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Original article 

Abstract 

Seven strains of Pseudomona aeruginosa isolated from hospital environmental 

surfaces were characterized in order to test their ability to produce to different 

antibiotic resistance and heavy metal concentration, biosurfactants, pyocyanin, 

biofilms, as well as to measure their tolerance, growth on various carbon sources, 

antimicrobial resistance and resistance to heavy metals. hemolytic profile, all 

strains  produced mono and dirhamnolipids. When using the method known as 

Kirby Bauer, strains showed resistance to antibiotic (ampicillin, amoxicillin, 

cefotaxime, ceftazidime, amikacin and imipenem). The Minimum Inhibitory 

Concentration (MIC) was evaluated, showing tolerance to metals in decreasing 

order (As
5+

>As
3+

>Zn
2+

>Pb
2+

>Fe
3+

>Cd
2+

>Cu
2+

>Cr
6+

). Strains formed biofilms 

and produced pyocyanin. Thus, resistant strains could lead to hospital outbreaks 

because of antibiotic resistance; which also interfere with the treatment program 

and increases costs to health care institutions. This article could lead to further 

epidemiological evaluations in clinical environments, due to the potential risk 

associated with opportunistic and antibiotic resistance strains. 

Key words: antibiotics resistant, heavy metals, biosurfactants, biofilm, 

hospital-Environmental, pyocyanin, Pseudomonas aeruginosa. 

 

Introduction 
P. aeruginosa is a versatile bacterium widely distributed in the environment and 

which has already been isolated from soil, water, animals, humans, devices and 
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hospital surfaces (Lee et al. 2006). This bacteria has been associated with 

nosocomial infections in immunosuppressed patients. Due to its ability to acquire 

resistance to antibiotics and heavy metals it can survive to adverse conditions 

(Lister et al. 2009). Furthermore, it is capable of producing a wide variety of 

secondary metabolites in which pyocyanin and biosurfactants are included. In 

addition, it has the ability to form biofilms on various surfaces which confers the 

strain virulence. (Roszak 1987; Santos-Burgoa 1994; Grosso-Becerra 2014; Tsiry 

et al. 2014; Ruvalcaba-Ledezma et al. 2014).  

The biosurfactants reduce the surface and interfacial tension. They are 

environment-friendly, biodegradable, and resistant to a wide range of salinities, 

temperatures and pH environments. The most studied are the rhamnolipids 

produced by P. aeruginosa (Maier and Soberon-Chavez 2000). Pyocyanin (1-

hydroxy-5-metilfenazina) is a secondary metabolite with the ability to oxidase and 

reduce other molecules. Both pyocyanin and biosurfactant synthesis are affected 

by growing conditions, source of carbon and nitrogen and oxygen level. Both 

metabolites act as virulent factors in P. aeruginosa as they play an important role 

in its pathogenesis (Laabei et al. 2014). The biosurfactant and pyocyanin of P. 

aeruginosa act as precursors in the production of biofilms, which is known as a 

community of microorganisms attached to a surface. This ability is important for 

chronic colonization of human tissues, which lead to persistence on medical 

implants (Vallet et al. 2004) and polluting hospital environmental surfaces; it 

confers resistance to various antibiotics used in the clinic, as well as to heavy 

metals, antiseptics and disinfectants (Bridier et al. 2011). 

Heavy metals are ubiquitous and persistent environmental contaminants. They are 

introduced into the environment through anthropogenic activities such as mining, 

contaminating water reservoirs, and lead to alter the macro and microbiological 

communities. Bacteria have developed several mechanisms to counteract stress to 

heavy metals (Teitzel et al. 2003). The bacterial plasmids generally contain genes 

that confer resistance to high concentrations of metals and they are readily 

transferred from one cell to another by horizontal transmission of genetic material. 

Thus, they contribute significantly to the short-term adaptation of microbial 

communities in metal-contaminated environments (Unaldi et al. 2003; Shoeb and 

Ahmed 2006). Actually, different genes for resistance to heavy metals have been 

described and are contained on operon (Marrero et al. 2010).  

