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ABSTRACT 

Background and objectives: Sodium Dodecyl Sulfate (SDS) is one of the most widely used anionic detergents. The 
present study deals with isolation and identification of SDS-degrading bacteria from a detergent contaminated pond situated 
in Varanasi city, India.
Materials and Methods: Employing enrichment technique in minimal medium (PBM), SDS-degrading bacteria were 
isolated from pond water sample. Rate of degradation of SDS was studied in liquid PBM and also degradation of different 
concentrations of SDS was also studied to find out maximum concentration of SDS degraded by the potent isolates. Alkyl 
sulfatase activity (key enzyme in SDS degradation) was estimated in crude cell extracts and multiplicity of alkyl sulfatase 
was studied by Native PAGE Zymography. The potent isolate was identified by 16S rRNA sequence analysis. 
Results: Using enrichment technique in minimal medium containing SDS as a sole carbon source, initially three SDS 
degrading isolates were recovered. However, only one isolate, SP3, was found to be an efficient degrader of SDS. It was 
observed that this strain could completely metabolize 0.1% SDS in 16 h, 0.2% SDS in 20 h and 0.3% SDS in 24 h of 
incubation. Specific activity of alkyl sulfatase was 0.087±0.004 μmol SDS/mg protein/min and Native PAGE Zymography 
showed presence of alkyl sulfatase of Rf value of 0.21. This isolate was identified as Pseudomonas putida strain SP3.  
Conclusion: This is the report of isolation of SDS-degrading strain of P. putida, which shows high rate of SDS degradation 
and can degrade up to 0.3% SDS. It appears that this isolate can be exploited for bioremediation of this detergent from water 
systems.
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INTRODUCTION

In India, ponds are often used for washing of 
clothes by washer men and for bathing purposes by 
local people (1). In some ponds, municipal waste 
and wastes generated from cottage industries are also 
discharged. Hence, it has been observed that most 
of the ponds situated in Varanasi city have become 
eutrophic and are highly contaminated especially 
with high amounts of detergents (2, 3). 

Sodium Dodecyl Sulfate (SDS) is an anionic 
detergent widely used in the manufacturing of a 
number of household and industrially useful products 
(4). Like any other chemical, SDS is discharged in 
water bodies like ponds and rivers (5, 6). Studies have 
revealed that SDS is toxic to aquatic animals such as 
fish, microbes like yeasts and bacteria (7-9) and also 
to mammals (10). So, bioremediation of this detergent 
was realized to be an effective method to reduce its 
toxicity in environments (11, 12). There have been 
a number of reports of isolation of SDS-degrading 
bacteria from different parts of the world (13-15). 
However, there are very few reports if any from 
Indian subcontinent (2, 16). It has been reported that 
members of the family Pseudomonas are capable of 
degrading SDS and utilizing it as a carbon source (17, 
18) though bacterial strains other than Pseudomonas 
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for 5 min at room temperature, washed with PBM 
and then OD600 nm of each isolate was adjusted to 
approximately 10.0 with PBM, 0.250 ml of the culture 
was used to inoculate 100 ml of PBM containing 
varying concentration of SDS (0.1 to 0.5%). The 
cultures were incubated at 37°C with shaking at 120 
rpm. At regular intervals, samples were removed and 
assayed for culture OD at 600nm and residual SDS 
by stains all (20). All the experiments were performed 
in triplicate and results were expressed as Mean± 
standard deviation.

Preparation of crude cell extracts.  Strain SP3 
was grown in PBM containing SDS (0.1%) as a 
sole carbon source. Cells were harvested in mid 
logarithmic phase by centrifugation at 10,000 rpm 
for 20 min at 4°C in a Sorvall RC-5B superspeed 
refrigerated centrifuge (Du Pont Instruments, USA). 
Cell pellets were washed twice and resuspended in 
10 mM Tris-HCl (pH 7.5). The cells were ruptured 
by sonication for a total duration of 3 min, consisting 
of intermittent sonication for 30 s on and 30 s off, 
operated at level 5 and a 25% duty cycle in a Branson 
Sonifier 450 (Branson Ultrasonics Corp., USA). To 
minimize heat inactivation of enzymes, samples were 
sonicated in eppendorf tubes kept on ice. Cell debris 
was removed by centrifugation at 12,000 rpm for 10 
min at 4°C. The cell extracts were stored at -20°C 
prior to assay for alkyl sulfatase activity (18).

