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Abstract
Knowledge about the biofilm formation and antibiotic resistance are resulting in identification of new targets for 

therapeutics against Pseudomonas infection. These one generally persist despite the use of long term antibiotic therapy. 
The ability of growing within a biofilm enhances their chances to protect themselves from host defenses, antibiotic 
therapies, and biocides. A necessary first step towards understanding the susceptibility of biofilms to antibiotics is to 
understand the mechanisms by which motility behavior is involved. To our knowledge, few studies had been undertaken 
to compare the implication of swimming-swarming and biofilm in antibiotics resistance. The relationship between these 
formations is debated in some Pseudomonas species literature. It should be noted that P. aeruginosa has been well-
studied as a model organism for the study of these interactions. By contrast, biofilms formation and motility behavior 
in P. fluorescens has not been extensively analysed. Our data demonstrate that our isolates exhibited an important 
biofilm mass and were categorized as slime-producers. The morphological and microscopic analysis of biofilm formation 
in these isolates revealed a very complex, dynamic and biologically exciting view about the architecture. The results 
indicate that biofilm formation, swarming and swimming motility exhibited a significant effect of resistance toward the 
β-lactam antibiotics and there is an induced swarming tendril tip bacteria phenotype with the presence of some β-lactam 
antibiotics. 
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Introduction
By targeting various virulence factors novel therapies can be devised 

for the treatment of severe infections caused by Pseudomonas species. 
Current therapies focus on the use of antibiotics but the development 
of antibiotic resistance and expression of multiple virulence factors has 
led to the ineffectiveness of current therapies [1]. The main virulence 
determinants of Pseudomonas infections are not only bacterial surface 
factors, flagella, pili and lipopolysaccharide, but also active processes 
such as the secretion of toxins, biofilm formation, quorum sensing [2] 
as well as the involvement of swarming-swimming motility, motility 
enables P. aeruginosa to colonize different environments, attach to 
surfaces, and form biofilms [3]. 

P. aeruginosa and P. fluorescens can become resistant to certain
antibiotics which further complicates the treatment of its infections. 
This resistance arises due to its ability to form biofilm which consist 
of bacterial communities embedded in an exopolysaccharide matrix 
(EPS). Because of their high resistance to antimicrobial and cleaning 
treatments [4,5], their biofilms contribute markedly to the persistence 
of pathogens on medical devices, leading to critical problems in terms 
of public health and a potentially major economic impact [6,7]. 

Biofilm formation is a major virulence factor contributing to the 
chronicity of infections. It is becoming increasingly clear that biofilm 
have an enormous impact on medicine [8]. 

Taken together swarming-swimming motility raises equally 
interesting implications, previous studies have shown that P. aeruginosa 
cells in swarming colonies can have distinct phenotypes from planktonic 
cultures, including increased antibiotic resistance [9]. Biofilm 
formation, swarming swimming motility and antibiotics resistance are 
significantly regulated, several studies have examined these phenomena 
in P. aeruginosa, however, no systematic analysis of swarming motility 
and its relationship has been carried in P. fluorescens. This study 
will present a current understanding of how swimming-swarming 
coordinate biofilm resistance in P. aeruginosa and P. fluorescens. In 

this regard, if motility participates in antibiotic resistance their flagella 
orientation may be modified by the presence of certain antibiotics and 
consequently it should not be random. Thus, a question remains open: 
have this motility a preferred link with certain antibiotics? 

Materials and Methods
Culture preparation

All the reagents, chemicals and media used in the below mentioned 
experiments were purchased from Sigma Aldrich. The bacterial strains 
used in this study were: Pseudomonas aeruginosa (PS8) isolated from 
waste water and three strains of P. fluorescens (PS4, PS9, PS10) from 
different rhizospheres. Stock cultures were stored at - 80°C in Trypticase 
soy broth and 15% glycerol. Tests conducted for their identification 
have been based on physiological, nutritional tests [10] and by the use 
of the Analytical Profile Index (API 20NE; bio Merieux Vitek). Prior to 
each experiment, a loopful of culture was grown in 10 ml of LB medium 
with incubation at 28 ± 2°C for 24 h.

Extracellular enzyme activity assay
Activities of extracellular enzymes were evaluated by the inoculation 

of 50 µl of cell-free, sterile-filtered supernatants from the stationary 
phase LB cultures (24 h, 37°C, 200 rpm) in holes (0.8 cm in diameter) 
stamped into substrate agar plates. The plates were incubated for 48 h at 
37°C unless stated otherwise. Diameters of clear or turbid halos around 
the inocula indicated a positive reaction [11].
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Hemolytic activities were determined on LB agar supplemented 
with 5% sterile-filtered sheep blood. Protease activities were tested on 
5% (w/v) skim milk agar plates. Clear zones around the inoculation 
hole indicated the production of hemolysins and proteases, respectively. 
A modified method of Habermann and Hardt [12] was employed for 
the estimation of phospholipases A and C activities. For this purpose, 
1% (v/v) egg yolk enrichment was added to 50 mM Na–acetate buffer 
supplemented with 10 mM CaCl2 and 1.5% (w/v) agar. A clear halo after 
24 h of incubation indicated phospholipase A activity, a white precipitate 
around the inoculi indicated phospholipase C activity, However the 
pectinolytic activity and starch hydrolysis were undertaken according 
to [13,14].

