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Abstract
In this study, 20 strains of Pseudomonas spp. were tested for their secondary metabolite and degradation in some organic pollutants [1% (v/v) 

benzene, BTX and 2% (v/v) gasoline]. All the strains tested exhibited microbial growth and production of rhamnolipid and pyocyanin in presence of 
hazardous organic pollutants [1% (v/v) benzene, BTX and 2% (v/v) gasoline] as a sole carbon source but 3 strains (P. aeruginosa B3, P. fluorescens 
B5 and P. putida B15), are higher than others. When these cultures were grown in medium containing organic pollutants, while rhamnolipid 
production by these strains ranged from52 mg/L to 2 mg/L, the pyocyanin production was 0.02–1.30 µg/mL. While maximal production for 
rhamnolipid has been obtained in the stationary growth phase, for pyocyanin has been obtained in the exponential growth phase. The results of 
the study may have important implications in both the industrial and environmental areas as well as it can be a potent source for degradation of 
hazardous organic pollutants. 
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INTRODUCTION

The environment is continuously polluted by hazardous 
organic pollutants with different structures and different 
toxicity levels that are released from several sources; the main 
sources of pollution can be identified as industrial activities, 
munitions waste and agricultural practice. The explosive 
development of chemical industries has produced a large 
variety of chemical compounds that include pesticides, fuels, 
alkanes, polycyclic aromatic compounds, dyes and more. 
Although these compounds have contributed to modernize 
lifestyle, several of them may accumulate in soil, water and 
air. Among hazardous organic compounds resulted from 
petrochemical and energy-producing industries, aromatic 
compounds such as benzene, toluene and xylenes are severe 
contaminants (gasoline). Due to their low water solubility, 
acute toxicity and genotoxicity, these compounds are classified 
as priority pollutants by European Environment Agency [15, 
17]. Many microorganisms have been reported to use various 
petroleum hydrocarbons, including BTEX and gasoline as 
their sole carbon and energy substrate, despite their extreme 
insolubility in the aqueous phase. Numerous genera of bacteria 
are known as good hydrocarbon degraders. They tolerate high 
concentrations of the hydrocarbons and have a high capability 
for their degradation. Most of them belong to Pseudomonas, 
Sphingomonas, Aeromonas, Alcaligenes, Acinetobacter, 
Arthobacter, Brevibacterium, Xantomonas, Mycobacterium, 
Rhodococcus and Bacillus species [2, 5, 9]. Bioremediation, 
technique that utilize the microbial ability to degrade and/or 
detoxify chemical substance, is relatively low cost, with low-

technology level, and a high public acceptance. Much work 
has been done on the degradation of single pollutants [15, 17]. 
To obtain an efficient hazardous chemicals-degrading bacterial 
consortium and monocultures, knowledge of the diversity of 
the microbial community present in soils contaminated with 
crude oil, their metabolic features and capacity to degrade crude 
oil are of paramount importance. One of the factors that limits 
biodegradation of oil pollutants is their limited availability 
to microorganisms. However, most of the hazardous organic 
pollutants degraders produce seconder metabolite such as 
surface active compounds named biosurfactants (BS) [6, 14], 
and antimicrobial compounds, pyocyanin [13] P. aeruginosa 
is frequently isolated from petroleum-contaminated sites and 
is capable of producing metabolites (i.e., alginate, rhamnolipid, 
pyocyanin) that enhance its competitiveness and survival [13, 
18, 29, 32]. Biosurfactants have several potential advantages 
which are important for bioremediation applications in 
contaminated environments. These advantages include their 
biodegradability, low toxicity, better specificity for some 
applications, the potential for in situ production, the ability to 
be produced from cheap raw materials, effectiveness at extreme 
conditions of temperature, pH and salinity, and the organisms 
producing them can be modified genetically to overproduce 
these compounds [7, 30]. Recently biosurfactants or 
microorganism-produced biosurfactants have been widely used 
in environmental protection, including enhanced oil recovery 
(EOR), oil spill control, biodegradation and detoxification of 
oil-contaminated industrial effluents and soils [10, 19]. Also, 
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the water-soluble secondary metabolite pyocyanin (1-hydroxy-
5-methylphenazine) has demonstrated antimicrobial 
activity against a variety of microorganisms [4, 13, 28]. 