Alkyl sulfatase activity and zymography. 
Alkyl sulfatase activity in crude cell extracts was 
performed as per the method of Ellis et al. (18). All 
the experiments were performed in triplicate and 
results were expressed as Mean±standard deviation. 
To determine the multiplicity of alkyl sulfatase 
activities in cell extracts, polyacrylamide gel 
electrophoresis (PAGE) was carried out with crude 
cell extract (containing approx. 200 µg protein) in 6% 
polyacrylamide gel prepared in 0.378 M Tris-glycine 
buffer (pH 8.3). Electrophoresis was conducted at 100 
V and at 4ºC to minimize heat inactivation of enzyme. 
Extruded gel was incubated in developing solution 
containing 20 mM SDS in 0.1 M Tris-HCl (pH 7.5) at 
30ºC. Location of active alkyl sulfatase was revealed 
by the formation of white band of insoluble alcohol 
droplets (18). Alkyl sulfatase was characterized by Rf 
value, which was calculated by dividing the distance 
migrated by the enzyme by the distance migrated by 
the dye.

have also been reported from different parts of the 
world (13, 14, 15). The pathway of SDS degradation 
is also well documented (10, 19). The pathway is 
initiated with the enzyme alkyl sulfatase which 
cleaves sulfate group of SDS forming 1-dodecanol 
(C12 alcohol), which is subsequently oxidized to 
1-dodecanoic acid. Finally, 1-dodecanoic acid enters 
into β- oxidation pathway and is utilized as carbon 
source (19).

Intensive survey revealed that there are a number 
of ponds in Varanasi city which are frequently used 
for washing and bathing purposes. As SDS is one of 
the widely used detergents, we became interested in 
screening for the presence of SDS degrading bacteria 
from pond water. In the present study, we have made 
an attempt to isolate and identify SDS degrading 
bacteria from a man made pond situated at Sunderpur 
in Varanasi city India. 

MATeRIALS AND MeThODS

enrichment and isolation of SDS-degrading 
bacteria. For the isolation and enrichment of SDS-
degrading bacteria, 1 ml of pond water was inoculated 
in 100 ml sterilized PBM (K2HPO4 0.1%, KH2PO4 
0.1%, NH4Cl 0.1%, MgSO4.7H2O 0.02%, NaCl 
0.05%, CaCl2 0.002%, trace elements (FeCl3·6H2O 
0.024%, CoCl2·6H2O 0.004%, CuSO4·5H2O 0.006%, 
MnCl2·4H2O 0.003%, ZnSO4·7H2O 0.031%, 
Na2MoO4·2H2O 0.003%) pH 7.5)  supplemented with 
SDS (0.1%) in a 250 ml culture flask and incubated at 
37°C and 150 rpm in a shaker (Orbitek LT, Scigenics 
Bioteck. Pvt. Ltd., Chennai). After 3-4 days of 
growth, the culture (1 ml) was transferred to fresh 
100 ml PBM supplemented with SDS (0.1%). Sub-
culturing was repeated for at least 3-4 times which 
resulted in the enrichment of putative SDS-degrading 
bacteria. For isolation of SDS-degrading bacteria, 
0.1 ml of enrichment culture was serially diluted in 
PBM and was spread on PBM agar plates containing 
SDS (0.1%). The plates were incubated at 37°C in 
a BOD incubator for 2-3 days until minute colonies 
appeared and based on colony morphology, different 
SDS-degrading bacteria were isolated. 