Microtitre plate biofilm formation assay

Mucoidy of the strains was assessed on Pseudomonas Isolation 
Agar. Pseudomonas strains were grown in Luria-Bertani broth at 28°C 
for 24 h. Cells were harvested by centrifugation (9000 g, 10 min), 
washed twice with sterile water, and then resuspended in phosphate-
buffered saline (PBS) to a DO580 nm of 0,4 (~2.108 bacteria m/l). Cultures 
were transferred to standing culture vessels. Polystyrene 96-well 
microtiter plates were filled with 100 µL of culture per well. The cultures 
were allowed to stand at 28°C and 37°C/24 h for the specified times. The 
micro titer plates wells were gently washed three times with 150 µL of 
sterile water to remove loosely associated bacteria. After the incubation 
period, cultures were removed, and, then dried at 30°C for 30 min. 
Samples were stained by the addition of the 1% crystal violet solution 
(100 µl) to each well above the initial inoculation level and incubated 
for 30 min. The vessels were then washed three times with 150 µL of 
sterile water. The intensity of crystal violet staining was measured. 

The samples were incubated for 6 h for micro-titer plate for 24 h, 
after which the OD590 values were measured on an ELISA plate reader. 
All samples were tested in seven independent wells. The amount of 
surface-attached biofilm was determined by using a modified crystal 
violet method [3]. 

Readings of replicates for each isolate were averaged and subtracted 
from the OD590 reading of the negative control (wells containing 
uninoculated culture medium). OD590 was used as indication of biofilm 
production. Isolates were classified as biofilm producers if OD590 was 
>0.200 and further classified as strong, moderate, weak, or zero biofilm 
formers based on their final OD590 reading [15].

Antibiotic resistance tests

All the antibiotics used in resistance tests were supplied from oxoid 
(Table 1), included β-lactams (P5, ATM30, P10, IPM 10, AMC30 and 
AMP 10), Phenicoles (C30), Aminosides (S10), Cyclines (TE, DO30, 
sulfamides (SXT), Macrolides (SP10, SP100) and quinolone (NA30). 
Resistances and susceptibilities to these antibiotics were determined 
using the disc diffusion method (Oxoid) in accordance with the CDS 
(Calibrated Dichotomous Sensitivity) method standard [16]. Inocula 
were prepared by suspending growth from LB agar plates in MHB broth 
to a starting concentration of 5×105 c.f.u/ml.

Motility assays (swimming, swarming and twitching) 

Motility agar plate assays for the determination of bacterial 
swimming, swarming, and twitching motility were performed as 
described previously [3,17], with light modifications. Each strain was 
incubated on LB agar plates free and supplemented with Tween 80 for 
24 h at 28°C. Plates of LB medium solidified with 0.3% agar (for the 
assessment of swimming motility) were inoculated by stabbing colonies 

with a toothpick and inserting the end of the toothpick just below the 
surface of the agar. Three colonies were picked from three plates and 
incubated at 28°C until a migration halo appeared. We then spotted 5 
μL of 3 independent suspensions of each strain onto LB medium plus 
0.6% agar (swarming motility) and the plates were incubated until a 
migration halo appeared. For twitching motility, culture was stabbed 
through agar of LB plates (1% agar) to the bottom of the Petri dish and 
incubated for 48 h at 37°C as Murray Thomas et al. [18]. After removal 
of agar, attached cells were stained with crystal violet (1% w/v). Motility 
was assayed as the radius of the circular expansion of bacterial growth 
from the point of inoculation.

Statistical analysis

 Multi-factor analysis of variance using the software package 
STATISTICA 7.0 was performed to identify significant differences 
between strains in biofilm development. Student’s t-test was employed 
to evaluate the obtained data. Differences were considered statistically 
significant when P<0.05.

Results and Discussion
Morphological characterization of spreading growth

In general, closely related strains showed comparable phenotypic 
properties. The isolates were quite similar in their characteristics, 
with a few noticeable exceptions for hemolytic activity; P. fluorescens 
strains (S4 and S9) were β-hemolytic, whereas P.aeruginosa (S8) and P. 
fluorescens (S10) were found α -hemolysin positive. They were positive 
for pectinolysis, starch hydrolysis, proteolysis, lecithinase, esterase and 
phospholipase C activity. The results, developed in this study, showed 
that our isolates exhibited an important biofilm mass, the S9 and S10 
exhibited increased biofilm formation. The Pseudomonas isolates had 
OD590 readings ranging from 0.21 to 0.35 (Figure 1), according to Perez 
et al. [19] and Stepanović et al. [15] classification, these isolates were 
categorized as having moderate biofilm adherence properties; despite 
they were categorized as slime-producers. Indeed, slime production 
play an important role in the pathogenesis of infections caused 
by different microorganisms, and is considered to be a significant 
virulence factor for some species. Slimes are generally polysaccharide 
materials, although other polymers may also be present and are 
probably involved in the protection of microbial cells. However, these 
molecules are also important in the formation of biofilms on surfaces. 
Furthermore, exopolymers have been considered to be involved in 

Class     Disc Reference

  Penames
Penicillin G P5 CT0043B
Penicillin G P10 CT0043B

β-lactams
 

Amoxicillin- clavulanic acid AMC30 CT0043B
Ampicilline AMP10 CT0003B

Monobactames Aztreonam ATM30 CT0264B
Carbapenemes Imipenem IPM10 CT0455B

Macrolides   Spiramycine
SP10 CT0232B
SP100 CT0232B

Cyclines  
Tetracycline TE T30 CT0054B
Doxycycline DOX30 CT0018B

Phenicoles   Chloramphenicol CHL30 CT0013B
Aminosides   Streptomycin STR10 CT0047B

sulfamides   Trimethoprim-
sulfamethoxazole SXT25 CT0052B

Quinolone   Nalidixic acid NAL30 CT0031B

Table 1: List of antibiotics.

http://jmm.sgmjournals.org/content/57/12/1539.long#ref-3
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the first steps of biofilm formation [20]. Previous studies are seldom 
encountered, Pringent-Combaret et al. [21] found that the E. coli 
exopolysaccharide colanic acid was involved only in the ability of the 
cells to produce voluminous biofilm, and not in the adherence of the 
cells to plastic surfaces, while Beech and Gaylarde [22] demonstrated 
that lipopolysaccharides of the outer membrane of Pseudomonas spp. 
and sulphate-reducing bacteria were the important molecules in initial 
adhesion to a metal surface. 

