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Abstract

To determine phenol contaminated soils, forty five phenol-degrading /bacteria were isolated from soil and
wastewater samples in phenol agar after several subcultures.in phenol broth. All isolates utilized 0.2 g/l phenol and
were identified as Pseudomonas sp. PCR amplification of LmPH and dmpN genes showed that all 45 isolated strains
contained LmPH genes and 12 strains were Pseudomonas putida. The LmPH gene were detected in contaminated and
uncontaminated soil, although microtiter MPN methods showed that the quantity of phenol-degrading bacteria in
contaminated soil was more than in uncontaminated soil. The soil contamination might be identified by PCR of some
genes; however the presence of phenol in all studied soil shewed positive reaction in contaminated and uncontaminated
natural soil. The results indicated that the phenol degrader bacteria are distributed in all soils.
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Introduction

In recent years there has been an increase in the
environmental release of harmful chemicals. Currently
several commercialized chemical, biological, physical
and thermal processes are employed for degradation of
chemical compounds such as phenol. Biological process
is attractive because mixed population of
microorganisms break down or transform organic
pollutant to innocuous substance (Annaduraia et al.,
2002; Sal et al., 2001).

Phenol and its derivatives are one of the major
hazardous compounds in industrial wastewater and for
this reason biodegradation of phenol has attracted
attention. In phenol biodegradation, phenol hydroxylase
catalyzes the initial step of microbial phenol
degradation by insertion of oxygen into the aromatic
ring providing catechol. The catechol is then broken by
the ortho or meta fission pathway (Neujahr and Gaal
1973; Wagner et al., 1999). Phenotypic and genetic
analysis of bacterial population in environmental
samples is becoming increasingly important in
microbial ecology research, because of their potential
role in bioremediation of polluted sites (Heinaru et al.,
2000; Whiteley et al., 2001).. The polymerase chain
reaction (PCR) is a very powerful and sensitive
analytical technique applied” with success to
environments such as soil or sediment. A number of
PCR-based methods for detection of catabolic genes in
soil have been developed. They provide information on
in situe condition without cultivation or activation of
indigenous micrebial:population (Hallier et al., 1996).

Few studies on the molecular detection of phenol-
degrading bacteria in soil and wastewater have been
published (Watanabe et al., 1998a). The aim of this
study was the application of PCR for detection of
phenol-degrading bacteria in environmental samples
such as soils, contaminated soils and wastewater. In
addition, the direct detection of phenol-degrading
bacteria in environmental samples was another goal of
this study.

Materials and Methods
Sampling and media:
For isolation of phenol-degrading bacteria, soil and
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wastewater samples were collected from various sites in
Isfahan located at the center of Iran. Samples included
soil contaminated with oil hydrocarbon, oil refinery
wastewater, coal tar waste water and activated sludge
taken from Isfahan south refinery.

The synthetic phenol broth medium used was based
on the mineral salts medium containing (per liter): 2.25
g of KH2P04, 2.25 g of KzHPO4, 1 g of (NH4)2SO4, 0.2
g of MgCl12.6H,0, 0.1g of NaCl , 0.02 g of FeCl13.6H,0,
0.06 g of bromothymolblue and 0.01 g of CaCl,, pH
6.8-7. These synthetic medium were supplemented with
phenol as the sole carbon source at a concentration of 3
mM (Watanabe et al., 1998b). Phenol broth was
solidified with 15 g/l agar to obtain phenol agar
medium. All media were sterilized at 121°C for 15
minutes (all chemical were obtained from Merck and
Sigma, Germany and USA).

Isolation and selection of phenol degrading bacteria:
One gram of soil or one milliliter of wastewater

sample was inoculated into phenol broth medium. After
7 days, 5 ml of this medium was sub cultured into fresh
phenol broth medium. After four subsequent subcultures
(cultures were incubated at 30°C on a rotary shaker at
180 rpm) into phenol broth media, cultures were
purified on phenol agar. Identification of strains were
performed by biochemical tests according to Bergey’s
Manual of Determinative of Bacteriology (Holt et al.,
1998).