Our studies have shown that among our microbial 
collection there are microorganisms able to grow hazardous 
organic compounds. Screening activities performed have 
allowed the selection of three microbial strains, such as 
Pseudomonas aeruginosa B3, Pseudomonas fluorescens 
B5 and Pseudomonas putida B15. In present paper, 
the above mentioned strains were investigated produce 
rhamnolipids and pyocyanin and degradation capacity. 
The outcome of this work can be used for research on 
remediation of petroleum-contaminated environments.

MATERIAL AND METHODS

Test chemicals
All chemicals used for media preparation and hazardous 

organic pollutants [Benzene, BTX (Benzene, Toluene, 
Xylene)] were ensured from Merck. The gasoline used in all 
experiments was obtained from gas station (Ankara, Turkey).

Bacterial strains, media and growth conditions
The strains of 20 Pseudomonas spp. used in this study 

were obtained from the culture collection of the Biotechnology 
Laboratuary at Gazi University (Ankara, TURKEY). These 
strains were previously identified by the Analytical Profile Index 
(API 20 NE for Pseudomonas isolates). All of the strains were 
stored on Nutrient Agar Medium (Oxoid) slopes at 4 ◦C and 
stock cultures were maintained at −20 ◦C in 0.5% (v/v) glycerol.

Samples were maintained in 250 mL flasks containing 
50 mL of nutrient broth (NB) culture medium [3] (in g/L: 
peptone, 2.5; NaCl, 2.5; yeast extract 1.0; beef extract 0.5; 
pH 7.0) for metabolite production as a control and Mineral 
Salt Medium (MSM) (Atlas, 1997) (in g/L: Na2HPO4 4.0, 
KH2PO4 1.5, NH4Cl 1.0, MgSO4. 7H2O 0.2, C6H8O7FeNH3 
0.05; Modified Hoagland trace element solution g/3,6 L: BH3  
11.0, MnCl2. 4H2O 7.0, AlCl3  1.0, CoCl2  1.0, CuCl2  1.0, 
KI 1.0, NiCl2  1.0, ZnCl2  1.0, BaCl2  0.5, KBr 0.5, LiCl 0.5, 
Na2MoO4  0.5, SeCl4  0.5, SnCl2.2H2O 0.5, NaVO3.H2O 0.1; 
pH 7.0) for metabolite production and degradation assays.

1 mL of the active cultures was adjusted to Macfarland 5 for 
whole assays and inoculated inside media. The erlanmayer flasks 
were incubated at 37 ºC, at regular time intervals  (24, 48, 72 and 
96 h), by using an incubator shaker (MINITRON) at 100-150 rpm.

NB medium was autoclaved for 15 min at 120 ºC 
but mineral salt solutions were autoclaved separately to 
prevent precipitation reactions. The organic pollutants 
were sterilized through 0.45-µm-pore-size type HA 
membrane filters (Millipore Corp., Bedford, Mass.). 

Biodegradation of organic pollutants
The overnight culture at the log phase of growth were 

transferred to 250 ml flasks, each containing 50 mL of sterile 
defined mineral salts medium (MSM) with [1% (v/v) benzene, 
BTX and 2% (v/v) gasoline] two concentrations of organic 
pollutants. The flasks were incubated in a shaker at 100-150 
rpm at 37 °C. At regular time intervals (24, 48, 72 and 96 h), 
microbial growth for degradation of 1% (v/v) benzene, BTX 
and 2% (v/v) gasoline was monitored by measuring the optical 
density at 600 nm by the spectrophotometer (Hitachi UV-
VIS) and the medium without bacteria served as a control. For 
degradation test, tolerance to various concentration of benzen, 
BTX and gasoline (1%, 2%, 3%, and 4%, v/v) was carried 
out by inoculating 96 h bacterial culture to liquid NB medium 
supplemented with 1% benzen, BTX and gasoline as a sole source 
of carbon. Concentrations used in this research determined 
as %1 v/v for Benzen and BTX and %2 v/v for gasoline. 