Swarming, swimming motility

Spreading giant colonies were observed with thick bacterial growth 
on LB -Polysorbate 80 (PS80) and not observed with thin bacterial 
growth on only LB medium plates (Figure 1). The most prominent 
spreading growth was observed with LB- Polysorbate 80 (PS80), 
containing a higher concentration of the nonionic surfactant in contrast 
to nutrient-rich LB medium. PS80 is a nonionic surfactant commonly 
added to foods, cosmetics, and pharmaceutical preparations as an 
emulsifier and dispersing agent and is considered to be well tolerated 
when it is delivered to mucosal, intradermal, and intravenous sites 
[23], it seemed to have a special enhancing effect on spreading growth, 
On the other hand, spreading growth of strains on LB medium took a 
longer time (6 days) to develop a thick colony. Our results demonstrate 
that surfactants such as PS80 do not inhibit bacterial biofilm formation. 
There have been reports on the effects of PS80 on bacteria for more 
than four decades. While it possesses little antimicrobial activity 
alone, PS80 can increase bacterial cell permeability and enhance the 
antimicrobial activity of a variety of antibiotics against P. aeruginosa, 
including chlorhexidine diacetate, benzalkonium chloride, and 
polymyxin B sulfate [13,24,25]. Consistent with these observations, 
Toutain-Kidd et al. [26] have suggested its capacity to enhance the 
activity of antimicrobial agents that damage the outer membrane is thus 
a reflection of its ability to gain access to the inner membrane, they also 

present evidence that P. aeruginosa PA14 can resist the action of PS80 
by cleavage of this surfactant by a secreted lipase, showing one possible 
resistance pathway for this organism. In this study we have not made 
similar observations for the action of PS80 towards biofilms formation. 
We hypothesized that the lipases in these strains are not able to cleave 
all the PS80 present in the medium. These findings are consistent with 
Toutain-Kidd et al. [26] reports for the S. aureus, in which biofilms 
formation was enhanced by the presence of PS80, reinforcing the idea 
that non-lipase-dependent mechanisms of resistance to PS80 exist. 
P. aeruginosa and P. fluorescens biofilms generated different colony 
morphotypes as described below. S10 was shown to be strong swimmer, 
incapable of swarming motility and produce smooth domed colonies. 
In contrast the other isolates (S4, S8 and S9) showed a smooth to rough 
characteristic appearance and a small swarming zone consisting of 
a very thin layer of cells. The fluorescent isolates displayed motility 
of varying morphologies on swarming and swimming plates with 
different diameter (Figure 1). This motility allows P. aeruginosa (S8) 
and P. fluorescens (S4,S9) to move across semi-solid surfaces in the 
presence of specific nutritional cues like the PS80 and the defined 
LB medium used in these assays containing carbon, nitrogen sources 
and Nacl. Unsurprisingly, other Pseudomonas isolates exhibited 
different swarming motility (Figure 2). The Swarming and swimming 
motility did not show significant correlation (p=0.87, r= - 0.09) with 
biofilm formation. Moreover, Biofilm growth produced sticky colony 
morphology variants. P.fluorescens (S4, S9) and P. aeruginosa (S8) was 
strong aggregative phenotype in solid culture and formed smaller, 
rough and wrinkled colonies with dry surface appearance compared 
to the smooth, larger colonies of S10 (P.fluorescens). Phenotypically, 
P. aeruginosa (S8) seems to be most adherent with a smooth, mucoid 
appearance, which is attributed to the production of alginate slime. It 
should be noted that the morphological and microscopic analysis of 
biofilm formation in these isolates revealed a very complex, dynamic, 
and biologically exciting view about the architecture, and function of 
the EPS matrix (Figure 3). According to Flemming et al. [27] the matrix 
is a network providing sufficient mechanical stability to maintain a 
spatial arrangement for microconsortia over a prolonged period. Our 
data seems to provide more data about one of the manifold ways in 

Figure 1: (a) Biofilm production by pseudomonas isolates, quantitative 
measurements of biofilm growth is presented by enumeration of the colony-
forming units (CFU) for OD590 readings; (b) swimming or/and swarming 
diameters (cm), the colony types were green moist, smooth, opaque, with a 
regular circular or slightly irregular undulated margin which appeared in isolates 
S4,S8, S9; an irregular edge formations for S9 while S10 morphotype was more 
smooth, dome-shaped, translucent colonies and jelly like consistency with a 
regular margins. Besides producing the above mentioned colony phenotypes, 
isolates S9 was particularly noted for branched tendril patterns during swarming.

Figure 2: A variable swarming phenotypes displayed by pseudomonas 
isolates. Swarming motility on TSA medium (1.5% agar) for 72h at 30°C after 
a central spot of 5 ml of an overnight bacterial culture in TSB. The formation of 
dendritic fractal-like patterns formed by migrating swarms moving away from 
an initial location, primary and secondary tendrils are seen to develop at the 
swarm edge. Other isolates (data not shown in our ongoing study) exhibited a 
coordinated multicellular behavior over the fluid surface of Nutrient agar plates. 
Enlarged views of swarming motility are provided in the top.
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which the biofilm cells are exposed in Pseudomonas isolates.

