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Abstract— The more pyocyanin produced by the 

hydrocarbon degrading Pseudomonas aeruginosa strains, 

the more hydrocarbons would be assimilated and 

transformed. To evaluate this assumption,we asssed the 

potential use of nine wild types of pyocyanin-producing P. 

aeruginosain bioremediation. They exhibit concentrations 

of pyocyanin ranging from 0.08 to 

28.68 μg/mL.Hydrocarbonoclastic activity in the presence 

of pyocyanin was determined by two protocols. First, 

ahigh correlation was found between the synthesis of 

pyocyanin and the emulsification index of lubricating oil. 

Second, two strains were tested for their ability to degrade 

anthracene and pyrene in soil by the concentration of 

pigment produced.Microcosms were filled with 250g of 

sterile sandy soil, supplemented with glycerin and then 

contaminated with a 20 mg/kg of mixture of the two 

compounds. The volume of the inoculum suspension (≈108 

CFU/mL) was equivalent to 5% of the soil mass contained 

in the microcosms. Static incubation lasted 60 days at 

25°C. A roughly 60-fold difference between the pigment 

concentrations produced by the two strains resulted in an 

increase of 65 and 45% in the pyrene and anthracene 

biodegradation, also indicating that the molecule served 

as a co-substrate of pyrene degradation.  

Keywords— Bioremediation; Biodegradation;Petroleum 

hydrocarbons; Pyocyanin; Pyrene. 

 

I. INTRODUCTION 

Pseudomonas aeruginosa is a ubiquitous 

aerobic Gram-negative rod, measuring 0.5 μm in width by 

1.5 μm in length and endowed with a single polar 

flagellum, whose preferential habitat is the soil (Abdul-

Hussein and Atia 2016). The bacterium exhibits 

remarkable metabolic versatility, ensuring its persistence 

in environments with different physicochemical 

conditions, which may exert different degrees of selective 

pressures (Maiaet al. 2009; Pirnay et al. 2005). In addition, 

P. aeruginosa can utilize more than 90 molecules as a 

source of carbon and energy (Scott-Thomas et al. 2010), 

among which are paraffinic (Karamalidis et al. 2010), 

naphthenic (Shekhar, Godheja, and Modi 2015), aromatic 

(Zhang et al. 2005) and polycyclic aromatic hydrocarbons 

(Filinov et al. 2010). This characteristic makes the 

bacterium an excellent choice as an agent of removal of 

these compounds in the environment (Salam 2016; Atzél et 

al. 2008). 

P. aeruginosa synthesizes at least six different 

pigments: fluorescein (Allydice-Francis et al.2012), 

pyoverdin(Yin et al. 2017), pyorubin A and B (Abu et al. 

2013), pyomyelin(Ferguson, Cahilli, and Quiilty 2007) and 

pyocyanin (Viana et al. 2017). The latter, a fluorescent 

phenazine compound of exuberant blue-greenish 

coloration is synthesized exclusively by 90-95% of the 

strains (Mavrodi et al. 2001) and its main function is to 
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participate in reactions involving the production of 

reactive oxygen species (Muller and Merret 2014) and in 

the reduction of the Fe3+ ion, an important growth factor 

for bacteria (Jayaseelan, Ramaswany, and Dharmaraj 

2009). 

Most of the studies involving pyocyanin have 

focused on clinical issues, generally related to antibiotic 

multi-resistance (Kerr and Snelling 2009), antimicrobial 

activity (Martins et al. 2014) and immunological changes 

or responses caused by opportunistic infections (Sales-

Neto et al. 2016). However, the synthesis of pyocyanin is 

associated to a response mechanism to environments with 

high selective pressures as hydrocarbon-contamined soils 

(Bahari et al. 2017), allowing P. aeruginosa to persist as 

well as to use hydroncarbons as the sole sorce of carbon. 

This could be applied to the bioremediation processes. 

Interest in the role of pyocyanin in the 

degradation of hydrocarbons is very recent and the topic is 

still little explored (Mangwani, Kumari, and Das 2015; Wu 

et al. 2014). The correlation with pyocyanin and 

biosurfactant synthesis was first reported in this decade 

(Das and Ma 2013). The production of 10.89 μg/mL of the 

pigment reflected emulsification indices (En) of three fuels 

between 60 and 75%, while another strain, whose 

production of pyocyanin was significantly lower, 4.81 

μg/mL, the E24 obtained were between 25 and 40%, 

reflected in a biosurfactant synthesis that was ten-fold less. 

In order to verify the importance of the pigment 

in the hydrocarbonoclastic activity of P. aeruginosa strains 

and to assume that the more pyocyanin produced, the more 

hydrocarbons would be assimilated and transformed, we 

chose as the main objective of this study to evaluate the 

biodegradation of pyrene and anthracene in soil by wild 

type strains of P. aeruginosa and to correlate this with the 

concentration of pyocyanin. 

 

II. MATERIAL AND METHODS 

Pseudomonas aeruginosa 

Nine wild type strains were tested. They were 

taken from the collection of the Laboratory of 

Environmental Microbiology of the Federal University of 

Paraiba, the samples having been collected by our research 

group from highly selective pressure environments, such 

as gas stations, activated sludge and wastewater, all in the 

city of João Pessoa-PB, Brazil (Cavalcanti et al. 2017). 

Some characteristics of these isolates are summarized in 

Tab. 1. 

 

Production of fluorescent pigments and determination 

of the concentration of pyocyanin 

The production of pyocyanin and fluorescein 

was stimulated using traditional media (King, Ward, and 

Raney 1954). The inoculum was prepared with 0.85% 

NaCl solution, standardized with tube No. 1 of the 

MacFarland scale, from fresh culture of each strain of P. 

aeruginosa on nutrient agar (APHA, AWWA, and WEF 

2012). For the synthesis of pyocyanin, 1 mL of the 

suspension was transferred to conical flasks containing 

200 mL of King A broth. Incubation occurred under 150 

rpm shaking at 29±1°C for 72h (El-Fouly et al., 2015). To 

detect fluorescein, King B agar was used. Static incubation 

was conducted under the same temperature and time 

conditions as described above. 

Pyocyanin extraction was conducted by 

combining the two methodologies (Nowroozi, Sepahi, and 

Rashmonejad 2012; Hassani et al. 2011). A 10 mL volume 

of the King A broth containing the cells and the pigment 

dissolved after 72h was transferred to test tubes and then 3 

mL of chloroform was added. After vigorous vortexing, 

the tubes were allowed to stand for 2 hours and the 

pyocyanin in the protonated form was retained in the 

chloroform phase, which turned blue. Then, 1.5mL of the 

blue phase was transferred to another tube and 1 mL of a 

0.2 mol/L HCl solution was added. After vigorous stirring, 

pyocyanin was obtained in its red acidic form. The tubes 

were also allowed to sand for 2 hours. The concentration 

of pyocyanin (μg/mL) was estimated by measuring the 

optical density of the acidified supernatant at λ=520nm. 

The measured value was multiplied by the molar 

extinction coefficient 17.072 (Das and Ma 2013) and 

subsequently corrected for the ratio between the spent 

volume of chloroform in the extraction and the rate for 

acidification. The assay was performed in duplicate. 

 

Index of emulsification of hydrocarbons (En) 

Each strain was inoculated as previously 

described in nutrient broth. After incubation under 

agitation of 150 rpm for 24 h at 29±1°C, a volume of 2 mL 

was transferred to tubes, to which same volume of 

gasoline, kerosene and lubricating oil was added. The 

control of the test was performed with 1% SDS solution. 