Determination of rhamnolipid
Strains were inoculated on 50 mL of sterile defined NB 

(as a control) and MSM containing different concentrations 
of organic pollutants [1% (v/v) benzene, BTX and 2% 
(v/v) gasoline] for biosurfactant production, followed by 
incubation on a rotary shaker (130 rpm) at 30ÚC. Bacterial 
cells were removed from biosurfactant containing medium 
by centrifugation at 6000 rpm for 10 min. This crude extract 
was dried with the aid of a rotary evaporator under vacuum. 
Rhamnolipid concentration was determined according to 
Dubois et al. (1956) by the colorimetric phenolsulphuric 
acid method at 480 nm using the spectrophotometer. 

Determination of pyocyanin
Pyocyanin was extracted from the broth culture of strains as 

previously described Essar et al. [12]. The bacteria were removed 
by centrifugation after incubation. The culture supernatant was 
mixed with chloroform to remove most nonpyocyanin pigments. 
The blue pigments in chloroform were extracted by 10 mM HCl 
followed by neutral water. The pyocyanin was partitioned to the 
HCl aqueous phase, which was taken for quantification at OD520.

Table 1. Different growth levels of 20 Pseudomonas spp. in organic pollutants  (1 % (v/v) Benzene, BTX and 2% (v/v) Gasoline)

Genera Total 
No

Organic 
Pollutants  

ODa (600 nm)

% (v/v) 0.0-0.025 0.026-0.05 0.051-0.1 0.11-0.20 0.21-0.40 0.41-0.8

Pseudomonas 
spp. 20

Benzene 4 8 8 - - -

BTX 1 3 7 9 1 - -

Gasoline 2 12 8 - - - -

-a Number of strains reaching this OD, -: none detected, low growth: 0.0-0.050, moderate growth: 0.051-0.1, high growth: 0.11-0.4, excellent growth: 0.41-0.8 
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RESULTS AND DISCUSSION

The biodegradation of hydrocarbons in polluted 
environment is mainly through the activities of bacteria and 
fungi. Typically, individual organisms degrade only a limited 
range of hydrocarbons. Pseudomonas sp. represents one of the 
most versatile groups of organisms involved in the degradation 
of hydrocarbons [31]. Pseudomonas spp., the organisms used in 
this study, have been investigated to have specificity for a range 
of organic pollutants including petroleum products (benzene, 
BTX and gasoline) commonly used in the Turkey environment. 
For this purpose, firstly absorbance changes in the mineral salt 
medium of cultures were monitored by measuring the optical 
density at 600 nm as spectrophotometric at different time 
intervals (24, 48, 72 and 96 h). When cultures were grown 
in 1% (v/v) benzene, BTX and %2 (v/v) gasoline containing 
MSM medium, absorbance changes generally increased over 
time. These strains capable of utilizing some organic pollutants 
as a carbon source showed growth at 24 h and then the growth 
of these strains became constant. The maximum growth was 
mostly achieved at 72 h of incubation. Therefore, Table 1 was 
prepared according to values at 72 h. Growth rates decreased 
after 4 days of incubation (data not shown). While some strains 

(total 9 strains) exhibited moderate growth in the range of 
0.051-0.1 OD in 1% (v/v) BTX containing MSM medium, 
the only one strain showed high growth (0.11-0.20 OD) at this 
concentration when compared with each other. In 1% (v/v) 
Benzene, while a total 8 strains exhibited moderate growth, the 
same number of strains showed low growth (0.026-0.05 OD) in 
2% (v/v) gasoline containing MSM medium when compared 
with each other. Later, according to results in Table 1, three 
strain (B3, B5 and B15) having appreciable some organic 
pollutants degrading capability were selected. Our research 
work clearly shows that three strain (B3, B5 and B15) can be 
a potent source for degradation of some organic pollutants. 

