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by Pseudomonas aeruginosa  MTCC 10311
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Abstract

The anionic surfactant sodium dodecyl sulphate (SDS), the core components of detergent and cosmetic

product formulations, contributes significantly to the pollution profile of sewage and wastewater of all kinds. In

this study, 44 SDS degrading strains were isolated by soil enrichment methods and the utilization efficiency

was assessed by methylene blue active substances (MBAS) assay and High performance liquid

chromatography (HPLC) method. Isolate S2 which showed maximum degradation was identified as

Pseudomonas aeruginosa MTCC 10311 based on phenotypic features and 16 S rDNA typing .The isolate

was found to harbor plasmid within the size range of 9-10 kb. The cured derivative of SDS degrading

Pseudomonas aeruginosa was obtained at a frequency of 10.7% by incubation with ethidium bromide (500 mg ml-

1) at 40oC. 96% of SDS degradation occurred at 1500 ppm level within 48 hr of incubation, whereas

higher concentration of SDS (10000 ppm) showed only 20% degradation. The optimum temperature and

pH was 30oC and 7.5, respectively.The additional supplementation of carbon and nitrogen source increased

the degradation capacity from 93 to 95% and 90 to 96% respectively within 36 hrs of incubation.
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Introduction

Surfactants are organic compounds that reduce surface

tension in water and other liquids (Kowalska et al., 2004). In the

domestic waste water, surfactants invariably exist in significant

amount due to detergents used for all kinds of washing. Surfactants

have also been widely used in textiles, fibers, paints, polymers,

cosmetics, pharmaceuticals, mining, oil recovery and paper

industry (Ojo and Oso, 2009 ). These applications of the

surfactant, increasing its discharge in the wastewater, produce

foam and enter into the underground water resources and

constitute an ecological risk for aquatic organisms (Nasiruddin et

al., 2005). Surfactants contain both strong hydrophobic and

hydrophilic moieties. According to the charge of their hydrophilic

moiety, surfactants can be classified into four categories: anionic,

non-ionic, cationic and amphoteric (Mozia et al., 2005). Anionic

surfactants are one of the most frequently employed surfactants

used in detergent formulations. The predominant classes of anionic

surfactant are linear alkylbenzene sulfonate and linear alkyl sulfate

(Liwarska et al., 2006). Sodium dodecyl sulfate (SDS) selected

for the present study is an example of anionic linear alkyl sulfate

(Adac et al., 2005).

Surfactant biodegradation has been the subject of substantial

research since the 1950s when synthetic detergents came into

widespread use ( Mortazavi et al., 2008). An extensive database

has been developed to support new commercial surfactant products

for their safety and acceptable use in the environment. One such

factor, particularly important in surfactant based processes, is the

high concentration of surfactants involved. It is well documented that

most commercial surfactants at low concentration range undergo

rapid and extensive biodegradation where as at higher concentration

rarely undergo rapid degradation in an aerobic environment. But

surfactants at much higher concentrations are commonly encountered

in soil washing and other surfactant-based remediation technologies

(Zhang et al., 1998).
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This article describes the isolation and characterization

of bacteria capable of utilizing the SDS as a sole source of carbon

and optimization of the conditions for degradation. This isolate

would be a useful tool in the bioremediation of high concentration

of SDS.

Materials and Methods

Isolation and identification of bacteria: Soil samples were

collected from detergent contaminated laundry premises of Meenachil

river shore, located in Kottayam, Kerala,India. Isolation was done

by enrichment of the soil extract progressively with sodium dodecyl

sulphate. All the strains isolated at the final SDS concentration of

1500 ppm were again subjected to enrichment with SDS in mineral

salt SDS medium (MSSM). Incubation was carried out at room

temperature (30 ± 2oC) for 48 hr. At the final concentration of 1500

ppm of SDS, there were only 9 strains that could grow in MSSM and

the most efficient strain was selected.

One loopful of the culture was inoculated to a 50 ml of mineral

salt SDS medium (MSSM ). The flasks were incubated overnight at

room temperature (30± 2oC) at 150 rpm. From the culture the cells

were harvested by centrifugation. The pellets were collected

and diluted using physiological saline (0.86% NaCl) till the OD

became 1.