   
Kinetics of SDS biodegradation.  For the study 

of kinetics of SDS degradation, all the test isolates 
were grown overnight in Luria-Bertani (LB) medium 
(tryptone 10%, NaCl 0.5%, yeast extracts 0.5%, pH 
7.0) .The cultures were centrifuged at 8,000 rpm 
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Preparation of PCR products for Sequencing 
and Identification. 1.5 kb fragment of 16S rDNA 
was amplified by universal primer (21). The PCR 
product was purified by Invitrogen kit (Invitrogen 
Corpn, CA, USA) following the instructions of 
manufacturer. The PCR product was eluted in Milli 
Q water and purity and concentration of DNA 
was checked by reading OD at 230, 260 and 280 
nm. The purified PCR product was employed for 
the sequencing. The sequencing PCR reaction mix 
(DNA sequencing kit, Applied Biosystes, Foster city, 
CA, USA) contained 8.0 μL Bigdye Terminator 
V3.0 cycle sequencing ready reaction mixture 
with ApliTaq, 10ng PCR product DNA, 3.2 pmole 
forward primer and deionised water was added to 
achieve total volume of 20 μl. The thermal cycle 
conditions were set as; initial denaturation at 98oC 
for 1 min, 25 cycles of denaturation at 96oC for 10 
s, annealing at 55oC for 5s and extension at 60 oC 
for 4 in and hold at 4oC  until the purification step. 
Unused BigDye Terminator present in the reaction 
mixture was removed by Ethanol precipitation. 
After drying the samples, 20 μl of TSR (template 
suppression reagent) was added, mixed well and 
heated for 2 min at 95oC. Subsequently, the samples 
were chilled on ice and after vortexing thoroughly, 
centrifuged briefly in a microcentrifuge. Samples 
were held in ice until loading. Sequencing was 
performed in an ABI-PRISM 310 Genetic Analyzer 
(Applied Biosystems). PCR and direct sequencing 
were performed at least twice to determine and 
confirm the DNA sequences for each isolate. All 
the sequences were matched against nucleotide 
sequences present in Gen Bank using BLASTn 
program (22). Neighbor joining tree was prepared 
with the help of MEGA 4 software.

ReSULTS

Isolation of SDS-degrading bacteria. SDS-degrad-
ing bacteria were isolated from a man made pond 
situated at Sundarpur in Varanasi City, India. This 
pond was selected because it was used extensively 
by local people and washer men for bathing purposes 
and for washing of clothes. Using enrichment tech-
nique, SDS degrading bacteria were isolated from the 
pond water sample. A total of 3 different types on 
isolates were recovered from pond water. These isolat-
es were different from each other on the basis of colony 
morphology, appearance, color, pigment production 
etc. 

Study of SDS degradation. Degradation potential 
of SDS by these isolates was studied by their growth in 
PBM containing SDS as a sole carbon source. All the 
isolates were found to degrade and metabolize SDS 
as a carbon source. However, the rates of degradation 
of SDS were different. Only one isolates namely, SP3 
was found to be efficient degrader of SDS. Other 
isolates showed slow and incomplete degradation 
of SDS. When strain SP3 was grown in PBM in 
presence of SDS (0.1%) complete degradation of SDS 
was observed in 16h of incubation with concomitant 
increase in the culture OD indicating utilization of 
this detergent as a carbon source (Fig. 1). 

Degradation of higher amount of SDS by strain 
SP3. After degradation of SDS by this isolate was 
confirmed, it was pertinent to study the maximum 
concentration of SDS that can be degraded by this 
strain. Biodegradation of different concentrations of 
SDS by strain SP3 was studied in PBM supplemented 
with different concentrations of SDS (w/v). It was 
observed that this strain could completely metabolize 
0.1% SDS in 16 h, 0.2% SDS in 20 h and 0.3% SDS 
in 24 h with increase in culture (Fig. 2 A & B). At 
concentrations of 0.4% and 0.5%, the degradation 
was incomplete. Initially an increase in growth of 
the isolate as seen by an increase in culture OD with 
degradation of SDS but gradually absorbance declined 
and incomplete degradation of SDS was observed.

Alkyl sulfatase activity and Native PAge 
zymography. The alkyl sulfatase activity in crude 
cell extracts was monitored, when the isolate was 
in exponential phase of growth with SDS. Strain 
SP3 showed an alkyl sulfatase specific activity of 
0.087 ± 0.004 μmol SDS/mg protein/min. In glucose 

fig. 1. Time course study of SDS biodegradation in SP3 
grown in PBM supplemented with SDS (1 g/l).
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grown cells no alkyl sulfatase activity was observed, 
indicating inducible nature of the enzyme.

Native PAGE Zymography of alkyl sulfatase in 
crude cell extracts was performed. It was observed 
that this strain harbored an alkyl sulfatase, which had 
a Rf value of 0.21 (Fig. 3). Also, this alkyl sulfatase 
was observed throughout the growth of this strain 
with SDS.