Different reports about the ability of P. aeruginosa strain for antibiotics resistance 

and heavy metal can be found (Abdul-Sada 2009, De Bentzmann and Plésiat 

2011). Nevertheless, there are few studies where the resistance to antibiotics, 

heavy metals and production of biosurfactants were evaluated together (Singh and 

Cameotra 2013). In this study different strains of P. aeruginosa obtained from 

hospital environments were characterized in order to measure their ability to 

produce biosurfactants and pyocyanin, as well as to form biofilms and measure 

their ability to resist antibiotics and heavy metals. 

 

Materials and Methods 

Study design and P. aeruginosa strains 
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An observational descriptive study was conducted in seven strains of 

Pseudomonas aeruginosa were isolated from hospital environmental surfaces and 

identified as: H15, H16, H17, H18, H19, H20 and H21.  

 

Susceptibility to different antibiotics and heavy metals 

Antimicrobial resistance to ampicillin (10 μg), amoxicillin/clavulanic acid (20/10 

μg) cefotaxime (30μg), ceftazidime (30μg), amikacin (30 μg) imipenem (10 μg) 

was determined by the Kirby Bauer method (Cerezo 1983; Clinical and 

Laboratory Standards Institute 2012). The susceptibility to heavy metals and 

metalloids was evaluated by the use of supplemented LB agar with increasing 

concentrations of metallic salts (Pb (NO3)2, Cd (NO3)2, Cu (NO3)2, Zn (NO3)2, 

K2Cr2O7 (NO3)2, Fe (NO3)3, NaH2AsO4 and NaAsO2) from 100 mmol l
-1

 stock 

solution. The concentrations of the metallic salts were 0.5, 2, 4, 6, 10 and 20 

mmol l
-1

. The optical density of each strain was adjusted and replanted in all 

concentrations, incubated at 35 °C for 7 days following the methodology of Raja 

and Omine (2012). 

 

Biosurfactant and pyocianin assays 

The ability to produce biosurfactant was determined according to the 

methodology known as Rakeshkumar et al. (2012). Foam production in broth 

PPGA was evaluated after 24h of being incubated with constant stirring at 30 °C. 

Partial purification was done by solvent extraction and quantification of 

rhamnolipids was done by using the orcinol method (Toribio Jimenez et al. 2011). 

Biosurfactant detection was performed by thin layer chromatography on 

preparative plate’s Silica gel 60 F254 0.25 mm (Merck) (Sulbarán et al. 2005). 

Emulsification index method (IE24) was applied on partially purified 

biosurfactants (PPB) and the supernatant following the protocol of Cooper and 

Goldenberg (1987). All experiments were performed in duplicate and were 

included as a positive control for P. aeruginosa PAO1. 

The stability the PPB was evaluated in regards the effect of temperature, 100 and 

120 °C, for 1h. Different agar plates containing Luria-Bertoni agar were prepared 

with different NaCl levels (0 to 10% w/v) and different levels of pH (2.0, 5.0, 9.0 

and 12.0) by using HCl or NaOH according with the method, as described by 

Nythya and Pandian (2010). 

  

Production of pyocyanin. 

The pyocyanin quantification in all strains was conducted by the method 

described by Essar et al, (1990). 

 

Hydrocarbons growth assay 
Each strain was inoculated into 5 mL of saline minimal medium (Minimal 

medium pH 7, containing 22 mM KHPO4, 40 mM KH2PO4, 19 mM NH4Cl, 

17mM NaCl and 1.5 mM MgCl2) supplemented with 2% (v/v) of a carbon source 

(cyclohexane, toluene, and diesel oil) and incubated for 48h at 30 °C (Raza et al. 

2006). Growth was monitored by measuring the absorbance of the culture at 600 

nm in a spectrophotometer Genesys 20 (ThermoScientific). As negative control, 
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we used SMM without carbon source for growth and as a positive control; the MS 

medium was used being supplemented with 2% (w/v) glucose.  