Growth rate and phenol removal assay:

Growth rate of the isolates was routinely assessed
indirectly through turbidity measurement at 600 nm
using a UV-visible spectrophotometer (Shimadzu UV-
160 Japan). The cell free supernatants were analyzed for
residual phenol using the photometric method for
phenol estimation. The method was based on rapid
condensation of phenol with 4-aminoantipyrene,
followed by oxidation with potassium ferricyanide
under alkaline conditions to give a red wine colored
antipyrine dye. Absorbance of the dye was measured at
500 nm (Celsseri et al., 1983).

MPN enumeration of phenol-degrading bacteria in
soil:

The soil samples (1 g) were diluted in phosphate
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buffer (K,HPO, 1 g/l and KH2PO4 1 g/1, pH 7.0), and
mixed using a wrist shaker for 30 min. Microtiter plate
wells were inoculated with 200 pl of sterile phenol
broth medium. Ten fold serial dilutions were prepared
from the soil extracts and each of the plate wells was
inoculated with 50 pl of each dilution. A piece of wet
filter paper was placed on top of each microtiter plate
lid to reduce water loss from the well. The plates were
incubated for 48 hr at room temperature, after which 50
pl of filter sterilized TTC (Triphenyl Tetrazolium
Chloride) was added to each well. In positive wells TTC
is reduced to an insoluble formazan that deposits
intracellularly as a red precipitate. Positive wells were
scored after an overnight, incubation with TTC at room
temperature. A computer program (Klee et al., 1993)
was used to calculate the MPN for each soil sample

(Brian et al., 1996; Johnsen et al., 2002).

DNA extraction:

DNA was extracted from the pure culture of each
isolated strain by boiling method. In. this method,
bacteria were dissolved in double distilled water and
boiled for 1 min, then centrifuged at 10000 x g for 10
min and 2 pl of aliquots phase was removed as template
DNA for PCR reaction.

Total DNA was extracted from 5 g of wet soil by
using the method described by Zhou et al (Zhou et al.,
1996) with the following modification:

1. Soil samples were mixed vigorously with 14 ml
extraction buffer (100mM Tris-HCI pH=8 + 100 mM
EDTA pH=8 + 1.5 M NaCl + %1 CTAB) for 1 hr at
30°C.

2. Precipitation was carried out with 0.6 volume of
isopropanol at room temperature for 4 hr.

DNA purification was conducted with sephadex G-

200 columns. The quality and quantity of the extracted
DNA were checked by measuring UV absorption
spectrum (Sambrook et al., 1989).

PCR condition:
(a) Universal primers:

DNA fragment for the largest subunit of
multicomponent phenol hydroxylase (LmpHs) was
amplified using one pair of degenerate primers
(Selvaratnam et al 1995), The sequences of primers
were as follow:
pheUf: 5-CCAGG(C/G)C/GIT)GA(G/A)AA(A/G)GAGA(A/G)GAA(G/A)CT-3'
pheUr 5-CGG(A/T)A(G/A)CCGCGCCAGAACCA-3'

Amplification was performed using 25 pl PCR
mixture containing 2 mM MgCl,, 10 x PCR reaction
buffer (200 mM Tris, 500 mM KCl), 2 mM each dNTP,
0.15 mM each primer and 1U taq DNA polymerase.
Target DNA was amplified in a thermal cycler
(Eppendorf AG 22331 Hamburg) using the following
program:

Step 1, 10 min at 94°C; step 2, five cycles
consisting of 1 min at 94°C, 1 min at 58°C, and 1 min at
72°C; step 3, five cycles consisting of 1 min at 94°C, 1
min at 57°C, and 1 min at 72°C; step 4, 25 cycles
consisting of 1 min at 94°C, 1 min at 56°C, and 1 min at
72°C; step 5, 10 min of extension at 72°C (Futamata et
al., 2001).