The scientific literature revealed that many aspects of EPS remain to 
be addressed. In the context of this complexity, modeling of EPS seems 
to be an almost impossible task, although it would be extremely helpful 
in predicting and controlling biofilm processes. It appears that “slime” 
has been very much underestimated. It may turn out that the EPS 
matrix is considerably more than simply the glue for biofilms. Rather, it 
appears to be a highly sophisticated system, which endows the biofilm 
mode of life with particular, successful features.

Although there is still debate surrounding the steps mechanisms 
that are involved in the biofilm life, microscopic analysis defined 
macromolecular “honeycomb” structure, these findings are consistent 
with reports [27,28]. Taken together, our data suggest that that the exact 
physiological mechanism of biofilm formation has remained elusive 
and versatile. This premise tries to further understanding the biofilm 
formation steps, and to explore what the “house of biofilm cells” is built 
of. Till date, the biofilm life cycle is summarized in three steps: initial 
attachment events, the growth of complex biofilms, and detachment 
events. Thus it is unlikely that our data are in discordance with 
previous observations. If biofilms can be metaphorically called a “city 
of microbes” [29], the EPS represent the “house of the biofilm cell”. The 
EPS determine the immediate conditions of life of biofilm cells living 
in this microenvironment by affecting porosity, density, water content, 
charge, sorption properties, hydrophobicity, and mechanical stability 
[30]. Our research has discovered that there is no direct evidence 
that the initial attachment events are the first step in biofilm cycle, we 
suggest that these are notable areas for future research. 

The biofilm growth associated to antibiotics resistance

In the present study, we observed an increased resistance to 
β-lactam antibiotics, this decreased susceptibility of Pseudomonas 
strains has already been noted by previous researchers [31,32]. Intrigu-
ingly, our study showed that the clavulanic acid failed to produce an 
inhibition zone to imipenem disk with a biofilm formation. In this 
study, we found an imipenem-resistant strain (S9) which produced a 

novel beta-lactamase. Our data are consistent with Giwercman et al. 
[33] reports, in which the exposure of biofilm cells of P.aeruginosa to 
beta-lactamase inducers triggers the production of the beta-lactamase 
enzyme that remains associated with the biofilm. 

Unsurprisingly, biofilm antibiotic susceptibility has been the 
subject of intense research and has been the focus of several excellent 
reviews [34]. The biofilm mode of growth appears to contribute the 
increased resistance to antibiotics. In addition, Giwercman et al. [33] 
demonstrated that pipercillin and imipenem were able to induce 
beta-lactamase production in biofilm and remain associated longer in 
biofilm than planktonic cells. Coquet et al show that there is significant 
enhancement of beta-lactamase induction [35]. Interestingly, the strains 
exhibited an extended-spectrum β-lactamases (ESBLs). Furthermore, 
certain antibiotics, such as macrolides, quinolone, phenicoles and 

Figure 3:  The EPS matrix of pseudomonas isolates on TSA medium (1.5% 
agar) with 100X magnification in light microscope on TSA medium (1.5% 
agar). An increase view of EPS matrix is provided (100X).

Figure 4: Macroscopic views of the effect of antibiotics on biofilm formation 
and motility behavior. The swarming behavior was signaled only for S4 vis a 
vis IPM and SP.  Whereas, a swimming behavior was induced toward AMC 
and AMP for S8. Twitching motility zone was detected for S8 in the presence 
of IPM. The pigments metabolic pathway is linked to certain antibiotics such 
as IPM and AMC.
For S9 and S10, the discontinued arrow indicates a twitching motility zones 
towards AMC and ATM. The swarming behavior was signaled only for P, 
AMC, SP and AMP. The pigments metabolic pathway is linked to S10 for 
ATM antibiotic. A Fuzzy zone edges and/or colonies within the zone report as 
resistant regardless for ATM, SXT and IPM. The carbapenemase is indicated 
by the small inhibitory zone around imipenem (IPM 10) and resistant colonies 
within this zone. An optical microscopic picture of the swarm (bull’s eye) 
is induced for S10 for the case of ATM, in the top the discontinued circles 
showed (a) an induced twitching morphotype (Expansion profiles of twitching 
motility. Note the tiny “keyhole” effect between IPM and NA, but the reduced 
inhibitory zone generated around imipenem (IPM 10) with resistant colonies 
indicates a carbapenemase. The pigments metabolic pathway is linked to S 
for P antibiotic; the continued arrow indicates the P and SP induced the same 
morphotype for S9 and S10.
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cyclines could induce an important antibiotics susceptibility as shown 
in Figure 4. Consistent with these observations, have reported that 
macrolides also appear to alter the formation of the biofilm matrix, 
which may result in enhanced activity of other antimicrobial agents 
[36-38]. Therefore, these agents may be effective against biofilm disease 
caused by P. aeruginosa in different fields. Trends in resistance among 
Pseudomonas isolates are presented in Figure 5.

The acquisition of β-lactam antibiotics resistance genes by bacterial 
pathogens is currently a worldwide phenomenon. Beta–lactamases 
inactivate β-lactam antibiotics by covalently binding the carbonyl 
moiety of β-lactam ring and hydrolyzing its amino bound [39]. An 
alternative approach to the β-lactamase problem has been the search 
for inhibitors of these enzymes which combined with a β-lactamase 
labile antibiotic and protect it from degradation and allow the β-lactam 
antibiotics to exert its antibacterial effect [40].

