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A number of bacterial strains capable of degrading phenol were isolated by enrichment
technique out of which five were selected for further studies. Their taxonomical positions
were determined by studying their morphological growth and biochemical characte-
ristics. Among them. Pseudomonas sp. CPCl, P. aeruginosa CoPC3. P. aeruginosa
CoPC4 and Pseudomonas sp. SoPC5 degraded 1000 ppm of pheno! whereas P. stutzeri
SPC2 could degrade only 500 ppm of phenol. The former four strains also degraded
all the three isomers of cresol while strain SPC2 did not utilize any of the cresols. Strain
SoPCS5 degraded 1000 ppm of p-cresol and 500 ppm each of o- and m-cresol. Strains
CPCI. CoPC3 and CoPC4 dedraded 500 ppm of the different cresols. Strains CPCI,
CoPC3. CoPC4 and SoPCS5 degraded phenol through metapathway and the cell-free
extracts showed fairly high levels of C2. 3-D activities and very low levels of C1, 2-D
activilies whereas strain SPC2 degraded phenol through ortho-pathway and showed fairiy
good C1, 2-D activity and showed no C2. 3-D activity.

Most of the phenolic compounds are toxic and cause serious environmental pollution if
discharged without proper treatment. Phenols find their way into the environment through
effluents fromcoal and coke gasification plants. petroleum refineries, plastic and pharmaceu-
ticalindustries etc (1). Biodegradation by microorganisms is thought to be potentially the most
efficient method to eliminate these compounds from industrial effluents. A number of
microorganisms capable of degrading phenol and cresols have been reported by several
workers. Itincludes the bacteria Bacillus stearothermophilus (2), Brevibacterium fuscum(3),
a number of Pseudomonas sp (4-7). number of yeasts including Candida tropicalis (8)
Trichosporon cautaneum (9) etc. The present study deals with the isolation and character-
ization of different Pseudomonas strains which can degrade pheno! and theisomers of cresol.

MATERIALS AND METHODS

The samples were collected from municipal sewage, pesticide contaminated soil, and from
a column which was maintaining for a long period with different substrates such as acetone,
benezene, phenol, etc. A few contaminants whichwere foundto grow on hexachlorocyclohexane
spray.d plates were also picked up and enriched. Shake flask enrichment technigue was
followed forisolating the strains capable of degrading phenol and cresols. The composition
of the Mineral Medium (MM) used was as follows (per litre): KH, PO, 2.72g; Na,HPO,
3.56g: (NH ), SO,.).5g. MgSO, .7H,0, 0.2g; Ca(NO,).. 0.1g; Trace minerals. 1ml and the
carbon source at 200 ppm level uniess otherwise mentioned.
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5ml of the samples along with 10mg phenol were added in four different 250 ml flasks
containing 50 mi of the sterilized MM and incubated at 30°C on a rotary shaker (150 rpm) for
Sdays. 1 miofthe aliquote was subculturedinto fresh medium every 5 days forthree weeks.
An appropriately diluted sample of the culture broth was then plated on MM agar {2%)
containing 200 ppm of phenol. Different colonies were picked up and maintained. Identifica-
tion of the selected five cultures was carried out according to Bergey's Manual of Systematic
Bacteriology (10).

Degradat~n of phenol. the three isomers of cresol and other aromatic cumpounds by the
different strains of bacteria was tested by growing them on MM with different concentration
of the respective substrates. The growth of the organism was determined turbidimetrically
laking absorbance at 550 nin at different intervals of growth. Phenol. o-crescland m-cresol
presentinthe culture mediumwas estimated by 4-amino antipyrene colorimetricmethod (12),
p-cresot was estimated by using HPLC.

Various enzyme activities were determined using cell extracts which were prepared as
follows. Cells grown with 200 ppm of phenol were harvested at exponential phase, washed
twice with phosphate buffer (50 mM. pH 7.5) and resuspended in 3 m! of the suitable buffer.
This was subjected to sonication for 5 min. with intermittent bursts of 30 seconds with an
mtervalof 1 min. each by Labsonic 2000 sonicator {B.Braun, Germany). Thecell debris was
removed by centrifugation for 20 min. at 15000 rpm. Alitheoperations werecarriedoutat4-C.
The supernatant was used for various enzyme assays. The protein content of the cell free
extracts was estimated by the method of Lowry et al (13).

Catechol 1,2-oxygenase (EC.1.13.1.1) assay was carried out following the method of
Nakazawa and Nakazawa (14) using the cell extracts prepared in 50 mM Tris-HCI (pH 9.0).
Catechol 2.3 xygenase (EC.1.13.1.2) assay was carried out following the method of Nozaki
{15) using cell extracts prepared in 50 mM phosphate buffer to which acetone was added
to a final concentration of 10% (v/v) to stabilise the enzyme.