(b) Specific primer:

For the detection of P. putida among isolates a 199-
bp region located within the dmpN gene (a gene from
the dmp operon) was amplified using two primers
(Watanabe et al 1998a). This operon encodes phenol
hydroxylase enzyme. The sequences of primers were as

follow:
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Table 1: Biochemical tests for identification of P. putida

Biochemical tests

P. putida

1.Gram stain

2. Aerobic growth

3. Anaerobic growth

4. Oxidation-
fermentation (O/F)

5 Acid production from:

5-1. Glucose

5-2. Fructose

5-3. Xylose

5-4. Maltose

5-5. Lactose

5-6. Manitol

5-8. Sucrose

6. Oxidase

7. Catalase

8.Urease

9. H2S production

10. Simon citrate

11. Gelatin hydrolysis

O-+/F-

+ + +

+ + e+ A+

DMPNI :( 5-ATC ACC GAC TGG GAC AAG TGG GAA GAC C-3")
DMPN2: (5'-TGG TAT TCC AGC GGT GAA ACG GCG G-3')

A total volume of 25 pl of PCR mixture contained 2
mM MgCI2, 10 x PCR reaction buffer (200 mM Tris,
500 mM KCl), 1 mM of each dANTP, 0.15 mM of each
primer and 1U tag DNA polymerase. Target DNA was
amplified in a thermal cycler (Eppendorf AG 22331
Hamburg) with initial denaturation of the target DNA at
94 °C for 2 min, follow by 40 cycles of three-step PCR
amplifications consisting of denaturation at 94 °C for 1
min, primer annealing at 50 °C for 1 min and primer
extension at 72 °C for 1 min. Samples were incubated at
72 °C for 5 min at the end of amplification cycles to
complete the extension reaction (Selvaratnam et al.,
1997). PCR products were ‘electrophoresis on a 2 %
horizontal agarose gel (Sigma Chemical Co., St. Louis,
Mo.). Gels were stained.in a solution of ethidium
bromide and visualized with a UVP UV transilluminator
(UVP Inc., San Gabriel, Calif).

Results
Characterization and identification of isolated
phenol utilizing bacteria:

Forty-five bacteria isolated from environmental
samples were identified by biochemical tests according
to Bergy’s Manual of Determinative Bacteriology. It
was observed that all isolates were Gram-negative,
motile rods, oxidase and catalase positive, capable of
growth aerobically but not anaerobically and were
positive for production of acid from glucose. These
results showed that all isolated strains belonged to the
Pseudomonas sp. Further biochemical tests for
identification of P. putida were carried out; the results
are shown in table (1).

Growth rate and phenol removal by isolates:

The phenol degradation rates of whole cells were
determined by monitoring the decrease in phenol
concentration in media. The data in figure (1) shows
that most of the isolates could utilize 0.2 g/I of phenol in
24 hours, leaving only 0.05 g/1 of residual phenol.

General detection of phenol-degrading bacteria:

By using the pheUf and pheUr primers LmpH
fragment from 45 isolated strains was successfully
amplified. The pheUf and pheUr PCR positive strains
could grow on phenol as the sole carbon source. The
presence of this gene in these strains allows them to
grow on phenol. Figure (2) shows the gel
electrophoresis profile of the PCR product from these
strains.

Identification of phenol-degrading Pseudomonas
putida:

Among the 45 isolated strains, dmpN gene was
amplified from 12 strains by using DMPNI1 and
DMPN?2 primers. According to the results, these strains
were identified as P. putida (Selvartan et al 1998). The
remaining 33 strains were considered not to be P.
putida. Figure (3) shows gel electrophoresis of the PCR
products from P. putida strains that harbor dmpN gene.