Even drug-susceptible strains of Pseudomonas aeruginosa 
have considerable defenses. P. aeruginosa has an inducible AmpC 
β-lactamase and is inherently resistant to those β-lactams that induce 
this enzyme and are hydrolyzed by it (e.g., cephalothin and ampicillin) 
[20]. Moreover, many antibiotics are excluded from the pseudomonal 
cell. This exclusion long was attributed to the cell's impermeability, 
although evidence of this was scanty and although the belief proved 
difficult to reconcile with the discovery that P. aeruginosa copiously 
manufactures a porin (OprF) that forms large outer membrane pores 
[41]. In the early 1990s, it began to be realized that much of this 
“impermeability-mediated resistance” (as it was widely called at the 
time) actually reflected efflux by MexAB-OprM, a pump system that 
removes β-lactams, chloramphenicol, fluoroquinolones, macrolides, 
novobiocin, sulfonamides, tetracycline, and trimethoprim, as well as 
various dyes and detergents [42]. 

Motility behavior associated to antibiotics resistance

Based upon morphotypes observations on Mueller-Hinton 
surfaces, we show that propagating Pseudomonas (S4 and S8) swarm 
can collectively change direction towards antibiotic added to an agar 
plate, and can even reunite and swim as described in Figure 4. We 
found that S10; P10; AMC30 and ATM30; SP10; NA30; AMP10 can 
induce a swimming, twitching and swarming phenotype for S9 and 
S10 respectively (Figure 4). Altogether, our results show that there is an 
induced swarming tendril tip bacteria phenotype with the presence of 
some β-lactam antibiotics. Furthermore, our results demonstrate that 
biofilm formation in S10 and S9 can be a specific, defensive reaction to 

the presence of antibiotics like Aztreonam and amoxicillin- clavulanic 
acid. It is important to note that Imipenem, Spiramycine, Aztreonam 
and amoxicillin- clavulanic acid induced a defensive reaction in S4 
and S8. Our data indicate that the branched tendril patterns that are 
often, but not always, observed in P. aeruginosa swarms can be may 
be present in the P. fluorescens. Therefore, it is reasonable to propose 
that an increased basal level of these enzymes is mediated directly by 
motility behavior and biofilm formation. 

The relationship between swarming and biofilm formation is 
debated in the P. aeruginosa literature [43,44]. Both behaviors are 
nutrition-ally regulated surface activities that are altered in the absence 
of motility organelles. Since we observed that the absence of either 
twitching or swimming potentially altered both biofilm and swarming 
behaviors, we restricted our subsequent analysis to isolates that were 
positive for both swimming and twitching. We hypothesized that strains 
that did not swarm would score higher than swarming isolates in our 
biofilm assay. We did indeed observe an inverse relationship between 
swarming motility and biofilm formation among the swim-positive/
twitch-positive isolates that grew on Mueller-Hinton plates [45].

Here, we emphasize that swarming motility in P. aeruginosa and 
P.fluorescens manifests as a rapid, highly organized mechanism of 
bacterial solid surface translocation. Notably, Pseudomonas aeruginosa 
often, but not always, forms branched tendril patterns during swarming; 
this phenomena occurs only when bacteria produce rhamnolipid, 
which is regulated by population-dependent signaling called quorum 
sensing. The experimental results of this work show that P. fluorescens 
(S9) cells propagate as high density waves that move symmetrically as 
rings within swarms toward the extending tendrils. The study results 
suggest that both species responds to environmental cues on a very 
short timescale by actively exploiting local physical phenomena to 
develop communities and efficiently colonize new surfaces.

Conclusion
In this article, we have assembled some phenotypic processes 

related to antibiotics susceptibility or resistance in P.aeruginosa and 
P.fluorescens. Our assessment of the available evidence suggests that 
the reduced susceptibility of biofilms to antibiotics is linked to the 
natural process of behavior motility and diversification that is ongoing 
within the biofilm population. The species displayed severe swarming-
swimming and twitching motility in the presence of β-lactam 
antibiotics. Thus, while behavior motility and biofilm formation seem 
to be related, the data seem to imply that there is a strong relationship 
between these processes. Therefore, the behavior motility and biofilm 
formation will be one of the clinical problems in the therapy of P. 
aeruginosa and P.fluorescens infections and highlights the need for 
continuous monitoring this motility in emerging bacterial resistance.

Acknowledgements

The author extends his appreciation to the Direction for Research Programming, 
Evaluation and Prospective Study (DGRSDT), Government of Algeria. We are 
thankfull to Abdoun Aounia and Benslim Sara for their collaboration in this study.

Conflict Of Interest Statement

Authors declare no conflict of interest.

Reference

1.	 Sharma G, Saloni R, Ankiti B, Shweta D, Sanjay G, et al. (2014) Pseudomonas 
aeruginosa biofilm: Potential therapeutic targets. Biologicals 42: 1-7.

2.	 Kipnis E, Sawa T, Wiener-Kronish J (2006) Targeting mechanisms of 
Pseudomonas aeruginosa pathogenesis. Med Mal Infect 36: 78-91.