 

Ability to form biofilms  

Biofilm generated by each strain of P. aeruginosa were evaluated using the 

following crystal violet assay methodology (Peeters et al. 2007). 

 

Results 
Seven native strains, identified as P. aeruginosa were isolated from hospital 

surfaces. All the strains were able to cause hemolysis on blood agar, producing 

foam in PPGAS broth and showed surface activity by the drop collapse method 

(see Figure 1A). Only the H15 strain was able to emulsify to 65% toluene, 60% 

cyclohexane, 55% vegetable oil and 26% diesel, the strain H21 emulsified 15% 

vegetable oil, the other strains did not show this capability. The crude extracts 

showed activity at temperatures of 120°C, at salinity concentration of 10% NaCl, 

and in the interval of pH measured (2.0 to 11.0). 

The strains were able to produce biosurfactants, the H15 strain produces 0.8 mg 

ml
-1

 of rhamnolipid. All strains  produced mono and dirhamnolipids  only  shown 

by the H15, H20 and H21 strains in monorhamnolipid TLC and dirhamnolipids 

type than P. aeruginosa PAO1 (see Figure 1B), and these strains were able to 

grow on glucose, toluene, cyclohexane, petroleum and diesel as the only carbon 

source. 

 

 
Fig 1. Tests for biosurfactant production. A) Hemolysis on blood agar. B) Foam 

production in PPGAS broth. C) Drop collapse, D) Emulsification index (IE24). 

 

Production of pyocyanin was registered in all strains, with varying concentrations 

ranging from 1.29, 1.51, 2.87, 2.9, 8.69, 8.9 and 9.56 µg ml
-1

 for strains H20, 
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H21, H16, H17, H19, H18 and H15 respectively. In addition, they were able to 

form biofilms under the conditions tested. The profile of antibiotic resistance in 

100% of the strains showed that those were resistant to ampicillin, amoxicillin and 

90% of cefotaxime, 80% to cefotaxime and ceftazidime, and 100% sensitive to 

amikacin and imipenem respectively. 

As it observed in the analysis of MIC to heavy metals and metalloids, changes 

were observed in all strains of P. aeruginosa in colonial morphology in the 

presence of metal. Most of the colonies were mucoid and were capable of emitting 

fluorescence in the presence of Pb, Cd and Zn. The same resistance profile 

As
5+

>As
3+

>Zn
2+

>Pb
2+

>Fe
3+

>Cd
2+

>Cu
2+

>Cr
6+ 

(> 20, 10, 10, 6, 4, 4, 2 and 2 mmol 

l
-1

, respectively) was observed.  

 

Discussion 
This paper describes for the first time the identification of native P. aeruginosa 

strains isolated from hospital environmental surfaces resistance to antibiotics and 

heavy metals with the ability to produce biosurfactants and pyocyanin, form 

biofilm and show commonly, such strains are founded at polluted soils and water.  

The observed strains showed capacity to produce biosurfactants, with stability at 

120 °C, 10% salinity, and pH ≤ 11.0. Supernatant from H15 strain presented a 

IE24 of 62.5% toluene, 60% cyclohexane, 55% vegetable oil and 26% diesel, in 

agreement with the findings of Abdel-Mawgoud et al. (2009) which reports that 

P. aeruginosa strain is capable of producing biosurfactant BS20, showing stability 

at 120 °C for 10 min, and showing activity at NaCl concentration of 6%, and pH 

13.0, thus a IE24 of 59% and 66% for kerosene and diesel. Vanavil et al. (2013) 

reported a strain of P. aeruginosa NITT6L can produce biosurfactant and 

emulsified vegetable oil, with 0.3 mg ml
-1

 rhamnolipid. In this study, 0.8 mg ml
-1

 

was produced by the strain H15, and the types of biosurfactants of both strains 

were mono and dirhamnolipids (Figure 2). 

