containing different concentrations 
of antibiotics:  Gentamicin – 2.5mcg, 5mcg, 
10mcg, 15mcg and Ceftazidime 7.5 mcg, 
15mcg, 30mcg and 45mcg. 
Congo red binding assay 
Congo red is a dye that can bind to neutral 
polysaccharides or polysaccharides with either -
1,3- or -1,4- glucopyranosyl units. The more 
polysaccharide produces by the bacteria less will 
be the residual Congo red in the culture 
supernatant. The assay was carried out as 
described by Spiers et al.,9 Each isolate was 
inoculated into Luria Bertani broth (LB) and 
incubated at appropriate temperature for 24hrs. 
Uninoculated LB was used as negative control. 
The culture was then centrifuged and re-
suspended in  1ml  of  0.002%  Congo  red in 1%  
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Tryptone and incubated for 90min at appropriate 
temperature at 250rpm. The bacteria and bound 
Congo red was collected by centrifugation. The 
Congo red remaining in the supernatant was 
measured by obtaining the absorbance at 490nm. 
Amount of bound Congo red determined. To 
analyze the effect of antibiotics on polysac-
charide production Congo red binding assay was 
performed with different concentrations of 
antibiotics.  Gentamicin – 2.5mcg, 5mcg, 10mcg,  

15mcg and Ceftazidime 7.5 mcg, 15mcg, 30mcg 
and 45mcg. 

RESULTS AND DISCUSSION 
Antibiotic susceptibility profiles 
Table 1 shows the antibiotic susceptibility 
profiles of the different Pseudomonas strains. 
The environmental strain and ATCC strain 
were sensitive to the antibiotics tested while 
clinical isolates exhibited resistance to various 
antibiotics as seen in Table 1.  

Table 1 : Antibiotic sensitivity profile in terms of zone of inhibition produced by the antib-
iotic on bacterial lawn culture   

Antibiotcs 
Zone of inhibition (INmm) 

S373 S18 S253 S277 S241 S268 EV1 27853 
Amikacin (18mm-
26mm) 21 21 17 26 19 19 25 23 

Ceftazidime 
(22mm-29mm) 12* 14* 11* 20 12* 12* 23 26 

Gentamicin 
(16mm-21mm) 10* 19 16 24 18 17 20 19 

Norfloxacin 
(22mm-29mm) 10* 24 19 12* 27 10* 26 25 

   * Indicates resistance to the particular antibiotic
Biofilm production by crystal violet assay 
and congo red binding assay 
Extend of biofilm formation by bacteria depends 
on various physicochemical and environmental 
factors. Therefore, we analysed the biofilm 
forming abilities of clinical isolates from chronic 
infections. It is evident from Fig. 1, that various 
clinical  isolates   show   different  capabilities  of  

biofilm formation. Under the conditions provided 
the environmental isolate was also capable of 
biofilm formation. Each of these strains were 
also analyzed for their exopolysaccharide 
producing abilities by analyzing the amount of 
bound Congo red (Fig. 2). As observed in 
biofilm formation assay, different isolates 
showed different levels of exopolysaccharide 
production. 

 
(A) 

 
(B) 

Fig. 1 : (A) Crystal violet assay for biofilm formation by the different Pseudomonas strains. (B) 
Congo red binding assay for exopolysaccharide production by Pseudomonas strains. Amount of 

bound Congo red has been plotted
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Effect of antibiotics on biofilm formation 
and exopolysaccharide production 
Antimicrobial resistance is a crucial factor 
that makes biofilm infection nearly 
impossible to eliminate.10 They resist 
antibiotics at concentrations 10 – 1000 times 
that is needed to kill the planktonic forms of 
the same bacteria. Therefore most antibiotics 
tested in laboratory against the planktonic 
forms fails when administered to the patients 
with biofilm infections. We analyzed the 
effect of different concentrations of 
gentamicin and Ceftazidime on biofilm 
formation by all the strains. We observed that 
sub – inhibitory concentration of antibiotics 
increased biofilm formation in almost all the 
clinical isolates as analyzed by crystal violet 

assay (Fig. 2(a) and Fig. 3(a)). This is in 
concordance with earlier studies. Amongst the 
clinical strains the mucous producing strains 
produced biofilms that are more resistant to 
antimicrobials. Environmental isolate 
produced maximal biofilm in absence of 
Ceftazidime, indicating their sensitivity to the 
antibiotic, where as in case of the ATCC 
strain sub-inhibitory concentrations produced 
greater quantities of biofilms. Only in clinical 
isolates increasing concentration of 
Ceftazidime increased biofilms formation. 
Exopolysaccharide production is an intrinsic 
property of biofilms. Congo red binding assay 
in the presence of antibiotics showed a 
decrease in Congo red binding indicating 
lower levels of exopolysaccharide production.  

 
Fig. 2(a) : Biofilm formation at different concentration of ceftazidime (µg/ml) (crystal violet assay) 

 

 

 

 

 

 

 

 

 

Fig. 2(b) : Exopolysaccharide production formation at different concentrations of ceftazidime 
(µg/ml) (congo red binding assay) 
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Both gentamicin and Ceftazidime showed similar 
trends. (Fig. 2(b) and Fig. 3(b). This could also 
be due to the fact that assay was done only after 
24 hours in comparison to crystal violet assay 
which was done after 72 hours. The 
polysaccharide in the EPS of Pseudomonas 
mainly constitutes neutral or polyanionic 
components. Skowronek et al.,11 reports that 

Congo red specifically interacts with beta 
sheets and intercalates between the sheets eg. 
The EPS produced has been reported to have 
βsheet structure and was seen to be amyloids. 
So congo red binding could be used to check 
for the presence of amyloid structures in 
biofilms. On the other hand crystal violet 
stains biofilms components in general.12-16 

 
Fig. 3(a) : Biofilm formation at different concentration of ceftazidime (µg/ml) cyrstal violet assay) 

 
Fig. 3(b) : Exopolysaccharide formation at different concentration of gentamicin (µg/ml) (Congo 

red binding assay) 
Some of intrinsic characteristics of Pseudomonas 
like low cell wall permeability, wide repertoire of 
resistance mechanisms allows them to escape the 
initial phase of antibiotic action and then adapt to 
a sessile mode of life that further enhances the 
antibiotic resistance and evade host immune 
response facilitating persistent chronic  
infections.17-19 Biofilms are impermeable to 
antibiotics and host immune effector molecules. 
Only very low levels of antibiotics thus can enter 
a biofilm. This exposes the bacteria in the 
biofilms to sub inhibitory levels of antibiotics 

that augment both biofilm formation and 
development of resistance by the bacteria. 20 

CONCLUSION 
It can be said that environmental isolate which 
was sensitive to all antibiotics tested produced 
maximal biofilms in absence of antibiotics 
indicating that the population in culture was 
sensitive to the antibiotics, while clinical isolates 
had already developed resistance and infact 
antibiotics enhanced biofilms formation which 
could also be attributed to increased population 
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of strains in the culture. But Congo red is known 
to bind amyloid fibrils and as such is a direct 
measure of its presence in the biofilms. So the 
crystal violet assay or Congo red binding assay 
has to be adopted depending on the biofilms 
component to be assayed as Congo red 
specifically bind amyloid fibrils while crystal 
violet is a general assay for biofilms.  
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