Identification of the isolate. This strain was 
identified by 16S rDNA sequencing, which is a 
widely used method for the identification of isolates. 
The 1.5 kb 16S rDNA gene was PCR amplified using 
universal primers and was sequenced by forward 

primer. The sequence was matched with NCBI 
database. The sequence of SP3 showed 99% similarity 
to Pseudomonas putida strain 3.5.8 (Accession 
No. HM192791.1), NBAII PF-4K (Accession No. 
HM439958.1), AKMP7 (Accession No. GU396282.1), 
31920-1 (Accession No. FJ932760.1) respectively. 
So, this isolate was identified as P. putida strain SP3 
and the sequence was submitted to NCBI database 
(Accession No. HQ005307.1) (Fig. 4).

DISCUSSION

In the present study, we have made an attempt to 
isolate SDS-degrading bacteria from a detergent 

fig. 4. Phylogenetic tree representing P. putida strain SP3. 

fig. 2. Biodegradation of higher amount of SDS in PBM 
by strain SP3.
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polluted pond situated in Sunderpur area in 
Varanasi city, India. This pond was used extensively 
for washing of clothes and also for bathing 
purposes. Using enrichment technique in minimal 
medium (PBM), three SDS-degrading bacterial 
isolates were recovered from the pond water. 
These isolates were selected on the basis certain 
morphological features such as color, pigment 
production, colony morphology etc. The rate of 
degradation of SDS by these isolates was studied 
by monitoring disappearance of SDS with time and 
also by measuring the growth of the isolate. It was 
observed that these isolates showed varying rates 
of SDS biodegradation. Only one isolate, namely 
SP3, showed appreciable level of biodegradation. 
This strain took 16h to completely degrade 0.1% 
SDS in PBM. Degradation of higher amounts of SDS 
was also studied. This strain was able to degrade up 
to 0.3% SDS in PBM. At higher concentrations of 
SDS, i.e. 0.4, and 0.5% SDS the degradation was 
incomplete. There are a number of reports of isolation 
of SDS-degrading bacteria from different parts of 
the world (12, 13, 23). However, there are very few 
reports of isolation of SDS-degrading bacteria from 
this region (2, 16). It has been observed that in most 
cases, SDS-degrading bacteria were recovered from 
activated sludge or waste water treatment plants 
were high concentration of detergents was observed 
(13, 14, 15, 24). However, in India people employ 
ponds for washing of clothes and bathing purposes, 
so high concentration of detergents has been reported 
in pond water (2). Use of microorganisms to degrade 
surfactants is promising (12). Similar to our study, 
Hosseini et al. (24) have isolated two strains belonging 
to Pseudomonas betelli and Acinetobacter johnsoni 
capable of metabolizing SDS. It was observed that 
Acinetobacter johnsoni was able to degrade 93.6% 
of 0.05% SDS within 5 days of incubation; whereas, 
Pseudomonas betelli did so to the extent of 84.6% 
in the same time period. The highest peak of SDS 
degradation occurred during the logarithmic phase 
of bacterial growth. Shukor et al. (15) have isolated 
a strain belonging to Klebsiella oxytoca from SDS 
polluted water samples from Malaysia. This isolate 
was able to degrade approximately 80% of 0.2% 
SDS after 4 days of incubation and 100% in 10 days 
of inoculation concomitant with increase in cellular 
growth. Here, our isolate appears to be more efficient 
than theses isolates since the rate of degradation of 
SDS is more in our isolate and also it can degrade 

higher amount of SDS. 
Alkyl sulfatase activity in this isolate was also 

studied during exponential phase of growth with 
SDS as a carbon source. This isolate showed an alkyl 
sulfatase specific activity of 0.087 ± 0.004 μmol 
SDS/mg protein/min. Native PAGE zymography 
indicated the presence of an alkyl sulfatase of Rf value 
of 0.21, which was present in this isolate irrespective 
of growth stage.  Literature survey suggests that 
there is much ambiguity regarding presence of alkyl 
sulfatase. Earlier reports suggested that bacteria 
capable of metabolizing SDS and related alkyl 
sulfate esters harbor multiple alkyl sulfatases, which 
are expressed during different growth stages (18, 
25). On the contrary, it was shown in Pseudomonas 
ATCC19151 and P. aeruginosa PA01 that these 
isolates harbor single alkyl sulfatases SdsA (23) and 
SdsA1 (26) respectively, which belong to metallo-β-
lacatamase family of enzymes. Moreover, it has been 
reported that P. putida strain S-313 harbors an alkyl 
sulfatase AtsK which belongs to α-ketoglutarate-
dependent dioxygenase superfamily of enzymes (27). 
A survey of P. putida KT2440 genome revealed that 
in addition to AtsK, this strain also harbors another 
alkyl sulfatase which shows low level homology to 
alkyl sulfatase SdsA1 belonging to P. aeruginosa 
PA01.  

