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ABSTRACT

The anionic surfactant Sodium Dodecyl Sulphate (SDS), the core components of detergent and
cosmetic product formulations contribute significantly to the pollution profile of sewage and
wastewaters 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 HPLC method. The most efficient isolate was identified as
Pseudomonas aeruginosa MTCC 10311 based on phenotypic features and 16 S rDNA typing.
The alkyl sulphatase enzyme responsible for the primary degradation of SDS degradation
showed enzyme activity 0.0546 U/mg in the crude extract ,which on purification by
streptomycin sulphate, dialysis, DEAE cellulose and sephadex G200 gave enzyme units of 3.04
U/mg. The partially purified enzyme could give a maximum SDS degradation of 75% at 4 % of
enzyme concentration. Non denaturing PAGE at various stages of purification confirmed that
sephadex200 step was particularly effective. The purity of enzyme confirmed by the presence of
single band in native PAGE and the molecular mass of the native enzyme was around 77 kDa.
Single band was observed in the zymogram of alkyl sulphatase. The optimum p" ;temperature
and enzyme concentration of enzyme activity was 7.5,30% and 4%

Key Words: Anionic surfactant,Pseudomonas aeruginosa MTCC 10311, Methylene Blue
Active Substances (MBAS) assay, zymogram.

INTRODUCTION

Society’s ever-expanding utilization of materiaésiergy and space is accompanied by an
increasing flux of anthropogenic organic chemidats the environment [2]. Surfactants are
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the largest class of compounds present in raw dbeegmstewater. They are used in
household and industrial laundry and cleaning dp@ma. The ever-increasing demand of
surfactant since the middle of this century is @agisgreat concern about its role in
environmental pollution. Studies about the degradatand transformation of such
compounds and the proper processing of the efftueantaining them are essential for the
safe and clean environment.

Sodium dodecyl sulphate (SDS), an anionic surfacteas been used extensively due to its low
cost and excellent foaming properties. The molebake a tail of 12 carbon atoms, attached to a
sulphate group giving it amphiphilic propertiesuiegd of a detergent. The extensive disposal and
toxicity of SDS necessitates its effective remeodiatBiodegradation of surfactants is most often
performed by soil or aquatic microorganisms anddea generation of water and carbon dioxide
gas [15]. Several species #&fseudomonas are known to biodegrade SDS. In fact, many
surfactants and their degradation products haven deend worldwide in waste water
discharges, sewage treatment, plant effluents,ralatuater and sediments [21]. Because
many surfactants are ubiquitous [22, 18], the pidenoxic effects of these chemicals have
attracted much research attention in the past abdecades [10].

Biodegradation is initiated by alkyl sulphatase yenes which hydrolyses inorganic sulphate
from its ester linkage with alcohols, the latemgereadily assimilated through normal metabolic
pathways [17] .The study about the enzymatic chearistic of bacteria involved in Sodium
Dodecyl Sulphate (SDS) biodegradation can be etguldor the development of a biosensor for
the early detection of detergent contaminationh ¢énvironment. The present paper describes
the purification and characterization of alkylswpdse fromPseudomonas aeruginosa MTCC
10311.

MATERIALS AND METHODS

Isolation of SDS degrading bacteria

Bacteria capable of utilizing Sodium Dodecyl SulighéSDS) as sole source of carbon were
isolated from surfactant contaminated soil (Meenacdker basin, Kottayam, Kerala) by
enrichment in mineral salt medium(MSM). Isolatioasndone by enrichment of the soil extract
progressively with SDS. The composition of the mahesalt SDS medium (MSSM) used was
(grams per liter) KBPQ,, 1.5, KHPO,, 3.5; MgCh.6H,O, 0.; NaCl, 0.5; Ng&Oy, 0.14. The
medium also contained the following trace elemefitsml of stock) (grams per liter):
FeCb.6H,O, 0.24; CoCl6H,0O, 0.040; CuSesH,O, 0.06, MnC}.4H,0O, 0.03; ZnSQ@7H,0,
0.31; and NaMo@2H,O, 0 Incubation was carried out at room temperaBée+ 2°C) for 24
hours with shaking at 150 rpm. At the final concatibn of 2100mg/litre of SDS there was only
9 strains that could grow in MSSM and the mostcedfit strain was selected. MBAS assay
(Hayashi, 1976) and HPLC were used for the detatidn of SDS reduction The selected
cultures were purified by repeated streaking andevstored at 20C in 50 Mm KHPO,
buffer at p' 7.2 containing 20% glycerol .Working cultures weraintained by sub culturing
every two weeks on mineral salt agar slants comtgi8DS
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Inoculum preparation

One loopful of the culture was inoculated to a S0ommineral salt SDS medium.The flasks
were incubated overnight at room temperature (@) 2t 150 rpm .From the culture the cells
were harvested by centrifugation. The pellets weokected and diluted using physiological
saline (0.86% NaCl ) till the OD becomes 1.This wasd as the inoculum for further studies.