 

  
Fig 2. Detection of rhamnolipids by thin layer chromatography (TLC). Up to 

down: HAAs (Chains of fatty acids); Mono-RhL (Monorhamnolipids); Di-RhL: 

(Dirhamnolipids). From left to right: Strains PAO-1, H15, H20, H21. 
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The strains were capable of producing pyocyanin. Variation in the difference in 

production between the strains could be due to variations in any of the regulatory 

genes (phzR or phzI) biosynthetic (phzABCDEFG) biotransforming (phzS or 

phzM) or any of its negative regulators (Mavrodi et al. 2001). Allen et al. (2005) 

reported that pyocyanin induces apoptosis in neutrophils and deteriorates the 

defenses of neutrophils in vivo studies for what is considered a virulence factor. 

The native strains were able to form biofilms this exopolysaccharide provides 

protection against extreme environments. As reported by Teitzel and Parsek 

(2003) the biofilms confer bacteria stress resistance to antibiotics, heavy metals 

and disinfectants which increased from 2 to 600 times compared to the individual 

cells. 

P. aeruginosa strains may be resistant to antibiotics through intrinsic or acquired 

resistance mutations or expression of beta-lactamase (Pitout et al. 2005). The 

autochthonous strains were resistant to ampicillin, amoxicillin, cefotaxime, 

ceftazidime, imipenem and amikacin. This statement matches with Livermore's 

findings (2002), where antimicrobial resistance analyzed in hospitals in the UK 

were described, and reported to show 28% resistance to ciprofloxacin, 18% to 

gentamicin, 16% to piperacillin, 14% and 7% imipemen and amikacin. 

In the hospitals of Mexico, the resistance to antibiotics was also shown. Castillo 

Vera et al. (2006) describe that P. aeruginosa strains were resistant to 21 

antibiotics at Infectious Disease Hospital of the Mexican Social Security Institute. 

In addition, outbreaks of P. aeruginosa strains were reported; all reports in 

hospitals in Mexico by resistant strains increased morbidity and mortality in 

patients infected with the bacteria. 

In this study, strains produced biosurfactants, pyocyanin, form biofilms and show 

resistance to antibiotics, heavy metals and metalloids. This behaviour is probably 

because the bacteria are under selective pressure by the presence in the 

environment of antibiotics and/or toxic substance. These multirresistance 

selectable factors should also be noted. P. aeruginosa is easily adapted to 

different ambient conditions, so it is important to note that the bacteria with this 

property can lead to the spread of these genes within hospitals and can remain so 

for long periods in the hospital environment which can potentially make them 

more pathogenic in some cases. We did not find reports of P. aeruginosa on 

hospital surfaces, resistant to antibiotics, heavy metals and metalloids that can 

produce rhamnolipids, pyocyanin and form biofilms. Bodour et al. (2003) reports 

production association of rhamnolipids with heavy metal resistance in two strains 

of P. aeruginosa isolated from soil contaminated with Pb. Furthermore, it has 

been reported that rhamnolipids are capable of removing metals and ions in soil 

Cd, Cu, Pb and Zn, due to their ability to form complexes. 

In this study, only the H15 strain emerges as a candidate for evaluating the 

bioremediation strategies of sites contaminated with heavy metals and for the 

production of rhamnolipids. The results provide a basis for proposing microbial 

ecology studies in hospital settings, to determine the molecular mechanism of 

resistance to antibiotics and heavy metals, to evaluate the ability to acquire and 
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transfer resistance genes and associated biosurfactant production and pyocyanin 

with biofilm formation, since the rhamnolipids are involved in the maintenance of 

biofilms and this is considered a virulence and antibiotic resistance mechanism. 

 

Proposal to avoid the persistence of nosocomial infections 
According to Ruvalcaba et al, 2013 and Corona et al. (2014), a proposal could be 

to carry out research projects from an epidemiological point of view. The 

inclusion of a longitudinal descriptive study in order to evaluate the 

environmental aero microbiological quality, microbial viability, among other 

critical test (sampling of air in cultivate boxes added with selective agar for 

evaluate surveillance of the environmental aero microbiological quality) are 

critical to get representative results.  