Direct detection of LmPH gene in soil:

Crude DNA was extracted from 5 g of wet soil
under three conditions: 50 g of wet soil was
contaminated with phenol, 50 g of clay soil was
contaminated with phenol and inoculated with phenol-
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Figure 1: The rate of growth and removal of phenol assayed for D6 isolated strain (the culture were incubated at 30°C).
The strains reached maximum growth at 24 hours and the remaining of phenol was 0.05.¢/I after 24 hours. And phenol was
removed completely after 48 hours.

Figure 2: Gel electrophoresis profile of the PCR product from phenol-degrading strains with universal primers. Lanel: 50bp
DNA ladder size marker, lane 2: control positive (Pseudomonas putida ATCC 11172), lane 3-10: isolated strains, lane 11:
negative control (H20).

Table2: Estimation of the number of phenol-degrading bacteria in soil by the MPN method.

Contaminated soil
with phenol

Contaminated soil
inoculated with phenol-
degrading bacterium

uncontaminated soil

Number of  phenol- 2.6 x 106
degrading bacteria per

one gram of soil

1 %105 6 x 105

degrading strains and 50 g of this clay soil was pristine
soil (uncontaminated). PCR was performed with the
pheUf and pheUr primers set. The 624-bp product was
detected by gel electrophoresis (figure 4). It was
observed that the LmpH fragment was successfully
amplified by pheUf and pheUr primers from all soil
samples, and there was no difference between
contaminated and non contaminated soil. But MPN data
showed that the number of phenol-degrading bacteria in

contaminated soil was higher than in pristine soil. These
results indicated that phenol-degrading bacteria are
distributed in the environment, but in soil contaminated
with phenol the quantity of these bacteria is higher than
in uncontaminated soils (table 2).

Specificity of PCR:
PheUf /pheUr primers amplified DNA of phenol-
degrading strains only, and PCR-product was not found
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Figure 3: Gel electrophoresis profile of the PCR product from phenol-degrading strains with specific primers for P.
putida, lanel: 50bp DNA ladder size marker, lane 2: control positive (Pseudomonas putida ATCC 11172), lane 3 and 4:
isolated strains, lane 5: negative control (H20).
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Figure 4: PCR product obtained after amplification with universal- primers by using purified DNA obtained from soil, lane 1:
50bp DNA ladder size marker, lane 2: control positive (Pseudomonas putida ATCC 11172), lane 2-7 and 11-12: unpurified
DNA, lane 8: contaminated soil with phenol, lane 9: non contaminated soil, lane 13: contaminated soil inoculated with
isolated phenol-degrading bacterium, lane 14: negative control (H20).

with any of the non phenol-degrading species (figure 5).
In PCR reaction with DMPN1/DMPN2 primers, a 199-
bp product was obtained from the P. putida phenol-
degrading strains (figure 6) and there was no PCR-
product formed from other phenol-degrading strains or
non phenol-degrading species.

Discussion

In this study, 45 phenol-degrading bacterial strains
isolated from 5 soiland 3 wastewater samples were
identified as Pseudemonas sp by using traditional
procedures. But wusing pheUf and pheUr universal
primers, all strains produced a 624-bp PCR product.
This shows that all 45 phenol-degrading isolates had the
largest subunit of multicomponent phenol hydroxylase
(LmPH gene) and they could be detected by using
universal primers (Watanabe et al 1998a)

Direct detection of the LmPH gene by PCR in soil
was another aim of this study that was carried out on
extracted DNA from soil. The results showed that
phenol-degrading bacteria are distributed in the
environment because phenol is released to environment
by degradation of plant lignocelluloses compounds and
this induces population of phenol-degrading bacteria.
But in soil contaminated with phenol, the quantity of

these bacteria is higher than in non contaminated soil.
Koutny et al (2003) showed that phenol-degrading
bacteria were present in pristine soil of south Siberia
that was not contaminated with any chemical pollutant.
In this study, we showed that genes involved in phenol
degradation were present in uncontaminated soil, thus
our results confirms the results obtained by Koutny et al
(2003).