RESULTS AND DISCUSSION

After 4 transfers in the enrichment flasks microorganisms capable of degrading phenol got
established. These mixed cultures were then plated out and momhologically distinct
individual colonies were picked up. Thus, from sewage enriched flask five dilferent types,
fromthe column two types. from the contaminated plates two types and from soil a single type
colonies wereisolated andthey were individually tested for their phenaoldegrading ability. Qut
of these 10 isolates, 5 were selected for further studies. These were found to utilise phenot
athigher concentrations. The differentorganisms were designated as CPC1 (contaminant),
SPC2 (sewage) CoPCJ3 and CoPC4 (¢column) and SoPC5 (soil). The morphelogical, cultural
and biochemical characteristics of the five strains were studied to establish theirtaxonomical
positions (Table 1). Two isolates CoPC3 and CoPC4 were identified as Pseudomonas
aeruginosa and SPC 2 as P stutzeri. The two other strains CPC! and SoPC5 were found
to belong to the genus Pseudomonas but their species positions could not be fixed.
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Table 1 Morphological and biochemical characteristics of the isolates

Character ’ Strain
CPC1 SPC2 CoPC3 CoPC4 SoPCs
Cell Shape Cocco- Cocco- Cocco- Cocco- Cocco-
bacilli bacilli bacilli bacilli bacilli

" Gramreaction

Oxidase test - . )

Catalase + . . : :
Oxidative + . N N -
Urease . . . . )
Citrate utilization . N v - :
Gelatin hydrolysis . ) ) : :
Lipolytic reaction - . N : -

Starch hydrolysis “
Nitrate reduction . . ) ) )
Sucrose fermentation . i ) ) ]

H.S production + . i ]
Casein hydrolysis + . . ) .
Growth 5°C . . + . .

41"C - + + + +
Arginine utilization + + + + +

Table 2. Growth of different Pseudomonas strains on phenol as the sole source of carbon

and energy
Strain Ohr 6hr 24hr 138hr 144hr
CcPC 1 0.051 0.014 0.069 0.865 0.805
973) (875) (790) (0) (0)
CoPC3 0043 0.042 0.077 0975 0.913
(965) (860) (730) (0) ()
CoPC4 0048 0.032 0.050 0.134 0.830
(930) (850) (790) 710) (0)]
SoPC5  0.045 0.045 0.075 0.656 0.603
(955) (910) (540) (0) 0

Datain parenthesis is the residual substrate {phenal) present
* Absorbance at 550 nm (Biomass)
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Table 3 Ring-cleaving enzyme activities of the cell extracts of different Pseudomonas
strains. Details of the experiment were as given in the text

Enzyme activity
{Units. mg' protein)

C1.2:D C2.3-D

Ccpct 0.0001 0.4810
ppipees 0.3857 0.0000
CoPC3 0.0625 0.2550
CoPCA 0.0001 0.3349
SoPC5 0.0334 0.2517

Table 4 Utilization of various aromatic compounds by ditferent strains of Pseudomonas.

~(i(y;r;ounds Strain
{10 ppim) '

CcPC1 SPC2 CoPC3 CoPC4 SoPc5

Phenol + + + + +
oCP - - - - -

mCP - - - - -

pCP -A -a -a -a -a
2.4-DCP - . - - - -

?6-DCP - - - - -

PCP . - - - .

O-cresol +
m-cresol +

p-cresol . + -
2.3-dimethylnhenol +

3.CBA 4 - -
4 CBA . -
24.0 - - - - .
2457 - - -

+ + 4 +

'
¢
.

A - pCP was partially metabolized lo a dead-end metabolite, chioro-hydroxy-muconic semi
aldehyde
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The comparative ability of these five strains to degrade different levels of phenol and
isomers of cresol was tested. Among these, four strains viz., CPC1, CoPC3, CoPC4 and
SoPCS utilized phenol uplo amaximum concentration of 1000 ppm whereas the strain SPC
2 could utilize only 500 ppm. The former four strains also utilized all the three isomers of
cresol and the latter strain (SPC2) did not degrade any of them. Allthe cresol utilizing strains
could grow on all theisomers of cresoi upto a concentration of 500 ppm and the strain SoPCS
utilized upto 1000 ppm of p-cresol. Table 2 and Figs. 1-3 show the pattern of growth and
residual substrate alter different periods of growth of the different bacterial strains.