The mixture of the aqueous and oily phases was 

accomplished by vigorous vortexing for 2 minutes and 

then allowed to stand. E24-E72 were calculated from the 

height measurement of the emulsion layer, divided by the 

height of the total volume in the tube, multiplied by 100 

(Naem et al. 2017). The test was performed in duplicate. 

 

Biodegradation tests for polycyclic aromatic 

hydrocarbons (PAH) 

The tests were conducted in sealed microcosms 

of polyethylene, filled with 250g of sterile soil 

contaminated with 10 mg/kg of both PAH anthracene and 

pyrene (Merk, Darmstadt, Germany), to which had been 

added 0.25 mL/kg glycerol (Vasconcelos, Oliveira, and de 

França 2013). The function of glycerin was to serve as an 
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alternative source of carbon for the production of biomass 

as well as co-substrate of the PAH removal process, 

representing 0.32 mg/kg of carbon. The PAHs dissolved in 

acetone were sprayed on the soil (Eom et al. 2007), which 

was then stirred and allowed to stand for 30 minutes in a 

sterile environment until solvent volatilization. The soil 

characterization is summarized in Tab. 2. 

Two strains were tested: TGC07 (PYO+) and 

TGC06 (PYO−). The pre-inoculum was prepared from the 

cultures of the King A broth, incubated under agitation at 

150 rpm for 72 h at 29 ± 1°C. Then, a volume of the 

bacterial suspension containing approximately 108 

CFU/mL was added to the microcosms, equivalent to 5% 

of the soil mass contained in the microcosms 

(Palittapongarnpim et al. 1998)and obtaining moisture 

content of about 20%. Incubation occurred for 60 days at 

25°C. The abiotic losses were estimated in the microcosms 

containing the contaminated sterilized soil, added with 

10% (w/v) silver nitrate solution (Vasconcelos, de Frsança, 

and Oliveira 2011). The test was conducted in duplicate. 

The levels of anthracene and pyrene were detected by GC-

 MS (Method 8270C) (USEPA 1996). The extracts were 

obtained by soxhlet extraction using dichloromethane 

(Method 3540C)(USEPA 1996) and the preconcentration 

of the samples was conducted under N2 atmosphere. 

Complementary tests 

The biomass value was determined by the dry 

weight technique (Olsson and Nielsen 1997). The P. 

aeruginosa strains were incubated with 150 rpm shaking in 

200 mL of King A broth for 72h. After, a 10 mL volume 

was centrifuged at 10,000 rpm for 15 minutes. The cells 

were rinsed three times with a 0.85% NaCl solution and at 

the end, 10 ml were resuspended and incubated at 80°C for 

24h. The biomass, in dry weight (mg/L), was calculated 

from the difference between the masses before and after 

the incubation. The test was performed in duplicate. 

The estimate of the mineralized CO2 in the 

microcosms was performed as described by Severino et al. 

(2004) each tendays during the biodegradation tests . A 

vessel containing 25 mL of the 0.5 mol/L NaOH solution 

was left inside the microcosms. NaOH was titrated with 

0.5 mol/L HCl solution in the presence of phenol red. The 

amount of CO2 (mg/kg of soil) produced by the strains was 

estimated by the difference between the spent volume of 

acid to neutralize the base in the control and in the 

treatment, using equation Eq. (1): 

CO2 = [(𝑉1 − 𝑉0
)𝑥 44]  ÷ 0.25  

 (1) 

Where V1 - volume (mL) of HCl required to 

neutralize NaOH in the treatment; V0 - volume (mL) of 

HCl required to neutralize the base in the microcosm 

control; 44 - the molecular weight of CO2; and 0.25 - mass 

(kg) of the soil in the microcosm. The focus of the 

following methodology was to estimate gas emission in 

order to discount the estimated values between only two 

conditions: in the first condition, we aimed to detect 

microbiological stimulation due to the addition of glycerol 

rather than to verify from which specific carbon source the 

CO2 had been produced. In the second condition, we 

wanted to find out the amount of CO2 produced by abiotic 

reactions in order to avoid overestimating gas emission. 

Biotic activities in uncontaminated soil were not 

considered in this case because only microbiota were used 

in the microcosm tests. 

Statistical treatment 

The Pearson correlation between the 

concentration of pyocyanin and biomass produced with E72 

was verified, compared to low-pyocyanin-producing 

strains. We used the IBM® SPSS® Statistics version 21 

program, considering significant if p< 0.05. 

 

III. RESULTS 

Production of pyocyanin and correlation with 

emulsification index 

The concentration of pyocyanin produced 

ranged from 0.08 to 28.68 μg/mL on average. Alteration of 

the medium staining occurred in the 48-72h-incubation 

interval. The strains that produced less than 0.80μg/mL 

were coded as PYO− and the others as PYO+. This value 

represents 10 times more than the lowest concentration 

detected. Regardless of the higher or lower concentration 

of the pigment, the determined biomass values were 

similar, ranging from 8 to 10 mg/L, as presented in Tab.3. 

Throughout the emulsification test, when the 

indices were registered, they increased, reaching the 

maximum in t=72h. These values are presented in Table 4. 

The strains were better able to emulsify the kerosene and 

especially the lubricating oil, to the detriment of the 

gasoline. 

In descending order, the percentages of strains 

that emulsified the fuels were: 100% (lubricating oil), 89% 

(kerosene) and 22% (gasoline). The E72 in the control was 

higher than the maximum obtained by the P. aeruginosa 

strains with the gasoline, but lower than that verified in the 

lubricating oil, except for the PYO− strains. In relation to 

kerosene, the results were quite different: E72 was the same 

as that determined by five strains, inferior to three 

(TGC01, TGC03 and TGC09) and superior to one 

(TGC06). 

Among the PYO+ strains, a 96.7% correlation 

was found between the synthesis of pyocyanin and E72 of 

the lubricating oil (p= 0.07). A high correlation (92.6%) 

was also obtained between E72 of the lubricating oil and 

kerosene (p= 0.023). Although statistically non-significant 

(p= 0.18), there was a 70.7% correlation between biomass 

production and pyocyanin synthesis. The same pattern, 
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however was observed among PYO− (72.2%, p= 0.28). No 

other comparisons were statistically significant. 

 

Biodegradation of anthracene and pyrene 

The percentages of removal of the two PAH by 

TGC07 (PYO+) and TGC06 (PYO−) were different, in 

terms of the pyocyanin concentration. TGC07 produced 

approximately 60 times more pyocyanin than TGC06 and 

archived higher biodegradation rates of the anthracene and 

pyrene. After 60 days of processing, the performance of 

TGC07 in both compounds degradation was about 45 and 

65% higher than TGC06. There was a preferential 

degradation of the anthracene to the detriment of pyrene in 

both strains, and TGC07 produced 25% more CO2, 

compared to TGC06. The results obtained are presented in 

Tab. 5. 

 

IV. DISCUSSION 

Production of pyocyanin 

The particular nutritional and metabolic 

versatility presented by P. aeruginosa makes the bacteria 

common to different environments (Bellin et al. 2014). In 

some of these environments, the nutritional shortage 

especially related to PO4
-3 and Ca+2 ions, forces the 

pyocyanin-producing strains to exhibit the pigment 

(Whooleyand McLoughlin 1982). The synthesis of 

pyocyanin can be a sign of a resistance factor to certain 

compounds present in the environment, which may be 

toxic to other microorganisms, such as heavy metals 

(Muller and Merrett 2004), degermants(Lefebvre et al. 

2017), dyes (Sarioglu et al. 2017) and petroleum 

hydrocarbons (Mittal and Singh 2009). 

Although organic matter is widely available in 

these environments, the selective pressure exerted on the 

microbiota forces P. aeruginosa to combine mechanisms 

to persist (Deng 2012), thus enabling the ability to triumph 

over competing organisms (Özcan and Kahraman 2015). 