Identification of phenol-degrading P. putida by
using specific PCR primers (DMPN1 and DMPN2) was
another aim of this study (Selvartane et al 1998). The
dmpN gene codes for phenol hydroxylase, an enzyme
involved in the conversion of phenol to catechol
(Nordlund et al., 1990). Twelve of the 45 strains had a
199-bp PCR product considered as P.putida. This
isolated phenol-degrading bacterium was identified by
traditional procedure as well. Selvaratnam et al (1995)
developed a reverse transcriptase PCR for monitoring
dmpN expression in activated sludge. Greatest dmpN
expression was observed 15 minutes after maximum
phenol concentration was reached in the reactor and 15
minutes after the start of aeration. Decreased phenol
concentration in the reactor caused reduction of dmpN
expression (Selvaratnam et al., 1995).

Hallier et al (1996) developed a PCR method for
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Figure 6: Specificity of specific primers, the product obtained from P. putida phenol-degrading D6 strain (lane 2).

detection of the toluene degradation gene xylE in soil.
The detection limit of the method was 10 bacteria in 100
mg of soil. Watanabe et al (1998) isolated DNA from
phenol-digesting activated sludge and amplified the
partial fragment of the 16s rDNA and the gene encoding
the largest subunit of multicomponent phenol
hydroxylase (LmPH) by PCR.-They concluded that, the
genotype and phenotype of the functionally dominant
phenol-degrading population in activated sludge were
much different from the genotypes and phenotypes of
the representive phenol-degrading bacteria characterized
previously in ‘several laboratories (Watanabe et al.,
1998a).

Futamata et al (2001) compared the sequences of the
LmPHs. They found that LmPHs formed three
phylogenetic groups I, II and III. They designed
universal and group-specific PCR primers and analyzed
the phenol/trichloroethylene degrading population in
contaminated soil. It was found that aquifer soil
harbored diverse genotypes of LmPH and the group-

References

1. G., Annadurai, R., Shin Juang, J, Duu.
Microbiological degradation of phenol using mixed
liquors of  Pseudomonas putida and activated
sludge. Waste management. 22: 703-710; (2002).

2. A., Brian, R., Wrenn, D., Albert, P., Venosa.

specific primers successfully amplified LmPH fragment
affiliated with each of these groups. The universal PCR
primers pheUf and pheUr for all LmPH genes were also
designed. LmPH fragment could be amplified by using
these primers from all 13 of the phenol-degrading
bacteria while the combination of the group-specific
primers with the universal primers allowed the specific
amplification of each group of LmPH (Futamata et al.,
2001).

In conclusion our study showed that the universal
primers pheUf and pheUr could detect all 45 phenol-
degrading bacterial strains isolated from environmental
samples, and that the quantity of phenol-degrading
bacteria in phenol contaminated soil was more than in
uncontaminated soil. Specific PCR-primers DMPNI1
and DMPN2 could detect phenol degrading P. putida.

Acknowledgment
This work was supported financially by the
University of Isfahan Iran.

Selective enumeration of aromatic and aliphatic
hydrocarbon degrading bacteria by a most probable
number  procedure. = Canadian  journal  of
microbiology. 42(3): 252-258; (1996).

3. CS., Clessceri, AB., Grenberg, RR., Trussel. Standard



method for determination of water and wastewater.
APHA Washington DCS5. 48: 50-53; (1985).

4. H., Futamata, S., Harayama, K., Watanabe. Group-
Specific Monitoring of Phenol Hydroxylase Genes
for a Functional Assessment of Phenol-Stimulated
Trichloroethylene Bioremediation. Applied and
Environmental Microbiology. 67: 46714677,
(2001).

5. S., Hallier, V., Ducrocq, N., Mazure, N., Truffaut.
Detection and quantification of degradative genes in
soils contaminated by toluene. FEMS Microbiology
Ecology. 20: 121-133; (1996).