3.	 O’Toole GA, Kolter R (1998) Initiation of biofilm formation in Pseudomonas 

Figure 5: Trends in resistance among pseudomonas isolates  where the 
percent of antibiotics resistance was 85.71%; 71.42%; 64.28 and 42. 85% for 
S4, S9, S8 and S10 respectively.

https://doi.org/10.1016/j.biologicals.2013.11.001
https://doi.org/10.1016/j.biologicals.2013.11.001
https://doi.org/10.1016/j.medmal.2005.10.007
https://doi.org/10.1016/j.medmal.2005.10.007
http://dx.doi.org/10.1046/j.1365-2958.1998.00797.x


Citation: Amina M, Ahmed B (2017) Pseudomonas Motility and Antibiotics Resistance. J Bioengineer & Biomedical Sci 7: 220. doi: 10.4172/2155-
9538.1000220

Page 6 of 6

Volume 7 • Issue 2 • 1000220
J Bioengineer & Biomedical Sci, an open access journal
ISSN: 2155-9538 

fluorescens WCS365 proceeds via multiple convergent signaling pathways: A 
genetic analysis. Mol Microbiol 28: 449-461.

4. Mah TFC, O'Toole GA (2001) Mechanisms of biofilm resistance to antimicrobial 
agents. Trends Microbiol 9: 34-39.

5. Hogan D, Kolter R (2002) Why are bacteria refractory to antimicrobials? Curr
Opin Microbiol 5: 472-477.

6. Brooks JD, Flint SH (2008) Biofilms in the food industry: Problems and potential 
solutions. Int J Food Sci Technol 43: 2163-2176.

7. Potera C (1999) Forging a link between biofilms and disease. Science 283: 
1837-1839.

8. Costerton JW, Stewart PS, Greenberg EP (1999) Bacterial biofilms: A common 
cause of persistent infections. Science 284: 1318-1322.

9. Lai S, Tremblay J, Déziel E (2009) Swarming motility: A multicellular behavior 
conferring antimicrobial resistance. Environ Microbiol 11: 126-136.

10.	Palleroni NJ (1984) Pseudomonas. In: B Tansill (ed). Bergey’s manual of 
systematic bacteriology. Williams & Wilkins, Baltimore. pp: 141-199

11. Tielen P, Narten M, Rosin N, Biegler I, Haddad I, et al. (2011) Genotypic and
phenotypic characterization of Pseudomonas aeruginosa isolates from urinary 
tract infections. Int J Med Microbiol Trop Dis 301: 282-292.

12.	Habermann E, Hardt KL (1972) A sensitive and specific plate test for the 
quantitation of phospholipases. Anal Biochem 50: 163-173.

13.	Brown MR, Winsley BE (1969) Effect of polysorbate 80 on cell leakage and
viability of Pseudomonas aeruginosa exposed to rapid changes of pH,
temperature and tonicity. J Gen Microbiol 56: 99-107.

14.	Stanier RY, Palleroni NJ, Doudoroff M (1966) The aerobic Pseudomonads: A
taxonomy study. J Gen Microbiol 43: 159-271.

15.	Stepanovic S, Vukovic D, Dakic I, Savic B, Svabic-Vlahovic M (2000) A modified 
microtiter-plate test for quantification of staphylococcal biofilm formation. J 
Microbiol Methods 40: 175-179.

16.	Bell SM, Gatus BJ, Pham JN, Rafferty DL (2006) Antibiotic susceptibility testing 
by the CDS method: A manual for medical and veterinary laboratories. 

17.	Harunur Rashid M, Kornberg A (2000) Inorganic polyphosphate is needed for
swimming, swarming, and twitching motilities of Pseudomonas aeruginosa.
Proc Natl Acad Sci USA 97: 4885-4890.

18.	Murray Thomas S, Ledizet M, Kazmierczak BI (2010) Swarming motility, 
secretion of type 3 effectors and biofilm formation phenotypes exhibited within 
a large cohort of Pseudomonas aeruginosa clinical isolates. J Med Microbiol
59: 511-520.

19.	Perez LRR, Costa MCN, Freitas ALP, Barth AL (2011) Evaluation of biofilm 
production by Pseudomonas aeruginosa isolates recovered from cystic fibrosis 
and non-cystic fibrosis patients. Braz J Microbiol 42: 476-479.

20.	Livermore DM (1995) β-Lactamases in laboratory and clinical resistance. Clin 
Microbiol Rev 8: 557-584.

21.	Prigent-Combaret C, Vidal O, Dorel C, Lejeune P (1999) Abiotic surface
sensing and biofilm-dependent regulation of gene expression in Escherichia 
coli. J Bacteriol 81: 5993-6002.

22.	Beech IB, Gaylarde CC (1989) Adhesion of desulfovibrio desulfuricans
and Pseudomonas fluorescens to mild steel surfaces. Journal of Applied 
Bacteriology 67: 201-208.

23.	National Toxicology Program (1992) NTP toxicology and carcinogenesis
studies of polysorbate 80 (CAS no. 9005-65-6) in F344/N rats and B6C3F1
mice (feed studies). Natl Toxicol Program Tech Rep Ser 415: 1-225.

24.	Brown MR, Richards RM (1964) Effect of polysorbate (Tween) 80 on the
resistance of Pseudomonas aeruginosa to chemical inactivation. J Pharm
Pharmacol 16: 51-55.

25.	Brown MR, Winsley BE (1968) Synergistic action of polysorbate 80 and
polymyxin B sulphate on Pseudomonas aeruginosa. J Gen Microbiol.

26.	Toutain-Kidd CM, Kadivar SC, Bramante CT, Bobin SA, Zegans ME (2009)
Polysorbate 80 inhibition of Pseudomonas aeruginosa biofilm formation and its 
cleavage by the secreted lipase LipA. Antimicrob Agents Chemother 53: 136-145.

27.	Flemming HC, Neu TR, Wozniak DJ (2007) The EPS matrix: The house of 
biofilm cells. J Bacteriol 89: 7945-7947.

28.	Schaudinn CP, Stoodley A, Kainovic T, O’Keefe, B Costerton, et al. (2007) 
Bacterial biofilms, other structures seen as mainstream concepts. Microbe 2: 
231-237.