The concentration of SDS was checked by the methylene

blue active substances (MBAS) assay (Ellis et al., 2002).  The

biodegradation was confirmed by isocratic HPLC (Shimadzu) analysis

using reverse phase C-18 column equipped with SP an isocratic

mobile phase gradient of acetonitrile-water (95:5) conducted at a

flow rate of 1 ml min-1. Elution absorption was detected with a

spectrophotometer at 655 nm.

16s rDNA sequencing. The phylogenetic tree for the isolate was

inferred by the neighbor-joining method using the soft ware package

molecular evolutionary genetics analysis (MEGA) version 3.1.

Optimisation of the condition for SDS degradation: A culture

of Pseudomonas aeruginosa was prepared in MSSM medium to

investigate the effects of SDS concentration at range from 500 to

22000 ppm. Also the same culture was used to examine the effects of

incubation temperature under a range of 30-50oC, or to test the

effects of pH at range from 4 to 10 or test the effect of incubation

period or to evaluate the effects of agitation. The effects of surfactant

biomass on the growth of individual bacterial strain MSSM medium

were determined by counting the colony forming unit (CFU) according

to the LB plating method of Claus and Balkwill (1989).

Isolation and curing of plasmid DNA: Plasmid DNA was detected

using Medox–EasyTM ultrapure spin column plamid DNA mini

preparation kit. The plasmid DNA was selectively absorbed in silica

gel based MX-10 column and other impurities such as proteins,

salts, nucleotides, oligos (<40-mer) are washed away. The plasmid

DNA is then eluted off the column and can be used for any downstream

application. The protocol for plasmid curing using the combination of

acridine orange or ethidium bromide and elevated temperature was

as follows; to 100 ml LB broth containing 700 mg ml-1 acridine orange

or 600 mg ml-1 ethidium bromide, overnight grown culture of organism

was inoculated. The percentage curing efficiency was expressed as

number of colonies with cured phenotype per 100 colonies tested.

Results and Discussion

Pseudomonas aeruginosa (MTCC 10311) was isolated from

a detergent contaminated soil. The isolate was capable of degrading

96% of SDS at 48 hr of incubation period. Results were confirmed

Fig. 1: Phylogenetic analysis of Pseudomonas aeruginosa.Phylogenetic tree based on 16 S rDNA sequences drawn using neighbour joining method showing

the relationship between Pseudomonas aeruginosa MTCC 10311 (HM 214777) and representatives of related genera
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Biodegradation of SDS

SDS (10000 ppm) showed only 20% degradation (Fig .2). This

could be due to decrease in substrate bioavailability at the higher

concentration of sodium dodecyl sulfate, which slows down its

degradation. The Acinetobacter johnsoni was able to decrease SDS

level in the growth media from an original of 522 mg l-1 to the extent

of 93.6% within 5 days; whereas, Pseudomonas beteli did so to the

extent of 84.6% (Hosseini et al., 2001). The bacteria may also be

killed by the possible detergent effects which strip the

lipopolysaccharide outer layer of Gram-negative bacteria when the

SDS concentration is high (Abboud et al., 2007). Eventually, the

viability of microorganisms will decrease (Liwarska and Bizukojc ,

2006). Previous study showed optimum growth of Citrobacter braakii

at surfactant concentration of 1 g l-1 (Dhouib et al., 2003). Bacterial

growth on higher SDS concentration has been reported in many

studies but with longer incubation time (120-144 hr)( Abboud et al.,

2007; Shukor et al., 2009;  Khaled, 2006  ).

There was a steady increase in degradation along with

an increase in the incubation time. The isolate showed maximum

degradation within 48 hr (Fig. 4). Hosseini et al. (2007) reported

that  Pseudomonas beteli  was able to degrade 94%  SDS levels

after 120 hr, whereas Schleheck et al. (2003) noticed  90% of

surfactant usage by ‘Citrobacter sp’ within 35 hr of growth. Growth

studies of Pseudomonas aeruginosa MTCC 10311 revealed

that maximum cell concentration of 107 could be achieved in 40

hr and remained up to 52 hr. The SDS degrading efficiency of

The Gene bank accession number was HM 214777. In most of the

earlier cases Pseudomonas sp. could degrade SDS concentration

with 80% efficiency with long hours of incubation time (Shukor et al.,

2009). In the present study, Pseudomonas aeruginosa MTCC 10311

could degrade 96% of 1500 mg SDS within 48 hr of incubation.