On the other hand, factors other than pyocyanin, such as 

alginate production, rhamnolipids and adhesins, among 

others (Winstanley, O’Brien, and Brockhundst 2016; Das 

et al. 2014), favor the resilience of P. aeruginosa since the 

pigment is not synthesized by 5 to 10% of the strains 

(Finlayson et al. 2011). 

In aqueous media, concentrations of pyocyanin 

may range from 0.31 to 80 μg/mL (Hassani et al. 2011; El-

Shouny, Al-Bidani, and Hamza 2011). In vitro production 

display of the pigment occurs within 48 hours if specific 

conditions of temperature and agitation are offered, i.e., 

30°C and 150rpm (Agrawal and Chauhan 2016). With the 

King A medium, the pyocyanin is synthesized during the 

final part of the log phase and at the beginning of the 

stationary phase (Cabeen 2014). This time is dependent on 

the generation time of the strains. Under these cultivation 

conditions, P. aeruginosa tends to have a generation time 

ranging from 3 to 6 h (Vasconcelos, Lima, and Calazans 

2010; Tamagniniand Gonzales 1997), which justifies the 

appearance of the blue-greenish coloration of the strains of 

the present study, between 48 and 72 hours after the 

beginning of the incubation. However, the culture medium 

also influences this result. In mineral broth and GSNB, for 

example, pyocyanin was detected diffused in the medium, 

after 96h of incubation at 37°C (El-Fouly et al. 2015). 

Three strains exhibited concentrations higher 

than 20 μg/mL of pyocyanin after 72h of incubation and 

the maximum value obtained was TGC02 (28.68±0.05 

μg/mL). This concentration was similar to that obtained in 

a recent study, using the same incubation conditions, 26.12 

μg/mL, and when the main source of nitrogen was 13 g/L 

peptone (Agrawal and Chauhan 2016). On the other hand, 

studies that used some modifications of the traditional 

methodology obtained amounts of the pigment between 

9.3 and 42.0 μg/mL (Barakat et al. 2015; El-Fouly et al. 

2011). Thus, for optimization in the process, aiming 

towards the use of PYO+ in the bioremediation of 

hydrocarbons, higher concentrations of pyocyanin might 

be obtained in these strains, suggesting future research on 

the subject. 

 

Correlation of En and biomass production with the 

synthesis of pyocyanin 

In the environment, one of the main roles played 

by P. aeruginosa includes the mineralization of several 

natural or synthetic compounds (Frimmersdorf et al. 

2010). Due to the ability to transform organic matter into 

biomass and energy, the bacterium represents a potential 

bioremediation agent for soils contaminated by 

hydrocarbons (Das and Chandran 2007; Zhang et al. 

2005). Ecologically, pigment synthesis guarantees many 

advantages to P. aeruginosa, even though antimicrobial 

activity against bacteria (Jayaseelan, Ramaswany, and 

Dharmaraj 2014) and fungi (Sudhakar and Karpagam 

2011) is still the most investigated property of pyocyanin. 

In recent years, there has been a growing 

interest in the role of pigment in the biodegradation of 

hydrocarbons (Das and Das 2015; Das et al. 2013). 

Although very recent, the question is important for the 

petroleum industry, as it provides a better understanding of 

the participation of the pyocyanin in the processes of oil 

removal, given the potential of the application of P. 

aeruginosa in the interventions for the removal of oil at 

certain sites. 

Previous studies have shown that the production 

of higher concentration of pyocyanin in PPGAS medium 

was proportional to the increase of E24 in gasoline, diesel 

oil and hexadecane. The pyocyanin was shown to assist in 

the process of synthesis of tensoactive molecules, 
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indispensable for assimilation of these hydrocarbons by 

the bacterium. The highest index obtained was 50%, 

coinciding with the higher concentration of biosurfactant 

synthesized in PPGAS medium. It is important to note that 

pyocyanin has no emulsifying properties but may serve as 

a cellular signal for the synthesis of surfactant compounds 

(Das and Das 2015; Das et al. 2013). 

In the present study, there was a high correlation 

between lubricaton oil and kerosene E72. 

Themoststatistically significant correlation, however, 

occurred with the E72 of the lubricating oil and pyocyanin 

synthesis. This indicated that the type of fuel had the 

highest influence as wel as suggested that pyocyanin might 

be a species-specific factor involved in the degradation of 

the oil by P. aeruginosa. 

The low E72 of gasoline and diesel possibly can 

be explained by the toxicity of these fuels. Both are very 

volatile, a characteris tic that makes them more harmful to 

the cells, when compared to the hydrocarbons endowed 

with longer carbon chains, as in the case of kerosene (C11-

C14) and lubricating oil (C20-C40) (Adam and Duncan 

2002). 

There were no significant differences in the 

determined values of biomass produced. It is known that 

one of the functions of pyocyanin is to participate in the 

process of assimilation of growth factors in environments 

with nutrient scarcity (Tredget et al. 2004). The production 

of pyocyanin in traditional media used in the routine of a 

Microbiology laboratory is based on the energy state of P. 

aeruginosa, which is reduced under conditions of low 

nutrient concentration, resulting in a decrease in the 

growth rate and an increase in the concentration of 

pigment. On the other hand, under favorable nutritional 

conditions, the energy generation capacity increases, 

reflecting in the growth rate, with repression of the 

synthesis of pyocyanin (Whooley and McLoughlin 1982). 

This fact could not be observed in the present 

study. In theory, the biomass values of the five PYO+ 

strains should have been lower than the other four PYO− 

strains. However, the medium used in the test had peptone 

and glycerol in its composition, factors that stimulate 

pigment synthesis, as well as being responsible for the 

development of biomass (Norman et al. 2004). This 

association of nutrients justifies the high percentage of 

correlation between these variables. 

To reinforce this observation, a recent study on 

the production of biosurfactants by P. aeruginosa strains 

showed a significant increase in microbial biomass when 

the peptone content was increased 3.5-fold and the 

glycerol concentration reduced to half of the content of the 

LB broth composition. Under these conditions, pyocyanin 

was also synthesized, because the oligopeptides present in 

peptone serve as essential nutrients for the synthesis of 

fluorescent pigments (Das et al. 2015). 

This opens new horizons to try to identify 

whether the En of certain hydrocarbons correlates better 

with the biomass or the concentration of pyocyanin or 

both. The findings of this work suggest higher correlations 

with the production of pyocyanin and, thus, indicate P. 

aeruginosa as one of the species with potential for 

applications in bioremediation. 

 

Effect of the concentration of pyocyanin on the 

biodegradation of PAH 

PAHs are compounds with high mutagenic and 

carcinogenic potential, formed in incomplete combustion 

processes and released into the environment, the vast 

majority as a result of human activity (Romero et al. 

2010). The physicochemical properties of PAH give these 

compounds a recalcitrant nature when present in soil (Van 

Herwijnen et al. 2003). When they have 2 and 3 rings, 

such as anthracene, they are referred to as low molecular 

weight PAH. Those containing 4 rings, such as pyrene, or 

above, are classified as PAH of high molecular weight 

(Daugulisand McCracken 2003). The assimilation and 

mineralization of PAH in soils is only possible for certain 

organisms that exhibit hydrocarboclastic activity, as in the 

case of P. aeruginosa(Bello-Akinoso et al. 2016). 

Preferred degradation of a certain microbe by a 

class of PAH or to a specific PAH can be verified from the 

determination of the ratio of the initial and final 

concentrations of the high and low molecular weight of the 

PAHs. The negative value indicated that the preferential 

consumption of P. aeruginosa strains was by anthracene 

(Tolun et al. 2006). In a previous study, anthracene was 

also the most consumed PAH when mixed with pyrene 

(Dean-Ross, Moody, and Cerniglia 2002). However, in the 

literature the preferential consumption by high molecular 

weight PAH has been well documented (Cavalcanti et al. 