An air sampler “Andersen” can be used in order to simulate the presence of viable 

strains at different levels of the respiratory human system. In agreement with the 

author, we insist in the necessity of executing environmental epidemiology in all 

the hospitals, in order to get the best quality of inner hospital attention and thus 

reduce the risk of suffering a nosocomial infection with such strains. (Ruvalcaba 

et al, 2013) Pseudomas aeruginosa strains isolated from hospital environmental is 

considered as biological indicators of environmental pollution. (Ruvalcaba et al, 

2014) 

This is the first report of P. aeruginosa strains isolated from hospital 

environmental surfaces as a potential source of infection for hospitalized patients 

because it can give a cross-contamination between the hospital environment and 

critical patients' increasing morbidity, mortality, and is a risk for hospital 

outbreaks strains resistant to various antibiotics used in the clinic and their ability 

to persist in different environments by heavy metal resistance, producing 

biosurfactants, pyocyanin and biofilms, more virulent which makes their 

treatment to be expensive and not effective. 

 

Conclusions 

The presence of virulent microbiological agents resistance to antibiotics, heavy 

metals and metalloids, produced biosurfactants, pyocyanin, form biofilms in the 

hospital, may enhance the adverse effects on public health and hospital 

environmental surroundings, hence the importance, as they impact on human 

health in the family economy and health care.  

 

Finally the ecological-environmental meaningful findings species of 

Pseudomonas aeruginosa of surfaces hospital environment that presents high 

resistance to antibiotics and heavy metals is also meaningful because apart from 

their presence in the surfaces is considered microbiological indicators of 

environmental pollution in hospital. 

 

This research could lead to further epidemiological evaluations in clinical 

environments, due to the potential risk associated with opportunistic and antibiotic 

resistance strains. 

 



Vol 45, No. 4;Apr 2015

43 Pretoria, South Africa

Acknowledgements 
The authors wish to thanks Daniel Chávez and Joseph Guevara for their technical 

support, and Alan Michelle Ferman for his translating services. This research was 

financially supported by the Universidad Autónoma de Guerrero, with the project 

"Determining the production of biosurfactants in bacterial strains resistant to heavy 

metals in mining sites."  

 

The authors declare that there is no conflict of interests for the publication of this research 

paper. 

 

References 

 
Abdel-Mawgoud AM, Aboulwafa MM, Hassouna NAH. (2009). Characterization of 

rhamnolipid produced by Pseudomonas aeruginosa isolate Bs20. Appl Biochem Biotechnol 

157:329–345. 

 

Abdul-Sada, HK (2009). Resistance study of Pseudomonas aeruginosa to heavy. metals. 

Bas.J.Vet.Res.8:52-60. 

 

Allen L, Dockrell DH, Pattery T, Lee DG, Cornelis P, Hellewell PG and Whyte MK.(2005). 

Pyocyanin production by Pseudomonas aeruginosa induces neutrophil apoptosis and impairs 

neutrophil-mediated host defenses in vivo. J Immunol 174:3643-3649. 

 

Bridier A, Dubois-Brissonnet F, Greub G, Thomas V. and Briandet R. (2011) Dynamics of the 

Action of Biocides in Pseudomonas aeruginosa Biofilms. Antimicrob Agents Chemother. 

55:2648–2654. 

 

Bodour AA, Drees KP, and RM Maier. (2003) Distribution of biosurfactant-producing 

microorganisms in undisturbed and contaminated arid southwestern soils. Appl. Environ. 

Microbiol 69:3280–3287. 

 

Castillo Vera J, Ribas Aparicio R M, Osorio Carranza L. and Aparicio G. (2006). Cepas de 

Pseudomonas aeruginosa de origen hospitalario multirresistentes a 21 antibióticos. Bioquimia, 

31:41-48.  

 

Cerezo-Silva G. (1983) Prueba de Bauer Kirby para sensibilidad a los antimicrobianos. 

Infecciologia 3:325.  

 

Clinical and Laboratory Standards Institute. (2012) Performance standards for antimicrobial 

susceptibility testing; Twenty-second informational supplement. CLSI document M100-S22. 