In the current study, Pseudomonas aeruginosa MTCC

10311 was found to harbor plasmid within the size range of 9-10 kb.

In this experiment neither acridine orange nor SDS was effective in

curing plasmids. Only ethidium bromide at a concentration of 600 mg

ml-1 combined with elevated incubation temperature (45oC) was

able to cure the plasmid from Pseudomonas aeruginosa. The cured

derivatives of SDS degrading Pseudomonas aeruginosa were

obtained at a frequency of 10.7% by incubation with ethidium bromide

(500 mg ml-1) at 40oC. Current study revealed that bacterial chemotaxis

and the ability to metabolize SDS were not absolutely plasmid DNA-

mediated because after curing of plasmid, the isolates were tested on

MSSM where they colonized with less vigor. But in broth medium

supplemented with SDS, the cured strains could degrade 0.1%

SDS (showed 70% degradation). It was evident that the genetic

information for detergent-hydrocarbon utilization may not be plasmid

mediated since the cured isolate could grow on detergent

supplemented media (Ojo and Oso, 2009).

Ninty six percent of SDS degradation occurred at 1500 ppm

level within 48 hr of incubation, whereas higher concentration of

Fig. 2: Effect of substrate concentration on biodegradation of SDS and

cellular growth by Pseudomonas aeruginosa MTCC 10311

Fig. 3: Effect of incubation period on SDS biodegradation and cellular growth

by Pseudomonas aeruginosa MTCC 10311

Fig. 4: Effect of temperature on SDS biodegradation by Pseudomonas

aeruginosa MTCC 10311

Fig. 5: Effect of pH on SDS biodegradation by Pseudomonas aeruginosa

MTCC 10311
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Pseudomonas aeruginosa was associated with the growth and once

the maximum concentration was attained the organism exhibited

maximum efficiency of SDS biodegradation. Highest peak of SDS

biodegradation was observed during the stationary phase of growth

(Fig. 3).

 The optimum temperature for SDS degradation was 30oC

(Fig. 4). A similar study with Pseudomonas agglomerans  showed

that the optimum incubation temperatures for SDS biodegradation

was 30oC. However, the incubation of SDS at 42oC did not produce

more than 10% of the surfactant degradation (Abboud et al., 2007).

But the present isolate Pseudomonas aerugniosa MTCC 10311

could degrade 90% SDS at 40oC.

The optimum pH for SDS degradation was 7.5 (Fig. 5).

Abboud et al. (2007) reported that the optimum pH for SDS

biodegradation was 8.5. In another report, growth on SDS by a

novel consortium of Acinetobacter calcoaceticus and Pantoea

agglomerans required pH 8.5 for efficient degradation (Abdoud et

al., 2007).

An additional supplementation with carbon source in the

mineral salt medium increased the biodegradation extent of SDS

(93-95%) within 36 hr of incubation .But succinate suppressed the

(81%) rate of biodegradation. In the similar study with Acinetobacter

calcoaceticus and Pantoea agglomerans showed that all carbon

sources caused 2.7-fold enhancements of SDS degradation at the

initial stage, with an exception of succinate, which showed 2.5-fold

enhancements. All nitrogen sources, produced slight stimulation effects

of SDS degradation rate (82-92%) with some advantage for casein

action (96%) The tryptone was able to promote high degradation

rate of linear alkylbenzene sulphonate (LAS) but failed to enhance

the degradation rate of SDS (Abound et al., 2007). The above

mentioned study supports the present observation.

It can be concluded from the present study that Pseudomonas

aeruginosa (MTCC 10311) degrades (96% of SDS) relatively high

concentration of SDS and can be exploited for the decontamination

of the detergent contaminated waste water containing high

concentration of SDS.
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