2017; Vasconcelos, Oliveira, and de França 2013; 

Vasconcelos, de França, and Oliveira 2011; Bengtsson and 

Zerhouni 2003). The greater consumption of anthracene by 

TGC06 and TGC07 strains may be justified by some 

characteristics of the molecule: solubility in water (0.7 

mg/L) and vapor pressure (2.55x10-5 mmHg), higher than 

pyrene, which presents 0.145 mg/L and 4.25x10-6 mmHg, 

respectively (Bojes and Pope 2007; Mrozik, Piotrowska-

Seget, and Łabużek 2003). 

The degradation of the anthracene by P. 

aeruginosa begins with the oxidation at the 1,2-position of 

the molecule and in the sequence fission of the ring occurs, 

producing salicylate and catechol, which undergoes ortho- 

or meta-cleavage form intermediates of the tricarboxylic 

acid cycle (Yong and Zhong 2013). From these 

intermediates, the energy required for the anthracene to be 
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used as the co-substrate in the removal of the pyrene is 

provided. It is possible that with the depletion of glycerol, 

the anthracene assumed the co-substrate function, 

justifying its greater reduction by the two tested strains. 

Cometabolism is one of the microbial strategies 

for the removal of recalcitrant compounds in soil. 

Cavalcanti et al. (2017) described the event by 

investigating the role of cakes from the processing of 

oleaginous plants as co-substrates during the removal of 

phenanthrene and pyrene, employing consortia composed 

of different pseudomonad strains. After 60 days, there was 

a preference for pyrene and part of this removal, about 

80%, was aided by the consumption of phenanthrene, since 

there was no supplementation of the soil with another 

carbon source. 

The co-substrates are also important for the 

maintenance of the biomass throughout the hydrocarbon 

removal bioprocess. In addition, an inoculum with high 

cell concentration ensures that the expected adaptation 

events, subsequent to the introduction of the strains in the 

soil, are not significantly affected and therefore do not 

reflect a reduction of the biodegradation rate in the first 

days (Baggi 2000). 

Although the nutritional versatility of P. 

aeruginosa may simplify the reason for the removal of 

approximately 30% of the two PAH by TGC06, the 

literature proposes that the mechanism that can maintain 

the hydrocarbonoclastic activity in PYO− strains is based 

on the hypothesis that P. aeruginosa synthesizes other 

bioactive phenazines, including the final intermediate of 

pyocyanin biosynthesis, MPCAB (5-methylphenazine-1-

carboxylic acid betaine), even if PYO− strains do not 

encode the conversion-related genes in pyocyanin (Chieda 

et al. 2008). In addition, most of phenazinic intermediates 

may act as auto-inducers for the synthesis of tensoactive 

compounds by P. aeruginosa (Bahari et al. 2017; 

Mangwani, Kumari, and Das 2015). 

The concentration of glycerol employed may 

also have governed cell growth after the addition of the 

inoculum to the soil. A previous study evaluated different 

compounds as additional sources of carbon for the 

production of biomass in soils and glycerol exerted this 

function from the concentration of 0.07%. After 24h, more 

than 80% of the compound had diffused into the soil, 

particularly stimulating the cells near the diffusion regions 

(Duquenne et al. 1999). 

The concentration of glycerol employed in the 

experiments resulted in a mass ratio of 100:3 between each 

PAH, individually, with glycerol. The literature reports 

that in a mass ratio of 100:8, there was preferential 

consumption of glycerol by a consortium made up of 

bacteria and fungi (Vasconcelos, Oliveira, and de 

França2013). This interfered negatively in the removal 

percentage of 16 priority PAHs in 60 days. When the mass 

ratio was reduced to 100:3, glycerol could be used as a co-

substrate during the bioremediation process, resulting in  a 

removal of about 70% of the same 16 priority PAHs after 

60 days. It should be noted that the concentrations of 

anthracene and pyrene were ten and one hundred times 

lower than those used in the present study, but the 

percentages of removal of the two PAHs were about 40 

and 71%, which reinforces the function of glycerol as an 

adjuvant and not the preferential source of carbon in both 

that and in our study. 

The moisture content in the microcosms was 

appropriate for the biodegradation process of PAH. In 

addition to being essential for metabolic reactions to occur, 

the water extends the solid/liquid interface, increasing 

oxygen diffusion, as well as mass transfer ratio. In 

addition, water competes for the same PAH adsorption site 

in the soil, allowing an increase in the degree of removal 

of these compounds (Bengtsson and Zerhouni 2003; 

Ettema and Wardle 2002). 

The estimation of CO2 produced is a simple 

alternative monitoring tooland can be applied without the 

obligation of quantification of the cultivable biota 

(Amadori, Fumagall, and Mello 2009). Under the 

conditions offered in the experiments, the emitted 

concentrations of CO2 were compatible to those 

determined in a natural soil, of semi-arid region, with 

moisture content similar to the one used in this work 

(Zhang et al. 2003). This indicates that there was a growth 

stimulation in TGC7 and TGC06 by the addition of 

glycerol. Other supplements available in the literature 

produced distinct responses. While the addition of 40 

mg/kg of peanut and sesame cakes contributed to the 

generation of about 500 mg/kg of CO2 in 60 days 

(Cavalcanti et al. 2017), much lower values(between 2.4 

and 35 mg/kg) were obtained by using 10% (w/w) of 

sugarcane bagasse, manure and castor cake (Severino et al. 

2004). 

The diffusion constant of pyocyanin in the soil 

is 0.5 x 10-9 m2/s, which in solid media represents a 

diffusion time of 3 minutes between two points measuring 

1 μm, distant from each other, 1 mm (Bellin et al. 2014). It 

is important to emphasize that pyocyanin, as a bioactive 

compound, the in situ application of pyocyanin-producing 

strains, may lead to disturbances of the microbiota present 

in the area to be treated. The same can be intuited when P. 

aeruginosa is investigated on a laboratory scale. A study 

on the subject was conducted and verified that some 

members of the microbial community were inhibited in the 

presence of 9.5M of pyocyanin, and even then, after 50 

days of the process, there was specific removal of 

dibenzothiophenes, naphthalene, and C29-C30 

Hopanes(Norman et al. 2004). It was concluded that the 
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use of pyocyanin-producing strains is possible, since the 

excreted pyocyanin may affect other microorganisms, even 

though this inhibition will be limited to the space 

surrounding the P. aeruginosa colony in the soil (Ajello 

and Hoadley1976). 

Because pyocyanin assumes the role of auto-

inducer in cell signaling processes that result in the 

synthesis of surfactant compounds, the molecule emerges 

as an interesting research target, among the possible 

metabolic strategies employed by P. aeruginosa in 

hydrocarbon mineralization (Vinckx et al. 2010). 

Biosurfactants secreted in the soil favor the displacement 

of the bacterium towards PAH and consequently its 

assimilation (Kaskatepe and Yildiz 2016; Alsohim et al. 

2014). In addition, pyocyanin when involved in the P. 

aeruginosa density sensing mechanism may also 

participate in the expression of genes involved in the 

development of biofilms and favor the degradation of 

some PAHs, including pyrene (Mangwani, Kumari, and 

Das 2015). If we consider that similar results by PYO− in 

the anthracene and pyrene degradation, it is possible that 

other phenazines rather than pyocyanin may have been 

involved in the metabolism ofhydrocarbons by P. 

aeruginosa. A deepening of these new fronts of research 

that have emerged from this work guides and encourages 

future studies that will try to better understand the 

mechanisms of this process. 