The various advantages of producing seconder metabolites 
from Pseudomonads include independence from weather 
conditions, easy and fast growth, colors of different shades, 
competitiveness and survival, function in evasion of host defense 
mechanisms, bacterial adhesion and resistance to antibacterial 
agents and growth on cheap substances [8, 16, 20]. Seconder 
metabolites-producing Pseudomonas spp. are finding vast 
potential applications in environmental protection, petroleum, 
food, mining, agriculture, pharmaceutical, textile, leather and 
other industries [26, 27]. Rhamnolipid and pyocyanin are 
secondary metabolites. Production of these metabolites by 

Microorganism Strain No

Pyocyanin Production
(µg/mL)a

Rhamnolipid production
(mg/L)a

Control* Benzene
1% v/v

BTX
1% v/v

Gasoline
2% v/v Control* Benzene

1% v/v
BTX

1% v/v
Gasoline
2% v/v

P. aeruginosa

B1 6,50±0,02 0,90±0,00 0,70±0,00 0,6±0,0 388±0,3 - - -

B2 5,40±0,03 0,90±0,00 1,10±0,00 0,7±0,0 385±0,1 - - -

B3 5,86±0,01 1,30±0,00 1,20±0,00 0,8±0,0 452±0,5 - 0,5±0,0 0,7±0,0

B16 2,11±0,05 0,90±0,00 0,90±0,00 0,5±0,0 347±0,0 - - 20,0±0,1

B19 10,1±0,01 0,80±0,00 1,10±0,00 0,7±0,0 521±0,3 - 0,3±0,0 -

B20 9,81±0,03 0,02±0,00 0,03±0,00 0,7±0,0 467±0,2 - - -

P. fluorescens

B4 - - - - 334±0,0 - - 18,0±0,2

B5 - - - - 339±0,2 1,5±0,1 - 3,0±0,0

B6 - - - - 337±0,4 - - 5,0±0,0

B7 - - - - 339±0,2 - - -

P. stutzeri

B8 - - - - 298±0,2 - - -

B9 - - - - 257±0,3 - - -

B10 - - - - 219±0,4 - - 11,0±0,1

B11 - - - - 263±0,1 - - 31,0±0,0

P. putida

B12 - - - - 474±0,0 - - -

B15 - - - - 427±0,2 - - 52,0±0,2

B18 - - - - 320±0,2 - - 2,0±0,3

P. cepecia
B13 - - - - 327±0,1 - - -

B14 - - - - 336±0,0 - - -

P. luteala B17 - - - - 361±0,0 - - 5,0±0,0

a Values are means±standard deviations of triplicate measurements. 
-: none detected, *: It was used nutrient broth medium (v/v) as control (NB medium).

Table 2. Rhamnolipid and pyocyanin production of 20 Pseudomonas spp. in organic pollutants  (1 % (v/v) Benzene, BTX and 2% 
(v/v) Gasoline)
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Figure 1. Growth and  rhamnolipid production of B5 in Benzene at 
different times.

Figure 2. Growth and  pyocyanin production of B3 in Benzene at 
different times.