29.	Watnick P, Kolter R (2000) Biofilm, city of microbes. J Bacteriol 182: 2675- 679.

30.	Flemming HC, Wingender J (2002) Extracellular polymeric substances:
structure, ecological functions, technical relevance. In: G Bitton (ed.).
Encyclopedia of environmental microbiology. Wiley, New York. pp: 1223-1231.

31.	Jaykumar S, Appalraju B (2007) The prevalence of multi and pan drug resistant 
Psuedomonas aeruginosa with respect to ESBL and MBL in a tertiary care
hospital. Indian J Pathol Microbiol 50: 922-25.

32.	Obritsch MD, Fish DN, Maclaren R, Jung R (2004) The national surveillance
of antimicrobial resistance in the Pseudomonas aeruginosa isolates  obtained
from intensive care unit patients from 1993 to 2002.  Antimicrob Agents
Chemother 48: 4606-4610.

33.	Giwercman B, Jensen ET, Hoiby N, Kharazmi A, Costerton JW (1991) Induction 
of beta-lactamase production in Pseudomonas aeruginosa biofilm. Antimicrob 
Agents Chemother 35: 1008-1010.

34.	Stewart PS (2002) Mechanisms of antibiotic resistance in bacterial biofilms. Int 
J Med Microbiol 292: 107-113.

35.	Palleroni NJ (1992) Introduction to the family Pseudomonadaceae. In: Balows
HG, Truper M, Dworkin W, Harder A, Schliefer K (eds.). The Prokaryotes (2nd
edn). Springer-Verlag, New York. pp: 3071-3085.

36.	Wozniak DJ, Keyser R (2004) Effects of subinhibitory concentrations of 
macrolide antibiotics on Pseudomonas aeruginosa. Chest 125: 62-69.

37.	Kondoh K, Hashiba M (1998) Inhibitory effect of macrolide antibiotics on biofilm 
formation by Pseudomonas aeruginosa. Nihon Jibiinkoka Gakkai Kaiho Jan
101: 25-36. 

38.	Yassien M, Khardori N, Ahmedy A, Toama M (1995) Modulation of biofilms of 
Pseudomonas aeruginosa by quinolones. Antimicrob Agents Chemother 39: 
2262-2268.

39.	Medeiros AA (1997) Evaluation and determination of β-lactamases. Afr J 
Microbiol Res.

40.	Russell AD, Quesnel LB (1983) The biochemical evolution of β-lactamase 
inhibitors. Antibiotics: Assessment of antimicrobial activity of resistance 16:
141-159.

41.	Benz R, Hancock RE (1981) Properties of the large ion-permeable pores 
formed from protein F of Pseudomonas aeruginosa in lipid bilayer membranes. 
Biochim Biophys Acta 646: 298-308.

42.	Poole K (2001) Multidrug efflux pumps and antimicrobial resistance in 
Pseudomonas aeruginosa and related organisms. J Mol Microbiol Biotechnol
3: 255-264.

43.	Merritt JH, Brothers KM, Kuchma SL, O'Toole GA (2007) SadC reciprocally
influences biofilm formation and swarming motility via modulation of 
exopolysaccharide production and flagellar function. J Bacteriol 189: 8154-
8164.

44.	Shrout JD, Chopp DL, Just CL, Hentzer M, Givskov M, et al. (2006) The impact 
of quorum sensing and swarming motility on Pseudomonas aeruginosa biofilm 
formation is nutritionally conditional. Mol Microbiol 62: 1264-1277.