 

V. CONCLUSION 

Under the conditions established by the present 

study, pyocyanin wasinvolved in the emulsification of 

lubricating oil and biodegradation of two PAH by P. 

aeruginosa. However, the strains continued to exert 

hydrocarbonoclastic activity even when pyocyanin was 

synthesized in low concentrations . The preliminary results 

suggest that the phenotypic criterium of pigment 

production may be relevant in the choice of P. aeruginosa 

aiming complex hydrocarbons biodegradation propouses. 

 

ACKNOWLEDGMENTS 

We acknowledge CNPqand UFPB for the 

financial support. The English text of this paper has been 

revised by Sidney Pratt, Canadian, MAT (The Johns 

Hopkins University), RSAdip - TESL (Cambridge 

University). 

 

REFERENCES 

[1] Abdul-Hussein, Z.R., and Atia, S.S. 2016. 

Antimicrobial effect of pyocyanin extracted from 

Pseudomonas aeruginosa. Eur. J. Exp. Biol. 6 (1): 1-

4. 

[2] ABNT. 1984. NBR 7181. Solo – Análise 

Granulométrica. Rio de Janeiro: ABNT. 

[3] Abu, E.A., SU, S., Sallans, L., Boissy, R.E., 

Greatens, A., Heineman, W.R., andHassett, D.J. 

2013. Cyclic voltammetric, fluorescence and 

biological analysis of purified aeruginosin A, a 

secreted red pigment of Pseudomonas aeruginosa 

PAO1. Microbiology. 159 (8): 1736-1747. 

[4] Adam, G., and Duncan, H. 2002. Influence of diesel 

fuel on seed germination. Environ.Pollut. 120 (3): 

363-370. 

[5] Agrawal, A.H., and Chauhan, P.B. Effect of 

cultivation media components on pyocyanin 

productions and its application in antimicrobial 

property. 2016.Int. J.Curr. Adv. Res. 5 (4): 829-833. 

[6] Ajello, G, and Hoadley, A.W. 1976. Fluorescent 

pseudomonads capable of growth at 41 degrees C but 

distinct from Pseudomonas aeruginosa. Can. J. 

Microbiol. 18 (5): 1769-1773. 

[7] Allydice-Francis, K., and Brown, P.D. 2012. 

Diversity of antimicrobial resistance and virulence 

determinants in Pseudomonas aerugionosaassociated 

with fresh vegetables. Int. J. Microbiol. 2012: 1-7. 

doi:10.1155/2012/42624. 

[8] Alsohim, A.S., Taylor, T.B., Barrett, G.A., Gallie, J., 

and Zhang, X-X., Altamirano-Junqueira, A.E., 

Johnson, L.J., Rainey, P.B., and Jackson, R.W. 2014. 

The biosurfactant viscosin produced by Pseudomonas 

aeruginosa SBW25 aids spreading motility and plant 

growth promotion. Environ Microbiol. 16 (7): 2267–

2281. 

[9] Amadori, C., Fumagalli, L.G., and Mello, N.A. 2009. 

Análise de métodos quantitativos de atividade 

microbiana em diferentes sistemas de manejo. 

SynergismusScyentifica UTFPR. 4 (1): 1-3. 

[10] APHA, AWWA, and WEF. 2012. Standard methods 

for the examination of water and wastewater. 

Baltimore: APHA, AWWA, WEF. 

[11] Atzél, B., Szoboszlay, S., Mikuska, Z., and Kriszt, B. 

2008. Comparison of phenotypic and genotypic 

methods for the detection of environmental isolates 

of Pseudomonas aeruginosa. Int. J.Hyg. Environ. 

Health. 221 (1-2): 143-155. 

[12] Baggi, G. 2000. Ecological implications of 

synergistic and antagonistic interactions among 

growth and non growth analogs present in mixture. 

Ann. Microbiol.50 (2): 103-115. 

[13] Bahari, S., Zeighami, H., Mirshahabi, H., Roudashti, 

S., and Haghi, F. 2017. Inhibition of Pseudomonas 

aeruginosa quorum sensing by subinhibitory 

concentrations of curcumin with gentamicin and 

azithromycin. J. Global Antimicrob. Resist. 10 (1): 

21-28. 

[14] Barakat, K.M., Mattar, M.Z., Sabae, S.Z., Darwesh 

O.M., and Hassan, S.H. 2015. Production and 

https://dx.doi.org/10.22161/ijaers.5.7.28
http://www.ijaers.com/


International Journal of Advanced Engineering Research and Science (IJAERS)                                 [Vol-5, Issue-7, July- 2018] 

https://dx.doi.org/10.22161/ijaers.5.7.28                                                                                  ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 219  

 

characterization of bioactive pyocyanin pigment by 

marine Pseudomonas aeruginosa Osh1. Res. J. 

Pharm. Biol. Chem. Sci.6 (5): 933-943. 

[15] Bellin, D.L., Sakhtah, H., Rosenstein, J.K., Levine, 

P.M., Thimot, J., Emmett, K., Dietrich, L.E.P., and 

Shepard, K.L. 2014. Integrated circuit-based 

electrochemical sensor for spatially resolved 

detection of redox-active metabolites in biofilms. 

Nature Comm.5 (3256). doi: 10.1038/ncomms4256. 

[16] Bello-Akinoso, M., Makofane, R., Adeleke, R., 

Thantsha, M., Pillay, M., and Chirima, G.J. 2016. 

Potential of polycyclic aromatic hydrocarbon-

degrading bacterial isolates to contribute to soil 

fertility. Biomed. Res. Int. 2016: 1-10. doi: 

10.1155/2016/5798593. 

[17] Bengtsson, E., and Zerhouni, P. 2003. Effects of 

carbon substrate enrichment and DOC concentration 

on biodegradation of PAHs in soil. J. Appl. 

Microbiol. 94 (4): 608-617. 

[18] Bojes, H.K., and Pope, P.G. 2007. Characterization 

of EPA’s 16 priority pollutant polycyclic aromatic 

hydrocarbons (PAHs) in tank bottom solids and 

associated contaminated soils at an exploration and 

production sites in Texas. 

Regul.Toxicol.Pharmacol.47 (3): 288-295. 

[19] Cabeen, M.T. 2004. Stationary phase-specific 

virulence factor overproduction by a lasR mutant of 

Pseudomonas.PLOS One. 9 (2): 1-9.doi: 

10.1371/journal.pone.0088743. 

[20] Cavalcanti, T.G., Souza, A.F., Ferreira, G. F., Dias, 

D.S.B., Severino, L.S., Morais, J.P.S., Sousa, K.A., 

andVasconcelos, U. 2017. Use of agro-industrial 

waste in the removal of phenanthrene and pyrene by 

microbial consortia in soil. Waste Biomass Valor. 

2017: 1-10. doi: 10.1007/s12649-017-0041-8. 

[21] Chieda, Y., Iiyama, K., Lee, J.M., Kusakabe, T., 

Yasunaga-Aoki, C., and Shimizu, S. 2008; 

Inactivation of pyocyanin synthesis genes has  no 

effect on the virulence of Pseudomonas aeruginosa 

PAO1 toward the silkworm Bombyx mori. FEMS 

Microbiol. Lett. 278 (1): 101–107. 

[22] Das, D., Baruah, R., Roy, A.S., Singh, A.K., Boruah, 

H.P.D., Kalita, J., and Bora, T.C. 2014. Complete 

genome sequence analysis of Pseudomonas 

aeruginosa N002 reveals its genetic adaptation for 

crude oil degradation. Genomics. 105 (3): 182-190. 

[23] Das, K., and Chandran, P. 2007. 2007. Microbial 

degradation of petroleum hydrocarbon contaminants: 

an overview. Biotechnol. Res. Int. 2011: 1-13. doi: 

10.4061/2011/941810. 