Quantification of SDS by MBAS Assay

The concentrations of SDS were checked by the MetleyBlue Active Substances (MBAS)
assay as described by Hayashi [6] with minor modifons. The method is based on the
formation of a complex between the anionic surfaictand an excess of the cationic dye
methylene blue , followed by the extraction of tt@mplex (but not excess dye ) into the
chloroform and measurement of the absorption of bhe chloroform layer. Alioquots of
methylene blue solution (0.1ml), 0.4ml of 0.825Mrhopphate buffer (pH 7.2), and an
appropriate volume of sample (up to 1ml, in tripte) were mixed in acid-washed, optically
matched glass tubes (12cm by 1cm (internal diameted vortexed intermittently five times
for 3 seconds each time. Chloroform was added ¢b &#be and the contents were vigorously
vortexed for 5 seconds. The tubes were allowedandsat 4C for 5 minutes, followed by
centrifugation at 2,000 rpm for 4 minutes. The wibgere allowed to warm to room
temperature, and the absorbance of the chlorofagarlwas measured at 655nm, against an
appropriate blank.

HPLC analysis of SDS degradation

The biodegradation was confirmed by isocratic HRBGimadzu) analysis using reverse phase
C-18 column equipped with SPD20 A UV detector (2#80).The mobile phase gradient of
acetonitrile —water (95:5) was conducted at a flate of 1ml/min. Data acquisition and
processing was performed by using LC solution syseftware.( Shimadzu)

16S rDNA sequence analysis

The selected isolate was identified by conductiimghemical test as per Bergey's manual and
confirmed by 16srDNA sequencing.DNA extraction wasried out as described by Pitcleer
al., [13]. Amplification of 16S rDNA was performed ing 8 - (56
AGAGTTTGATCCTGGCTCAG 3) and 1492r 5TACGGATACCTTGTGCACTT 3)
primers. The total volume of PCR reaction mixturasvbOpl, comprising 200uM dNTPs, 50
MM each primer, 1x PCR buffer, 3 U Taqg DNA polymerasd 100 ng genomic DNA. The
thermo cycling procedure involved an initial demation at 94C for 4 min, followed by 35
cycles 94C for 1 min, 53C for 1 min, and 7€ for 2 min, and a final extension at’@2for 8
min. The gel purified 16S rDNA was ligated to PCRAP cloning vector and transformed in
E.coli. The sequence of the insert was determined uem@utomated DNA sequencing service
provided at Institute of Microbial Technology (IMTH), Chandigarh, India. The sequences
were analyzed using the gapped BLASTn (www. ncim.nig.gov) search algorithm and aligned
to their nearest neighbors. The sequence was degasithe NCBI gene bank data base (HM
214777).
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Extraction and purification of alkyl sulphatase from Pseudomonas aeruginosa MTCC
10311

Stage I: Extraction of crude extract

Isolates grown on a mineral salt medium supplententgth SDS were harvested by
centrifugation (10,000 rpm).This pellet were cotégt and resuspended in 0.1 ml of 2100Mm
phosphate buffer (pH7.5) containing 0.58 M sucr@sel 10Mm EDTA and lysed by
incubating with 4 mg of lysozyme (sigma) in 0.1 oflphosphate-sucrose —EDTA buffer for
60 minutes at 37C. Triton X-100 (0.1 ml of 10% v/v) was added targuete lysis (Lee et
al. 1996). The centrifuged cell free lysate was sulegcto purification.The universal
protease inhibitorg, macroglobulin, was added to the extract to a fowicentration of 0.5
mg/ml, and the whole mixture was stirred for 5 nmnce [11].