45.	Sand S, Hankin L, Zucker M (1972) A selective medium for pectinolytic
Pseudomonas. Phytopatology 62: 998-1000.

http://dx.doi.org/10.1046/j.1365-2958.1998.00797.x
http://dx.doi.org/10.1046/j.1365-2958.1998.00797.x
http://dx.doi.org/10.1016/S0966-842X(00)01913-2
http://dx.doi.org/10.1016/S0966-842X(00)01913-2
http://www.sciencedirect.com/science/article/pii/S1369527402003570?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1369527402003570?via%3Dihub
https://doi.org/10.1111/j.1365-2621.2008.01839.x
https://doi.org/10.1111/j.1365-2621.2008.01839.x
https://doi.org/10.1126/science.284.5418.1318
https://doi.org/10.1126/science.284.5418.1318
https://doi.org/10.1111/j.1462-2920.2008.01747.x
https://doi.org/10.1111/j.1462-2920.2008.01747.x
https://doi.org/10.1016/j.ijmm.2010.10.005
https://doi.org/10.1016/j.ijmm.2010.10.005
https://doi.org/10.1016/j.ijmm.2010.10.005
https://doi.org/10.1016/0003-2697(72)90495-2
https://doi.org/10.1016/0003-2697(72)90495-2
https://doi.org/10.1099/00221287-56-1-99
https://doi.org/10.1099/00221287-56-1-99
https://doi.org/10.1099/00221287-56-1-99
https://doi.org/10.1099/00221287-43-2-159
https://doi.org/10.1099/00221287-43-2-159
https://www.scienceopen.com/document?vid=7aa2dea0-0efd-4ed8-b24a-c5fc85019912
https://www.scienceopen.com/document?vid=7aa2dea0-0efd-4ed8-b24a-c5fc85019912
https://www.scienceopen.com/document?vid=7aa2dea0-0efd-4ed8-b24a-c5fc85019912
https://doi.org/10.1099/jmm.0.017715-0
https://doi.org/10.1099/jmm.0.017715-0
https://doi.org/10.1099/jmm.0.017715-0
https://doi.org/10.1099/jmm.0.017715-0
http://dx.doi.org/10.1590/S1517-83822011000200011
http://dx.doi.org/10.1590/S1517-83822011000200011
http://dx.doi.org/10.1590/S1517-83822011000200011
http://cmr.asm.org/content/8/4/557.long
http://cmr.asm.org/content/8/4/557.long
http://jb.asm.org/content/181/19/5993.long
http://jb.asm.org/content/181/19/5993.long
http://jb.asm.org/content/181/19/5993.long
https://doi.org/10.1111/j.1365-2672.1989.tb03396.x
https://doi.org/10.1111/j.1365-2672.1989.tb03396.x
https://doi.org/10.1111/j.1365-2672.1989.tb03396.x
https://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/tr400499/abstracts/tr415/index.html
https://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/tr400499/abstracts/tr415/index.html
https://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/tr400499/abstracts/tr415/index.html
https://doi.org/10.1111/j.2042-7158.1964.tb07538.x
https://doi.org/10.1111/j.2042-7158.1964.tb07538.x
https://doi.org/10.1111/j.2042-7158.1964.tb07538.x
https://doi.org/10.1128/AAC.00500-08
https://doi.org/10.1128/AAC.00500-08
https://doi.org/10.1128/AAC.00500-08
https://doi.org/10.1128/JB.00858-07
https://doi.org/10.1128/JB.00858-07
https://doi.org/10.1128/microbe.2.231.1
https://doi.org/10.1128/microbe.2.231.1
https://doi.org/10.1128/microbe.2.231.1
https://doi.org/10.1128/JB.182.10.2675-2679.2000
https://www.researchgate.net/publication/5545023_Prevalence_of_multi_and_pan_drug_resistant_Pseudomonas_aeruginosa_with_respect_to_ESBL_and_MBL_in_a_tertiary_care_hospital
https://www.researchgate.net/publication/5545023_Prevalence_of_multi_and_pan_drug_resistant_Pseudomonas_aeruginosa_with_respect_to_ESBL_and_MBL_in_a_tertiary_care_hospital
https://www.researchgate.net/publication/5545023_Prevalence_of_multi_and_pan_drug_resistant_Pseudomonas_aeruginosa_with_respect_to_ESBL_and_MBL_in_a_tertiary_care_hospital
https://doi.org/10.1128/AAC.48.12.4606-4610.2004
https://doi.org/10.1128/AAC.48.12.4606-4610.2004
https://doi.org/10.1128/AAC.48.12.4606-4610.2004
https://doi.org/10.1128/AAC.48.12.4606-4610.2004
http://isim.ku.dk/staff/vip/?pure=en%2Fpublications%2Finduction-of-betalactamase-production-in-pseudomonas-aeruginosa-biofilm(9b9a16b0-207a-11df-8ed1-000ea68e967b)%2Fexport.html
http://isim.ku.dk/staff/vip/?pure=en%2Fpublications%2Finduction-of-betalactamase-production-in-pseudomonas-aeruginosa-biofilm(9b9a16b0-207a-11df-8ed1-000ea68e967b)%2Fexport.html
http://isim.ku.dk/staff/vip/?pure=en%2Fpublications%2Finduction-of-betalactamase-production-in-pseudomonas-aeruginosa-biofilm(9b9a16b0-207a-11df-8ed1-000ea68e967b)%2Fexport.html
https://doi.org/10.1078/1438-4221-00196
https://doi.org/10.1078/1438-4221-00196
https://doi.org/10.1378/chest.125.2_suppl.62S
https://doi.org/10.1378/chest.125.2_suppl.62S
http://europepmc.org/abstract/med/9493436
http://europepmc.org/abstract/med/9493436
http://europepmc.org/abstract/med/9493436
http://dx.doi.org/10.1128/aac.39.10.2262
http://dx.doi.org/10.1128/aac.39.10.2262
http://dx.doi.org/10.1128/aac.39.10.2262
http://www.sciencedirect.com/science/article/pii/0005273681903369
http://www.sciencedirect.com/science/article/pii/0005273681903369
http://www.sciencedirect.com/science/article/pii/0005273681903369
http://www.caister.com/jmmb/v/v3/v3n2/17.pdf
http://www.caister.com/jmmb/v/v3/v3n2/17.pdf
http://www.caister.com/jmmb/v/v3/v3n2/17.pdf
https://doi.org/10.1128/JB.00585-07
https://doi.org/10.1128/JB.00585-07
https://doi.org/10.1128/JB.00585-07
https://doi.org/10.1128/JB.00585-07
https://doi.org/10.1111/j.1365-2958.2006.05421.x
https://doi.org/10.1111/j.1365-2958.2006.05421.x
https://doi.org/10.1111/j.1365-2958.2006.05421.x
https://www.apsnet.org/publications/phytopathology/backissues/Documents/1972Articles/Phyto62n09_998.pdf
https://www.apsnet.org/publications/phytopathology/backissues/Documents/1972Articles/Phyto62n09_998.pdf

	Tittle
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Culture preparation
	Extracellular enzyme activity assay
	Microtitre plate biofilm formation assay
	Antibiotic resistance tests
	Motility assays (swimming, swarming and Twitching) 
	Statistical analysis

	Results and Discussion
	Morphological characterization of spreading growth
	Swarming, swimming motility
	The biofilm growth associated to antibiotics resistance
	Motility behavior associated to antibiotics resistance

	Conclusion
	Acknowledgements
	Conflict Of Interest Statement
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Reference