[24] Das, P., and MA, L.Z. 2013. Pyocyanin pigment 

assisting biosurfactant-mediated hydrocarbon 

emulsification. Int.Biodeterior.Biodegrad.85 (11): 

278-283. 

[25] Das, S., and Das, P. 2015. Effects of cultivation 

media components on biosurfactant and pigment 

PAO1. Braz. J. Chem. Eng. 32 (2): 317-324. 

[26] Das, T., Kutty, S.K., Kumar, N., and Manefield, M. 

2013. Pyocyanin facilities extracellular DNA binding 

to Pseudomonas aeruginosa influencing cell surface 

properties and aggregation. PLOS One.8: 1-11. doi: 

10.1371/journal.pone.0058299. 

[27] Daugulis, A.J., and McCracken, C.M. 2003. 

Microbial degradation of high and low molecular 

weight polyaromatic hydrocarbons in a two-phase 

partitioning bioreactor by two strains of 

Sphingomonassp. Biotechnol. Lett. 25 (17): 1441-

1444. 

[28] Dean-Ross, D., Moody, J., and Cerniglia, C.E. 2002. 

Utilization of mixtures of polycyclic aromatic 

hydrocarbons by bacteria isolated from contaminated 

sediment. FEMS Microbiol. Ecol. 41 (1): 1-7. 

[29] Deng, H.  2012. A review of diversity-stability 

relationship of soil microbial community: What do 

we not know? J. Environ. Sci. 24 (6): 1027-1035. 

[30] Duquenne, P., Chenu, C., Richard, G., and Catroux, 

G. 1999. Effect of carbon source supply and its 

location on competition between inoculated and 

established bacterial strains in sterile soil microcosm. 

FEMS Microbiol. Ecol.29 (4): 331-339. 

[31] El-Fouly, M.Z., Sharaf, A.M., Sahim, A.A.M., and 

El-Bialy, H.A. 2015. Biosynthesis of pyocyanin 

pigment by Pseudomonas aeruginosa. J. Rad. Res. 

Appl. Sci. 8 (1): 36-48. 

[32] El-Shouny, W.A., Al-Baidani, A.R.H., and Hamza, 

W.T. 2011. Antimicrobial activity of pyocyanin 

produced by Pseudomonas aeruginosa isolated from 

surgical wound-infections. Int. J.Pharm. Med.Sci. 1 

(1): 1-7. 

[33] EMBRAPA. 1979. Manual de métodos de análises 

de solos. Rio de Janeiro: SNLCS. 

[34] Eom, I.C., Rast, C., Veber, A.M.,andVasseur, P. 

2007. Ecotoxicity of polycyclic aromatic 

hydrocarbons (PAH)-contaminated soil. Ecotoxicol. 

Environ.Saf.67 (2): 190-205. 

[35] Ettema, C.H., and Wardle, D.A. 2002. Spatial soil 

ecology. Trends Ecol.Evol. 17 (2): 177-183. 

[36] Ferguson, D., Cahill, O.J., and Quiilty, B. 2007. 

Phenotypic, molecular and antibiotic resistance 

profiling of nosocomial Pseudomonas aeruginosa 

strain isolated from two Irish hospitals. J. Med.Biolol. 

Sci.1 (1): 1-15. 

[37] Filinov, A.E., Akhmetov, L.I., Puntus I.F., Esikova, 

T.Z., Gafarov, A.B., Kosheleva, I.A., and Boronin, 

A.M. 2010. Horizontal transfer of catabolic plasmids 

https://dx.doi.org/10.22161/ijaers.5.7.28
http://www.ijaers.com/


International Journal of Advanced Engineering Research and Science (IJAERS)                                 [Vol-5, Issue-7, July- 2018] 

https://dx.doi.org/10.22161/ijaers.5.7.28                                                                                  ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 220  

 

and naphtalene biodegradation in open soil. 

Microbiology. 79 (2): 184-190. 

[38] Finlayson, E.A., and Brown, P.D. 2011. Comparison 

of antibiotic resistance and virulence factors in 

pigmented and non-pigmented Pseudomonas 

aeruginosa. West Indian Med. J. 60 (1): 24-32.  

[39] Frimmersdorf, E., Horatzek, S., Pelnikevich, A., 

Wiehlmann, L., and Schomburg, D. 2010. How 

Pseudomonas aeruginosa adapts to various 

environments: a metabolomic approach. Environ. 

Microbiol. 12 (6): 1734–1747. 

[40] Hassani, H.H., Hasan, H.M., Al-Saadi, A., Ali, A.M., 

and Muhammad, M.H. 2011. A comparative study on 

cytotoxicity and apoptotic activity of pyocyanin 

produced by wild type and mutant strains of 

Pseudomonas aeruginosa. Eur. J. Experiment. Biol. 2 

(5): 1389-1394. 

[41] Jayaseelan, S., Ramaswamy, D., and Dharmaraj, 

S.2014. Pyocyanin: production, applications, 

challenges and new insights. World J. 

Microbiol.Biotechnol. 30 (4): 1159-1168. 

[42] Karamalidis, A.K., Evangelou, A.C., Karabika, E., 

Koukkou, A.I., Drainas, C., and Voudrias, E.A. 2010. 

Laboratory scale bioremediation of petroleum-

contaminated soil by indigenous microorganisms and 

added Pseudomonas aeruginosa strain Spet. 

Bioresour. Technol. 111 (6): 6545-6552. 

[43] Kaskatepe, B., and Yildiz, S. 2016. Rhamnolipid 

biosurfactants produced by Pseudomonas species. 

Braz. Arch. Biol. Technol. 59 (1): 1-16. 

[44] Kerr, K.G., and Snelling, A.M. 2009. Pseudomonas 

aeruginosa: a formidable and ever-present adversary. 

J. Hosp.Infec. 73 (4): 338-344. 

[45] King, E.O., Ward, M.K., and Raney, D.E. 1954. Two 

simple media for the demonstration of pyocyanin and 

fluorescein. J. Lab. Clin Med. 44 (2): 301-307. 

[46] Lefebvre, A., Bertrand, X., Quantin, C., Vanhems, P., 

Lucet, J-C., Nuemi, G., Astruc, K., Chavanet, P., and 

Aho-Glélé, L.S. 2017. Association between 

Pseudomonas aeruginosa positive and healthcare-

associated cases: nine-year study at one university 

hospital. J. Hosp.Infect. 96 (3): 238-243. 

[47] Maia, A.A., Cantisani, M.L., Esposto, E.M., Silva, 

W.C.P., Rodrigues, E.C.P., Rodrigues, D.P., 

andLázaro, N.S. 2009.Resistência antimicrobiana 

de Pseudomonas aeruginosa isolados de pescado e de 

cortes e de miúdos de frango. Ciência Tec.Alim.29 

(1): 114-119. 

[48] Mangwani, N., Kumari, S., andDas, S. 2015. 

Involvement of quorum sensing genes in biofilm 

development and degradation of polycyclic aromatic 

hydrocarbons by a marine bacterium Pseudomonas 

aeruginosa N6P6. Appl. Microbiol.Biotechnol. 99 

(23): 10283-10297. 

[49] Martins, V.V., Macareno, A.C., Gradella, D.G., and 

Stehling, E.G. 2014. Antagonism between clinical 

and environmental isolates of Pseudomonas 

aeruginosa against coliforms. Wat Sci Technol: Wat 

Supply. 14 (1): 99-106. 

[50] Mavrodi, D.V., Bonsall, R., Delaney, S.M., Soule, 

M.J., Phillips, G., and Thomashow, L.S. 2001. 