Alkylsulfatase assay

Alkylsulfatase activity in cell extracts was assayey incubating 50ul partially purified
enzyme (0.14 mg ml-1 protein) of isolad®seudomonas aeruginosa with 450 ul of 50 Mm
Tris-HCI and 500ul of 100 Mm SDS. The loss of the substrate was mneasby MBAS
assay as described before. The disappearance ofiaB8near until 15 min under the assay
conditions. Total enzyme activity wasletermined from the initial rates of SDS
disappearance. One unit of enzyme was definedeaarttount of enzyme which converted 1
ul of SDS per minute under assay conditions [16].

Protein assays
Protein was routinely determined by Lowry’s metheidh BSA as standard and measuring
the absorbance of sample at 280 nm

Stage: 2 Removal of nucleic acid

The cell free extract from stage | was treated witfficient streptomycin sulphate (5% w/v)
to give a final concentration of 1 mg of antibiotrag of protein. After stirring for 10 min at
4°C precipitated nucleic acid was removed by dkmjation as before.The clear
supernatant was dialyzed overnight against 100 Mis/HCI, pH7.5 (3x5 liters) [6].

Stage 3: DEAE-cellulose (DE 52) column chromatogrdyy

The nucleic acid —free extract from stage 2 (3bwds applied to DEAE-cellulose ( sigma,
USA) column (1.5 %30 cm) that had been pre-equalibd with column buffer.(10Mm
Tris/HCI containing 0.5 M, pH7.5). The column was washed with column buffer(®k)
followed by adding NaCl (0.8 M, total volume 20Qrm column buffer. The flow rate was
adjusted to 5ml/hr and 2 ml fraction was collectetd assayed for protein and enzyme
activity. Fractions with the highest specific adtyv(fractions 64-70) were combined and
dialyzed for 2 h(3x5 liters column bufferd][

Stage 4:Sephadex G-20@xclusion column

The pooled fractions from stage 3 (10 ml) were eggpto a Sephadex G-200 column that had
been pre-equilibrated with column buffer. The edpudtion and elution buffer was 50 Mm
Na H,PO, containing 0.15 M NacCl [20].
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Determination of the molecular mass of the enzyme Native Polyacrylamide gel
electrophoresis (Native PAGE)

The purified enzyme was subjected to electrophorstudies to confirm purity using
polyacrylamide.

Zymogram of alkyl sulphatase extracted fromPseudomonas aeruginosa

Non—denaturing polyacrylamide gel electrophoresfisextracts of cells grown on SDS,
followed by incubation of gel at 3G in solution containing 10 Mm SDS and 20 Mm —BaCl
in 20Mm Tris-HCI, pH 7.8 [5].

The optimum pH and temperature were determined [19]
RESULTS AND DISCUSSION

Pseudomonas aeruginosa (MTCC 10311) was isolated from detergent contatethaoil for their
ability to utilize SDS as the sole carbon sourdee Tsolate was capable of degrading 96% of
SDS at 48 hours of incubation period (Fig 1). Theufts of BLAST search of 16S r RNA
compared with the available 16S r DNA sequendbéngene bank database indicated that this
organism belongs tBseudomonas aeruginosa. The Gene bank accession number for the 16S r
DNA sequence generated in this study was HM 214777The optimum condition for
degradation was 37°C and p5.

Fig :1 Effect of p" on the activity of alkyl sulphatase extracted fromPseudomonas aeruginosa
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HPLC analysis showed that the area of biodegradaifoSDS in mineral salt medium was
decreased from 56156126 to 432439 (2.758min) wi#dnhours of incubation (Fig 2).
Schleheclet al.[18]suggested that HPLC is a superior techniquestwfactant identification.

HPLC analysis indicated that the area of biodegiadaof sodium dodecyl benzene
sulphonate reduced from 144216 to 67312 within I1&ysd of incubation time by

Stenotrophomonas maltophilia biofilm [4].
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Fig :2 Effect of temperature on the activity of thealkyl sulphatase extracted from Pseudomonas aeruginosa
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Cell crude extract retained >95% activity during tstorage at %4C for about 4 days but
thereafter activity decreased rapidly (<15% in B93). In contrast, inclusion of the protease
inhibitor, a; macroglobulin (0.5 mg/ml) produced marked stabtlima of the enzyme
activity. (Table: 1)This inclusion was made in albsequent experiment including
purification of enzyme from crude extracts. The samhservation was found in the study of
alkyl sulphatase fror@oryneformBla [11].