6. E., Heinaru, J., Truu, U., Stottmeister, A., Heinaru.
Three types of phenol and p-cresol polluted with
phenolic compounds catabolism in phenol and p-
cresol-degrading bacteria isolated from river water
continuously polluted with phenolic compounds.
FEMS Microbiology Ecology. 31: 195-205; (2000).

7. SG., Holt, NR., Kriey, PHA., Sneath, JT., Staley, ST.,
Williams. Bergy,s Manual of Determinative for
Bacteriology. Williams and Wilkins, New York.
(1998).

8. AJ.,, Klee A computer program for the determination
of most probable number and its confidence limits. J
Microbial Methods. 18: 9198; (1993).

9. a., Johnsen, K., Bendixen, U., Karlson. Detection of
microbial growth on  polycyclic aromatic
hydrocarbons in microtiter plates by using the

respiration  indicator WST-1.  Applied and
Environmental Microbiology. 68: 2683-2689;
(2002).

10. M., Koutny, J., Ruzicka, J., chlachula. Screening for
phenol-degrading bacteria in the Pristine soils of
south Siberia. Applied Soil Ecology. 23: 79-83;
(2003).

11. HY., Neujahr, A., Gaal. Phenol hydroxylase from
yeast. European Journal /of Biochemistry. 58: 351-
357, (1973).

12. I., Nordlund, J., Powlowski, Vi, Shingler. Complete
nucleotide sequence and polypeptide analysis of
multicomponent. phenol  hydroxylase  from
Pseudomonas sp. strain. CF600. J Bacteriol. 172:
6826—6833; (1990).

13. Sa CSA, Boaventura RAR. Biodegradation of

M., Hassanshahian, N., Golbang and G., Emtiazi

phenol by Pseudomonas putida DSM 548 in a
trickling bed reactor. Biochemical Engineering
Journal. 9: 211-213; (2001).

14. J., Sambrook, EF., Fritsch, T., Maniatis. Molecular
cloning: a laboratory manual, 2nd ed. Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.
(1989).

15. S., Selvaratnam, BA., Schoedel, BL., Mcfarland,
CF., Kulpa. Application of the polymerase chain
reaction (PCR) and reverse transcriptase PCR for
determining the fate of phenol-degrading
Pseudomonas putida ATCC 11172 in a
bioaugmented sequencing batch reactor. Applied
Microbial Bietechnology. 47: 236-240; (1997).

16. S., Selvaratnam, BA., Schoedel, BL., Mcfarland,
CF., Kulpa, Application of reverse transcriptase
PCR for monitoring expression of the catabolic
dmpN gene 'in phenol-degrading sequencing batch
reactor. Applied. and Environmental Microbiology,
61:3981-3985; (1995).

17. K., Wagner, T., Schwarz, M., Kaufmann. Phenol
degradation by an enterobacterium Kebsiella strain
carries a TOL- like plasmid and a gene encoding a
novel phenol hydroxylase. Canadian Journal of
Microbiology. 45: 162-171; (1999).

18. K., Watanabe, M., Teramoto, H., Futamata, S.,
Harayama. Molecular detection, isolation, and
physiological characterization of functionally
dominant phenol-degrading bacteria in activated
sludge. Applied and Environmental Microbiology.
64: 4396-4402; (1998a).

19. K., Watanabe, SS., Hino, S., Harayama. Population
dynamics of phenol-degrading bacteria in activated
sludge determined by gyrB-targeted quantitative
PCR. Applied and Environmental Microbiology, 64:
1203-1209; (1998b).

20. As., Whiteley, S .,Wiles, K., Lilley, J., Philip, MJ.,
Babailey. Ecological and physiological analyses of
Pseudomonad species within a phenol remediation
system. Journal of Microbiological Methods, 44: 79-
88; (2001).

21. J., Zhou, MA., Bruns, J M., Tiedje. DNA recovery
from soils of diverse composition. Applied and
Environmental Microbiology. 62: 316-322; (1996).