Functional analysis of genes for biosynthesis of 

pyocianin and phenazine-1-carboxamide from 

Pseudomonas aeruginosa PA01. J.Bacteriol. 183 

(21): 6454-6465. 

[51] Mittal, A., and Singh P. 2009. Isolation of 

hydrocarbon degrading bacteria from soils 

contaminated with crude oil spills. Ind. J. Exp.Biolol. 

47 (9): 760-765. 

[52] Mrozik, A., Piotrowska-Seget, Z., and Łabużek, S. 

203. Bacterial degradation and bioremediation of 

polycyclic aromatic hydrocarbons. Pol. J. Environ. 

Stud. 12 (1): 15-25. 

[53] Muller, M., and Merrett, N.D. 2014. Pyocyanin 

production by Pseudomonas aeruginosa confers 

resistance to ionic silver. Antimicrob. Agent 

Chemother. 58 (9): 5492-5499. 

[54] Naeem, A.H., Mumtazi, S., Haleem, A., Qazil, M.A., 

Malik, Z.A., Dastil, J.I., and Ahmed, S. 2017. 

Isolation and molecular characterization of 

biosurfactant-producing bacterial diversity of 

Fimkassar oil field, Pakistan. Arab. J. Sci. Eng. 42 

(6): 2349-2359. 

[55] Norman, R.S., Moeller, P., McDonalds, T.J., and 

Morris, P.J. 2004. Effect of pyocyanin on a crude-oil-

degrading microbial community. Appl. Environ. 

Microbiol. 70 (7): 4004-4011. 

[56] Nowroozi, J., Sepahi, A.A., andRashmonejad, A. 

2012. Pyocyanine biosynthetic genes in clinical and 

environment isolates of Pseudomonas aeruginosa 

and detection of pyocianine’s antimicrobial effects 

with and without colloidal silver nanoparticles. Cell 

J. 14 (1): 7-18. 

[57] Olsson, L., and Nielsen, J. 1997. On-line and in situ 

monitoring of biomass in submerged cultivations. 

Trends Biotech. 15 (12): 517-522. 

[58] Özcan, D., and Kahraman, H. 2015. Pyocyanin 

production in the presence of calcium ion in 

Pseudomonas aeruginosa and recombinant bacteria. 

Turk. J. Sci. Technol. 10 (1): 13-19. 

[59] Palittapongarnpim, M., Pokethitiyook, P., Upatham, 

E.S., and Tangbanluekal, L. 1998. Biodegradation of 

crude oil by soil microorganisms in the tropic. 

Biodegradation. 9 (2): 83-90. 

https://dx.doi.org/10.22161/ijaers.5.7.28
http://www.ijaers.com/


International Journal of Advanced Engineering Research and Science (IJAERS)                                 [Vol-5, Issue-7, July- 2018] 

https://dx.doi.org/10.22161/ijaers.5.7.28                                                                                  ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 221  

 

[60] Pirnay, J.P., Matthijs, S., Colak, H., Chablain, P., 

Bilocq, F., Van Eldere, J., De Vos, D., Zizi, M., 

Triest, L., and Cornelis, P. 2005. Global 

Pseudomonas aeruginosa biodiversity as reflected in 

a Belgian river. Environ. Microbiol. 7 (12): 969-980. 

[61] Romero, M.C., Urrutia, M.I., Reinoso, H.E., 

andKiernan, M.M. 2010. Benzo[a]pyrene degradation 

by soil filamentous fungi. J. Yeast Fungal Res. 1 (2): 

25-29. 

[62] Salam, L.B. 2016. Metabolism of waste engine oil by 

Pseudomonas species. 3 Biotech. 6 (1): 1-10. 

[63] Sales-Neto, J.M., Lima, E.A, Cavalcanti-Silva, 

L.H.A., Vasconcelos, U.,and Rodrigues-

Mascarenhas, S. 2016. Pyocyanin-induced reduction 

of pro-inflammatory mediators in peritoneal 

macrophages. Exp.Pathol. Health Sci. 8 (3): 69-70.  

[64] Sarioglu, O.F., SanKeskin, N.O., Celebioglu, A., 

Tekinay, T., and Uyar, T. 2017. Bacteria 

encapsulated electrospun nanofibrous webs for 

remediation of methylene blue dye in water. 

Azoreductase kinetics and gene expression in the 

synthetic dyes-degrading Pseudomonas. Colloids 

Surf. B Biointerfaces. 152: 245-251. doi: 

10.1016/j.colsurfb.2017.01.034. 

[65] Scott-Thomas, A.J., Syhre, M., Pattemore, P.K., 

Epton, M., Laing, R., Pearson, J., and Chambers, S.T. 

2010. 2-aminoacetophenone as a potential breath 

biomarker for Pseudomonas aeruginosa in the cystic 

fibrosis lung. BMC Pulm Med. 10 (56): 1-10. doi: 

1471-2466/10/56. 

[66] Severino, L.S., Costa, F.X., Beltrão, N.E.B., and 

Lucena, M.A. 2004. Mineralização da torta de 

mamona, esterco bovino e bagaço de cana estimada 

pela respiração microbiana. Rev. Biol.Ciên. Terra. 5 

(1): 1-6. 

[67] Shekhar, S.K., Godheja, J., and Modi, D.R. 2015. 

Hydrocarbon bioremediation efficiency by five 

indigenous bacterial strains isolated from 

contaminated soils. Int. J.Curr. Microbiol. Appl. Sci. 

4 (3): 892-905. 

[68] Sudhakar, T, Karpagam, S. 2011. Antifungal efficacy 

of pyocyanin produced from bioindicators of 

nosocomial hazards. Int. J. Chem. Tech. 5. doi: 

10.1109/GTEC.2011.6167673. 

[69] Tamagnini, L.M., and Gonzales, R.D. 1997. 

Bacteriological stability and growth kinetics of 

Pseudomonas aeruginosa in bottled water. J. Appl. 

Microbiol.83 (1): 91-94. 

[70] Tolun, L., Martens, D., Okay, O.S., and Schramm, 

K.W. 2006. Polycyclic aromatic hydrocarbon 

contamination in coastal sediments of the Izmit bay 

(Marmara sea): case studies before and after the Izmit 

earthquake. Environ.Pollut. 32 (6): 758-765. 

[71] Tredget, E.E., Shankowsky, H.A., Rennie, R., 

Burrell, R.E., and Logsetty, S. 2004. Pseudomonas 

infections in thermally injured patient. Burns. 30 (1): 

3-26. 

[72] USEPA: Method 351.2 (1993). 

[73] USEPA: Method 3540C (1996). 

[74] USEPA: Method 365.3 (1978). 

[75] USEPA: Method 8270C (1996). 

[76] USEPA: Method 9060 (1996). 

[77] Van Herwijnen, R., Van de Sande, B., Van der Wiele, 

F.W.M., Springael, D., Govers, H.A.J., and Parsons, 

J.R. 2003. Influence of phenanthrene and 

fluoranthene on the degradation of fluorene and 

glucose by Sphingomonassp. strain LB126 in 

chemostat cultures. FEMS Microbiol. Ecol. 46 (1): 

105-111. 

[78] Vasconcelos, U., De França, F.P., andOliveira, F.J.S. 

2011. Removal of high-molecular weight polycyclic 

aromatic hydrocarbons. Quim Nova. 34 (2): 218-221. 

[79] Vasconcelos, U., Lima, M.A.G.A., Calazans, G.M.T. 

2010. Pseudomonas aeruginosa associated with 

negative interactions on coliform bacteria growth. 

Can. J.PureAppl.Sci.4 (2): 1133-1139. 

[80] Vasconcelos, U., Oliveira, F.J.S., França, F.P. 2013. 