Table: 1 Percentage of enzyme activity during thetorage at 4° C

Sample DAYS
2 4 6 8 10 20 30
Crude enzyme 98+0.3 95x0.2 60+0.4 43+0.3 13+0.1+0.3 1+0.05
Dialysed Crude enzyme 70+.0.9 25+0.3 12+0.4 2%0.2 - -

Crude enzyme+, Macroglobulin 99+0.2 98+0.4 98+0.3 97+0.6 95+0.4 +0(B 54+1

The alkyl sulphatase was extracted from the putitieude cell free lysate after disruption of
the cells. Problems due to the presence of muadlostance such as caroteinoides, lipids and
various surface active components, which were selddrom the cells during the disruption,
were overcome by pretreating the lysate with stmepfcin —sulphate and DEAE cellulose
[8]. The treatment of crude extracts with 0.5 mg oéptomycin —sulphate /mg of protein
increased specific activity to 262 % of the stagtiralue, and simultaneously decreased the
total protein to 71% of the initial amount. Thiss&bvation is consistent with earlier findings
of Matts et al. [11] where the treatment of strepyoin sulphate /mg of protein increased
enzyme activity to 120-200 % of the starting valaled simultaneously decreased total
protein to 77 % of the initial amount .The incredsethe enzyme activity attributed to
removal of proteinaceous inhibitor

DEAE cellulose chromatography was used to rentbeea, macroglobulin from the alkyl
sulphatase .Multiple bands were visible in thegst due to the removal @ macroglobulin
The purification profile of enzyme is given in tabP.
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Table: 2 Purification profile of the alkyl sulphatase extracted fromPseudomonas aeruginosa

Total

Vol Protein . Total enzyme Sp ac- 2% of bro. g
Step (ml) (mQg) p(rr%tg)ln activity(u) (U/mg) recovery Purification(fold)
30 6 180 10 0.0546 100 1
Cell extract
streptomycin g5 4 o6 147 21.2 0.1441 212 2.63
sulphate treated
gf’?g;:)'("g’;go 10 3 30 11.30 0.376 113 6.886
P 40 0.041 1.64 5 3.04 50 55.677

& -9 of theinitial activity
b Specific activity/0.0546

Non denaturing PAGE at various stages of purifaratconfirmed that sephadex G-200 step
was particularly effective.(Plate : 1 & 2 ). Theripy of enzyme confirmed by the presence of
single band in native PAGE and the molecular nadsthe native enzyme was around 77
kDa.The molecular mass of alkyl sulphataseRhodococcus rubber was found to be 67
kDa [14]. Extracts oPseudomonas sp. strain C12 B cells grown on SDS supplements=hb
salt medium in batch culture produced P1 and P2ibarhen gels were incubated with SDS.
When the same cell extracts were separated on agelsgels were with 2- butyl octyl
sulphate instead of SDS, no alkyl sulphatase bamis observed [3].

Plate: 1 Native page of the partially purified Enzyme
88 | ovan

62 : -
49
38
28

-

-

5

18
14

Lane ——» Crude enzyme

Lane 2—— Purified with Streptomycin sulphate
Lane 3—— Purified with DEAE-cellulose

Lane 4——»  Purified with Sephadex G20
Lane5——— Sigma ladder
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Plate: 2 Zymogram of alkyl sulphatase

Single white
band

The optimum pH for the activity of alkyl sulphatasas 7.5. In most of the reported cases, the
optimum P' for the enzymatic action was in the alkaline rarigée’seudomonas sp.,the activity
was maximum in the range of 7-7.5 [12]. The optimi@mperature for the activity of alkyl
sulphatase was found to be 30°Bseudomonas sp.and Rhodococcus rubber DSM 4454 1also
showed the optimal temperature of 30°C for maxmamnzymatic activity [12,14].

On increasing enzyme concentration the rate ofategron was found to be increased up to
4 % enzyme concentration and was stable theredftesre was 75% degradation of SDS at
4% enzyme concentration (Fig: 3). Even though tiee fand immobilized cells could bring
about 96% SDS reduction, the partially purified yane could bring about only 75% of SDS
degradation. This clearly showed that the enzymenas the only reason for the SDS
degradation, but several other factors are alsolwed in SDS degradation.

Fig: 3 Biodegradation of SDS with partially purified alkyl sulphatase fromPseudomonas aeruginosa
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CONCLUSION

A powerful SDS degraderPseudomonas aeruginosa, MTCC 10311 was isolated from
soil.Alkyl sulphtase enzyme was isolated and pediffrom Pseudomonas aeruginosa. These
alkyl sulphatase will be promising tool to dot further studies to  reduce the
environmental pollution of anionic surfactams
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