16S rRNA gene sequencing is one of the widely 
used methods of bacterial identification. This isolate 
was identified based on 16S rDNA sequencing. 
The sequence of SP3 showed 99% similarity to 
Pseudomonas putida strain 3.5.8, NBAII PF-4K, 
AKMP7, 31920-1 respectively. So, this isolate was 
identified as P. putida strain SP3. Until now there 
are several reports of isolation of SDS-degrading 
bacteria belonging to family Pseudomonas (2, 11, 
12, 17, 19, 23, 24, 26, 27). However, this is the 
first report of isolation of a SDS-degrading strain 
belonging to P. putida from this region.

In conclusion, it appears that this strain is better 
adapted for rapid removal of SDS as compared to 
other strains isolated by different laboratories. So, 
this strain can be efficiently utilized for removal 
of detergents from detergent contaminated water 
systems. Additionally, a single alkyl sulfatase was 
observed during growth of this strain in presence of 
SDS. However, a search of genome sequence of 
P. putida KT2440 revealed the presence to two alkyl 
sulfatase genes. We feel that it would be interesting 
to confirm the identity of this alkyl sulfatase. We 
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hope that this would provide new insights into 
degradation of SDS and related alkyl sulfate 
esters. 

ACKNOWLeDgeMeNT 

V.C. is grateful to Council for Scientific and 
Industrial Research (CSIR), New Delhi, India for 
the award of Junior Research Fellowship. This study 
was partly supported by a research grant sanctioned 
to A.K. by ICAR (No. NBAIM/AMAAS/MD (19) /
AK/BG), New Delhi.

RefeReNCeS

Prakash S, Lawton LA, Edwards C. Stability of 1. 
toxigenic Microcystis blooms Harm Algae 2009; 8: 
377-384.
Chaturvedi V, Kumar A. Isolation of sodium dodecyl 2. 
sulfate degrading strains from a detergent polluted 
pond situated in Varanasi city, India. J Cell Mol Biol 
2010; 2: 103-111. 
Tyagi M, Singh DP, Kumar A, Jha PN, Sinha RP, 3. 
Kumar A. Hepatotoxicity of Microcystis aeruginosa 
strains growing as blooms in certain eutrophic ponds.
EXCLI J 2006; 5, 66-78.
Karsa DR. (ed.) Industrial applications of surfactants, 4. 
vol. 3. Special publication 107, Royal Society of 
Chemistry, Cambridge, England, 1992. 
Singer MM, Tjeerdema RS. Fate and effects of the 5. 
surfactant sodium dodecyl sulfate. Rev Environ Contam 
Toxicol 1992; 133: 95-149.
Fendinger NJ, Versteg DJ, Weeg E, Dyer S. Rapaport 6. 
RA. Environmental behavior and fate of anionic 
surfactants. In: Baker, L. A (Ed.), Environmental 
Chemistry of Lakes and Reservoirs, American Chemical 
Society Washington, DC. 1994; pp. 527-557. 
Chaturvedi V, Kumar, A. Toxicity of sodium dodecyl 7. 
sulfate in fishes and animals. A Review. Int J Appl Biol 
Pharmaceut Tech 2010; 2: 630-633.
Martinez JF, Munoz MG. Evaluation of the sensitivity 8. 
of three cladoceran species widely distributed in 
Mexico to three reference toxicants. J Environ Sci 
Health. 2007; 42: 1417-1424.
Sandbacka M, Chistianson I, Isoma B. The acute 9. 
toxicity of surfactants on cells of Daphnia magna and 
fish-a comparative study. Toxicol In Vitro 2000; 14: 
61-68.
Chaturvedi V, Kumar A. Bacterial utilization of 10. 
Sodium Dodecyl Sulfate. Int J Appl Biol Pharmaceut 
Tech. 2010; 3: 1126-1131.
Harada T. The formation of sulfatases by 11. Pseudomo-
nas aeruginosa. Biochim Biophys Acta 1964; 81: 193-196. 
Zeng G, Fu H, Zhong H, Yuan X, Fu M,Wang W, Huang12.  
G. Co-degradation with glucose of four surfactants, 
CTAB, Triton X-100, SDS and Rhamnolipid  in liquid 