Pseudomonas spp. are affected from various carbon sources in 
medium [23, 25]. Onbasili and Aslim [22] found that diversities 
of organic compounds (2,4-D, benzene, BTX and gasoline) as 
carbon source affected the monomer composition of EPS that 
is a seconder metabolite produced by some Pseudomonas spp. 
cultures. Similary, in our study rhamnolipid and pyocyanin 
productions of the 20 strains were studied, with organic 
pollutants [1% (v/v) benzene, BTX and %2 (v/v) gasoline]  
being used as the sole source of carbon at different time intervals 
(24, 48, 72 and 96 h). The results showed that these strains 
produced some metabolites (pyocyanin and rhamnolipids) 
when grown with some organic pollutants as the carbon 
source (Table 2). Several authors reported that pyocyanin and 
rhamnolipid substances had antimicrobial effect against some 
bacteria [1, 20, 21]. Hence, these data suggest that rhamnolipid 
and pyocyanin may contribute to the protective effects against 
organic pollutants toxicity. Osman et al. [24] reported that 
Pseudomonas BOP 100 has the capabilities for production of 
rhamnolipid and pyocyanine when grown on ethanol as sole 
carbon source. Maximum coproduction capacity was observed 
at a concentration of 3% ethanol; yield of rhamnolipids was 3 
g/L, and of pyocyanine 0.2 g/L. Osman et al. [24] and Tuleva et 
al. [29] reported that while maximal production for rhamnolipid 
has been obtained in the stationary growth phase, for pyocyanin 
has been obtained in the exponential growth phase. Norman et 
al. [20] were identified the antibacterial compound pyocyanin, 
in an oil-degrading culture containing P. aeruginosa and it was 
further demonstrated that pyocyanin reached a concentration 
of 9.5 µM in the culture supernatants. Zhang et al. [33] found 
that Pseudomonas aeruginosa produced 15.4 g/L rhamnolipids 
when cultured in a basal mineral medium using glycerol as 
a sole carbon source. Similary, Rashedi et al., [25] reported 
that maximal surfactant production occurred after 96 h of 
incubation, when cells reached the stationary phase of growth. 
This study is supported by studies reported in the literature. 
While the maximum rhamnolipid production by 20 strains was 
mostly achieved at 72 h of incubation, maximum pyocyanin 
production was realized at 48 h of incubation. Table 2 was 
prepared according to values at 48. and 72. h and results were 

lower than that of control. When these cultures were grown 
in medium containing organic pollutants, while rhamnolipid 
production by these strains ranged from52 mg/L to 2 mg/L, 
the pyocyanin production was 0.02–1.30 µg/mL. The amounts 
of rhamnolipid [P. fluorescens B5 (1,5 mg/L in Benzene), P. 
aeruginosa B3 (0,5 mg/L in BTX) and P. putida B15 (52 mg/L 
in gasoline)] and pyocyanin [B3 (1,3 µg/mL in Benzene) (1,2 
µg/mL in BTX) (0,8 µg/mL in gasoline)] produced by three 
strains were highest than the production amount of other 
strains in organic pollutants [1% (v/v) benzene, BTX and %2 
(v/v) gasoline]. The results showed that these three strains 
produced both maximal rhamnolipid (B3, B5 and B15) and 
pyocyanin (B3), as well as degraded some organic pollutants 
efficiently when compared to the individual bacterial cultures 
tested. Also, the cell growth and production curves obtained 
in MSM medium with organic pollutants [1% (v/v) benzene, 
BTX and %2 (v/v) gasoline]  being used as the sole source 
of carbon at different time intervals of strains (B3, B5, B15) 
are shown in Fig 1-6.  The highest metabolite productions of 
selected strains occurred at 48. h for pyocyanin (exponential 
phase) and 72. h for rhamnolipid (stationary phase) of 
incubation, when some organic pollutants were used (Fig 1-6). 
However, the optical density increased with the increase of the 
metabolites. It was apparent from the fact that pyocyanin and 
rhamnolipid were produced in stationary phases of growth, that 
growth rate was an important parameter in theirs synthesis. 

This paper describes preliminary studies to examine 
the data on degradation capability and seconder metabolite 
productions by Pseudomonas spp. of toxic organic pollutants 
commonly used in Turkey. However, further research is 
needed to determine advanced method of degradation and 
structure and properties of the rhamnolipid and pyocyanin 
produced by these strains during a bioremediation 
process. The results of the study may have important 
implications in both the industrial and environmental areas.
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Figure 3. Growth and  rhamnolipid production of B3 in BTX at 
different times.

Figure 4. Growth and  pyocyanin production of B3 in BTX at different 
times.

Figure 5. Growth and  rhamnolipid production of B15 in gasoline at 
different times.

Figure 6. Growth and  pyocyanin production of B3 in gasoline at 
different times.
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