Raw glycerol as cosubstrate on the PHAs 

biodegradation in soil. Can. J.PureAppl.Sci. 7 (1) 

2203-2209. 

[81] Viana, A.A.G., Martins, R.X., Ferreira, G.F., 

Zenaide-Neto, H., Amaral, I.P.G.A., andVasconcelos, 

U. 2017. Pseudomonas aeruginosa and pyocyanin 

negatively act on the establishment of 

Enterobacteriaceae biofilm on a ceramic surface. 

IJERA. 7 (8): 23-30. 

[82] Vinckx, T., Wei, Q., Matthijs, S., and Cornelis, P. 

2010. The Pseudomonas aeruginosa oxidative stress 

regulator OxyR influences production of pyocyanin 

and rhamnolipids: protective role of pyocyanin. 

Microbiology. 156 (3): 678–686. 

[83] Watwood, M.E., White, C.S., and Dahn, C.N. 1991. 

Methodological modifications for accurate and 

efficient determination of contaminant 

biodegradation in unsaturated calcareous soil. Appl. 

Environ. Microbiol. 57 (3): 717-720. 

[84] Whooley, M.A., and McLoughlin, A.J. 1982. The 

regulation of pyocyanin production in Pseudomonas 

aeruginosa. Eur. J. Appl. Microbiol.Biotechnol. 15 

(3): 161-166. 

[85] Winstanley, C., O’Brien, S., and Brockhurst, M.A. 

2016. Pseudomonas aeruginosa evolutionary 

adaptation and diversification in cystic fibrosis 

chronic lung infections. Trends Microbiol. 24 (5): 

327-337. 

https://dx.doi.org/10.22161/ijaers.5.7.28
http://www.ijaers.com/


International Journal of Advanced Engineering Research and Science (IJAERS)                                 [Vol-5, Issue-7, July- 2018] 

https://dx.doi.org/10.22161/ijaers.5.7.28                                                                                  ISSN: 2349-6495(P) | 2456-1908(O) 

www.ijaers.com                                                                                                                                                                            Page | 222  

 

[86] Wu, C-H., Yet-Pole, I., Yu-Hsuan, C., and Lin, C-W. 

2014. Enhancement of power generation by toluene 

biodegradation in a microbial fuel cell in the presence 

of pyocyanin. J. Taiwan Inst. Chem. Eng. 45 (5): 

2319-2324. 

[87] Yin, Y., Papavasiliou, G., Zaborina, O.Y., Alverdy, 

J.C., and Teymour, F. 2017. De novo synthesis and 

functional analysis of polyphosphate-loaded 

poly(ethylene) glycol hydrogel nanoparticles 

targeting pyocyanin and pyoverdin production in 

Pseudomonas aeruginosa as a model intestinal 

pathogen. Ann. Biomed. Eng. 45 (4): 1058-1068. 

[88] Yong, Y-C., and Zhong, J-J. 2013. Regulatin of 

aromatics biodegradation by rhl quorum sensing 

system through induction of catechol meta-cleavage 

pathway. Bioresour. Technol. 136 (5): 761-765. doi: 

10.1016/j.bio rtech.2013.03.134. 

[89] Zhang, G-L., WU, Y-T., Qian, X-P., and Meng, Q. 

2005. Biodegradation of crude oil by Pseudomonas 

aeruginosa in the presence of rhamnolipids. 

J.Zheijiang Univ. Sci. 6 (8): 725-730. 

[90] Zhang, Y., Li, L-H., Wang, Y-F., Tang, F., Chen, Q-

S., Yang, J., Yuan, Z-Y., and Dong, Y-S. 2003. 

Comparison of soil respiration in two gras -dominated 

communities in the Xilin River basin: corelations and 

controls. Acta Botanica Sinica. 45 (9): 1024-1029. 

 

TABLES 

Table.1: Phenotypic characteristics and origin of Pseudomonas aeruginosa strains 

Strain Isolation site Pyo Flu Growth at 42ºC Act Cet 

TGC01 Soil (gas station) + − + + + 

TGC02 Soil (gas station) + + + + + 

TGC03 Soil (gas station) + + + + + 

TGC04 Soil (gas station) + + + + + 

TGC05 Soil (gas station) + + + + + 

TGC06 Soil (gas station) + − + + + 

TGC07 Soil (gas station) + + + + − 

TGC08 Activated sludge + − + + + 

TGC09 Wastewater (pigsty) + − + + + 

Ace – acetamide utilization test; Cet – resistance to cetrimide; Pyo – pyocyanin; Flu – fluorescein. 

 

Table.2: Physical and chemical charcaterization of soil  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Result Reference 

pH 7.7±0.2 (EMBRAPA 1979) 

Holding watercapacity (%) 30.1±0.7 (Watwood, White, and Dahn 1991) 

Humidity (%) 0.31±0.01 (EMBRAPA 1979)  

Grain size distribuition (%)  (ABNT 1984) 

Clay (< 0.02 mm) 0.99  

Silt (0.002-0.02 mm) 1.29  

Fine sand (0.02-0.2 mm) 21.42  

Mediumsand (0.2-0.5 mm) 41.51  

Coarsesand (0.5-1.0 mm) 32.93  

Gravel (> 1.0 mm) 1.86  

Total organic carbon (mg/Kg) 7.4  (USEPA 1996) 

Total N (mg/Kg) 31.8 (USEPA 1993) 

Total P (mg/Kg) 3.4 (USEPA 1978) 
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Table.3: Pyocyanin concentration and culturebiomass (72h)  

 

 

 

 

 

 

 

 

 

 

 

 

Table.4: E72 (%) for fuels from Pseudomonas aeruginosa strains 

Strains 
Fossilefuels 

Gasoline Kerosene Lubricatingoil 

TGC01 (PYO+) − 5.0±0.0 50.0±0.2 

TGC02 (PYO+) − 10.0±0.0 100.0±0.0 

TGC03 (PYO+) − 7.5±0.1 55.0±0.5 

TGC04 (PYO+) − 10.0±0.0 87.5±0.3 

TGC07 (PYO+) 7.5±0.1 10.0±0.1 97.5±0.1 

TGC05 (PYO−) − 10.0±0.1 10.0±0.2 

TGC06 (PYO−) − 22.5±0.1 25.0±0.1 

TGC08 (PYO−) 2.5±0.2 10.0±0.0 5.0±0.1 

TGC09 (PYO−) − − 10.0±0.5 

Control (1% SDS) – gasoline (37.5±0.2), kerosene (10.0±0.0) and lubricating oil (47.5±0.2). 

 

Table.5: Removal of anthacene and pyrene after 60 days of bioprocess*  

Strains 
Pyocyanin 

(μg/mL) 

Biodegradation (% ) 
Δ 

CO2emission 

(mg/Kg) Anthracene Pyrene 

TGC07 21.55±0.92 62.0±0.1 49.2±0.1 - 0.25 422.4±0.5 

TGC06 0.36±0.08 34.1±0.6 29.8±2.3 - 0.06 316.8±0.8 

* Results were calculated with abiotic loss of 15.1±0,1% 

Δ – ratio of initial and final concentration between anthracene and pyrene 

 

 

Strains Pyocyanin(μg/mL) X (mg/L) 

TGC01 8.02±0.01 8.0±0.1 

TGC02 28.68±0.05 10.0±1,4 

TGC03 8.99±0.38 8.0±0,2 

TGC04 20.33±1.98 8.0±0.1 

TGC05 0.13±0.01 8.0±0.1 

TGC06 0.36±0.02 9.0±0,2 

TGC07 21.54±0.33 8.0±0,1 

TGC08 0.08±0.04 8.5±0.7 

TGC09 0.10±0.01 8.5±0.1 
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