Wayne, PA: Clinical and Laboratory Standards Institute. 

 

Corona-Martínez H, Estrada-Méndez MT, Muñoz-Juárez S, Paz-Bautista JC, and Ruvalcaba-

Ledezma JC. (2014) Microbiological quality bassinet air, second level hospital. Int Res J of Pharm 

5: 275-277. 

 

Cooper DG and Goldenberg BG. (1987) Surface-active agents from two Bacillus species. Appl. 

Environ. Microbiol. 53:224–229. 

 

De Bentzmann S and Plésiat P. (2011) The Pseudomonas aeruginosa opportunistic pathogen and 

human infections. Environ Microbiol. 13:1655-1665. 

 



Vol 45, No. 4;Apr 2015

44 Pretoria, South Africa

Essar DW, Eberly L, Hadero A and Crawford IP. (1990). Identification and characterization of 

genes for a second anthranilate synthase in Pseudomonas aeruginosa: interchangeability of the 

two anthranilate synthases and evolutionary implications. J Bacteriol 172:884–900. 

 

Grosso-Becerra MV, Croda-García G., Merino E, Servín-González L, Mojica-Espinosa R and 

Soberón-Chávez G. (2014). Regulation of Pseudomonas aeruginosa virulence factors by two 

novel RNA thermometers. Proc Natl Acad Sci U S.A. 111:15562-15567. 

 

Laabei M, Jamieson WD, Lewis SE, Diggle SP, and Jenkins AT. 2014  A new assay for 

rhamnolipid detection-important virulence factors of Pseudomonas aeruginosa 98:7199-209. 

 

Lee DG, Urbach JM, Wu G, Liberati NT, Feinbaum RL, Miyata S, Diggins LT, He J, Saucier M, 

Déziel E, Friedman L, Li L, Grills G, Montgomery K, Kucherlapati R, Rahme LG and Ausubel 

FM. (2006). Genomic analysis reveals that Pseudomonas aeruginosa virulence is combinatorial. 

Genome Biol 7, R90.  

 

Lister PD, Wolter DJ, and Hanson DN. (2009). Antibacterial-Resistant Pseudomonas aeruginosa: 

Clinical impact and complex regulation of chromosomally encoded resistance mechanisms. Clin 

Microbiol Rev 22:582–610. 

 

Livermore D M. (2002). Multiple Mechanisms of Antimicrobial Resistance in Pseudomonas 

aeruginosa: Our Worst Nightmare? Clin Infect Dis 34:634-640. 

 

Mavrodi DV, Bonsall RF, Delaney SM, Soule MJ, Phillips G and Thomashow LS. (2001). 

Functional analysis of genes for biosynthesis of pyocyanin and phenazine-1-carboxamide from 

Pseudomonas aeruginosa PAO1. J Bacteriol.183:6454-6455. 

 

Maier MR and Soberón-Chávez G. (2000). Pseudomonas aeruginosa rhamnolipids: biosynthesis 

and potential applications. Appl. Microbiol. Biotechnol. 54:625-633. 

 

Marrero J, Díaz A and Coto O. (2010). Mecanismos moleculares de resistencia a metales pesados 

en las bacterias y sus aplicaciones en la biorremediación. Revista CENIC Ciencias Biológicas 41, 

67-78. 

 

Nithya C and Pandian S K. (2010). Isolation of heterotrophic bacteria from Palk Bay sediments 

showing heavy metal tolerance and antibiotic production. Microbiol Res 165:578-593. 

 

Peeters E, Nelis HJ, Coenye T. (2008). Comparison of multiple methods for quantification of 

microbial biofilms grown in microtiter plates. J Microbiol Methods. 72:157-165. 

 

Pitout JD, Gregson DB, Poirel L, McClure JA, Le P and Church DL. (2005). Detection of 

Pseudomonas aeruginosa producing metallo-beta-lactamases in a large centralized laboratory. J 

Clin Microbiol. 43:3129-3135. 