culture media and compost matrix. Biodegradation 
2007; 18: 303-310.
Abboud MM, Khleifat KM, Batarseh  M, Tarawneh  KA, 13. 
Al-Mustafa A, Al Madadhah M. Different optimization 
conditions required for enhancing the biodegradation of 
linear alkyl benzosulfonate and sodium dodecyl sulfate 
surfactants by novel consortium of Acinetobacter 
calcoaceticus and Pantoea agglomerans. Enzym Microb 
Tech 2007; 41: 432-439. 
Dhuiib A, Hamad N, Hassairi I. Degradation of anionic 14. 
surfactants by Citrobacter braakii. Process Biochem 
2003; 38: 1245-1250.
Shukor MY, Husin WSW, Rahman MFA, Shamaan NA, 15. 
Syed MA. Isolation and characterization of an SDS-
degrading Klebsiella oxytoca. J Environ Biol 2009; 
30:129-134.
Singh KL, Kumar A, Kumar A. 16. Bacillus cereus capable 
of degrading SDS shows growth with a variety of 
detergents. W J Microbiol Biotechnol 1998; 14: 777-779.
Bateman TJ, Dodgson KS, White17.  GF. Primary 
alkyl sulfatase activities of the detergent-degrading 
bacterium Pseudomonas C12B.Purification and 
properties of the P1 enzyme. Biochem J 1986; 236: 
401-408. 
Ellis AJ, Hales SG, Ur-Rehman NG, White GF. Novel 18. 
alkyl sulfatases required for biodegradation of the 
branched primary alkyl sulfate surfactant 2-butyloctyl 
sulfate. Appl Environ Microbiol 2002; 68: 31-36. 
Thomas ORT, White GF. Metabolic pathway 19. 
for biodegradation of sodium dodecyl sulfate by 
Pseudomonas sp. C12B. Biotechnol Appl Biochem 
1989; 11: 318-27.
Rusconi F, Valton E, Nguyen R, Dufourc E. 20. 
Quantification of sodium dodecyl sulfate in microliter-
volume biochemical samples by visible light 
spectroscopy Anal Biochem 2001; 295: 31-37.
Schmalenberger A, Schwieger F, Tebbe CC. Effect 21. 
of primers hybridizing to different evolutionarily 
conserved regions of the small-subunit rRNA gene in 
PCR-based microbial community analyses and genetic 
profiling. Appl Environ Microbiol 2001; 67: 3557-3563.
Altschul, SF, Gish W, Miller W, Myers EW, Lipman 22. 
DJ. Basic local alignment search tool. J Mol Biol 215: 
403-410, 1990.
Jovcic B, Begovic J, Lozo J, Topisirovic L, Kojic 23. 
M. Dynamic of sodium dodecyl sulfate utilization 
and antibiotic susceptibility of strain Pseudomonas 
sp.ATCC19151. Arch Biol Sci 2009; 61: 159-165.
Hosseini F, Malekzadeh F, Amir mozafari N, Ghaemi 24. 
N. Biodegradation of anionic surfactants by isolated 
bacteria from activated sludge. Int J Environ Sci Tech 
2007; 4:127-132. 
Dodgson KS, White GF, Fitzgerald JW. Sulfatases of 25. 
Microbial Origin. CRC Press, Boca Raton, FL, 1982.
Hagelueken G, Adams TM, Wiehlmann L, Widow 26. 
U, Kolmar H, Tummler B, et al. The crystal structure 
of SdsA1, an alkyl sulfatase from Pseudomonas 
aeruginosa, defines a third class of sulfatase. Proc Natl 
Acad Sci 2006; 103: 7631-7636.



53Pseudomonas Putida CAPABLe Of MeTABOLIzINg SDS

Kahnert A, Kertesz MA. Characterization of a 27. 
sulfur-regulated oxygenative alkyl sulfatase from 

Pseudomonas putida S-313. J Biol Chem 2000; 41: 
31661-31667.