A number of reports are available on organisms which utilize both phenol and cresols.
Theseincludethebacteria Bacillis strearothermophilus. Brevibacterium fuscum, Streptomy-
ces setonii, strains of Pseudomonas. Alcaligenes, Arthrobacter, yeasts Candida tropicalis,
Trichosporon cutaneum etc., among which the majority of the reports are on the genus
Pseudomonas. P.putida strain U of Dagley and Gibson (186) is able to degrade phenol and
the isomers of cresol. There are also reports that cresols are metabolized by certain
fluorescent species of Pseudomonas (17). Hinteregger et al reported the degradation of
phenol and cresols by Pseudomonas putida EKIL. It utilized phenol upto a concentration of
1000 ppm as the sole source of carban and energy. A Pseudomonas sp. strain CP4 isolated
in our laboratory could utilize phenol and cresols at very high concentrations in the order: p-
cresol (2000 ppm) >phenol (1500 ppm) > o-cresal (1400 ppm) > and m-cresol (1000 ppm).
Generally bacterial strains have been shown to utilize phenol through meta-pathway.
However, there have been sporadic reports on phenol degradation by bacterial species
through ortho-and modified ortho-pathways (18). Inthe presentcase. 4 of the Pseudomonas
strains viz., CPC1, CoPC3. CoPC4 and SoPCS5 degraded phenol through meta-pathway
whereas the P.stutzeri strain SPC2 foilowed ortho-pathway.

The activities of the ring-cleaving enzymes C1, 2-D and C2, 3-D were estimated in the
extracts of cells grown on 500 ppm phenol (Table 3) strains CPC 1, CoPC3.CoPC4 and SoPC5
“showed fairly good tevels of C2.3-D activity the highest being that of strain CPC1. Very low
levels of C1.2-D activity was also observed. On the contrary strain SPC2 did not have any
C2. 3-D activity, but it showed good activity of the ortho-cleaving enzyme C1, 2-0.

Among the different aromatic compounds tested only phenoland cresols were utilized as
the carbon source by the bacterial strains (Table 4). None of the chloroaromatic compounds
were utilized by any of the strain. However, all the strains except P. stutzeri SPC2 partially
converted p-chlorophenol to a yellow coloured dead end metabolite which was tentatively
identified as chloro hydroxy muconic semialdehyde.

It would be possible to improve the phenol-degrading ability by acclimatizing the cells
gradually to higher levels of phenol. Such a phenomenon has been reported by Masque et
al and also in our laboratory on Pseudomonas sp. CP4 (personal communication). It was
interesting to see one of the strains P.stutzeri SPC2 catabolized phenol through ortho-
pathway which is rarity among bacteria.




41

ACKNOWLEDGEMENT

The authors wish to thank the Director, CFTRI, Mysore for the facilities provided. PYAA also
thanks CSIR, India for the award of Senior Research Fellowship.

m N O wn s WN

©

11,
12.

-~

13

14

1S

16.
17,

'REFERENCES

Fewson.C.A.(1981). InT.Leisinger. AM.Cook. R.Hutter and J.Nuesch (Ed.). Microbial
degradation of xenobiotics and recalcitrant compounds. Academic press, Inc. {London),
Lid.. London.

Buswell, J.A. (1975). J.Bacteriol. 124: 1077-1083.

Nakagawa, H., and Y.Takeda. (1962). Biochim. Biophys. Acta, 62, 423-426.

Bayly. R.C., and G.J. Wigmore (1973). J.Bacteriol. 113: 1112.1120.

Bayly. R.C., S.Dagley.. and D.T.Gibson (1966). Biochem. J. 101: 293-301.

Dagley. S. and M.D.Patel (1957). Biochem. J. 66 227-223.

Ribbons. O.W. (1966). J. Gen. Microbiol. 44: 221-231

Neujahr, H.Y.. S.Lindsjo and J.M. Verga (1974). Antonie van Leeuwenhoek. J. Microbiol.
Serol. 40" 209-216.

Neujahr. H.Y. and J. M. Varga. (1970). Eur. J. Biochem. 13; 37-44.

. k:eg. NL.R.. and Holt, J.G. (1984). Bergey's Manual of Systematic Bacteriology, Vol.1,

william and Wilkins, Baltimore.

tacoste. R.J.. S.H. Venable and J.C.Stone (1959). Anal. Chem. 31: 1246-1249.

Lowry. O.H.. N.Rosebrough., A.L. Farr and R.J. Randall {1951). J. Biol. Chem. 193: 265-275.
Nakazawa, T. and A.Nakazawa (1970). Methods Enzymol. 17A. §18-522.

Nozaki, M. (1970). Methods Enzymol. 174, 522-525.

Dagley. S.. and D.T. Gibson (1965). Biochem. J. 95: 46G-474.

Dagley. S., and Patel. M.D. (1957). Biochem J. 66. 227.

Hinteregger, C.. Leitner, A.. Loidl, M.. Ferschl, A , and Streichsbier, F. (1992). Appl. Microbiol
Biotechnol. 37: 252-259.

. Haigler, B.E., Pettigrew, C.A. and Spain. J.C. 1992. Appl. Environ. Microbiol.58: 2237-2244