 

Raja CE and Omine K. (2012). Characterization of boron tolerant bacteria isolated from a fly 

ash dumping site for bacterial boron remediation. Environ Geochem Hlth. 35:431-438. 

 

Rakeshkumar M, Jain K M, Avinash M and Bhavanath J. (2012). Isolation and structural 

characterization of biosurfactant produced by an alkaliphilic bacterium Cronobacter sakazakii 

isolated from oil contaminated wastewater. Carbohydr. Polym. 87:2320-2326. 

 

Raza ZA, Khan MS, Khalid ZM and Rehman A. (2006). Production of biosurfactant using 

different hydrocarbons by Pseudomonas aeruginosa EBN-8 mutant. Z Naturforsch C.61:87-94. 

 



Vol 45, No. 4;Apr 2015

45 Pretoria, South Africa

Roszak DB and Colwell RR. (1987). Survival strategies of bacteria in the natural environment. 

Microbiol. Rev 51:365-379. 

 

Ruvalcaba Ledezma JC, Cortés Ascencio SY. Environmental epidemiology "an emerging proposal to 

reduce nosocomial infections. Int. J. Curr. Microbiol App. Sci, 2013; 2(10): 215-223 

 

Ruvalcaba Ledezma JC, Rosas Pérez I, Pertuz Belloso SB, Interían Gómez L and Raygoza Anaya 

M. (2014). Bacteriological Indicators on the Environment and in Human Health. Curr. World 

Environ 9:96-104. 

 

Santos-Burgoa C, Rosas I. and Yela A. (1994). Occurrence of airborn enteric bacteria in Mexico 

City. Aerobiología 10:39-45. 

 

Shoeb E, Ahmed N. (2006). Correlation of multiple stress tolerance in indigenous bacteria. Int J 

Biotech 3:113–120. 

 

Singh AK and Cameotra SS. (2013). Rhamnolipids production by multi-metal-resistant and plant-

growth-promoting rhizobacteria. Appl Biochem Biotechnol 170:1038-1056. 

 

Sulbarán, M.M., Bahsas, A., Velásquez, W., and Otoniel Rojas, J. (2005). Caracterización de 

Biosurfactantes producidos por Pseudomonas fluorescentes aisladas de emulsiones de petróleo 

pesado. Ciencia 13:228 – 239. 

 

Teitzel GM and Parsek M R. (2003). Heavy Metal Resistance of Biofilm and Planktonic 

Pseudomonas aeruginosa. Applied and Environmental Microbiology, 69, 2313–2320. 

 

Toribio-Jiménez J, Escalante AE, Caballero-Mellado J, Gonzalez-Gonzalez A, Zavala S, Souza V. 

and Soberón-Chávez G. (2011). Characterization of a novel biosurfactant producing Pseudomonas 

koreensis lineage that is endemic to Cuatro Cienegas Basin. Syst Appl Microbiol. 34:531-535. 

 

Tsiry Rasamiravaka, Quentin Labtani, Pierre Duez, and Mondher El Jaziri. (2014). The Formation 

of Biofilms by Pseudomonas aeruginosa: A Review of the Natural and Synthetic Compounds 

Interfering with Control Mechanisms. BioMed Research International, Article ID 759348, in 

press. http://www.hindawi.com/journals/bmri/aa/759348/cta/ 

 

Unaldi MN, Korkmaz H, Arikan B and Coral G. (2003). Plasmid-encoded heavy metal resistance 

in Pseudomonas sp. Bull Environ Contam Toxicol. 71:1145-1150. 

 

Vallet I, Diggle SP, Stacey RE, Cámara M, Ventre I, Lory S, Lazdunski A, Williams P and Filloux 

A. (2004). Biofilm formation in Pseudomonas aeruginosa: fimbrial cup gene clusters are 

controlled by the transcriptional regulator MvaT. J Bacteriol.186:2880-90. 

 

Vanavil B, Perumalsamy M, Rao AS. (2013). Biosurfactant production from novel air isolate 

NITT6L: screening, characterization and optimization of media. J Microbiol Biotechnol. 23:1229-

1243 

 


