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Abstract. Phenol as environmental pollutant is detrimental to living organisms and needed to be
eliminated for environmental safety. Among the various practiced approaches for its removal, bacterial
utilization gets attraction due to its eco-friendly and cost effective nature. For this purpose, bacterial
strains were isolated from bioremediation site and industrial waste through enrichment in phenol (250 mg
L") for 3 days at 28°C. After enrichment, morphologically distinct colonies were purified on phenol (200
mg L™) agar plates and the strains were identified through 16S rRNA gene sequence. Total of eight
strains were identified, among them two strains, NCCP-310 and NCCP-405 had the best potential of
phenol degradation which were identified as the members of the genera Stenotrophomonas and
Staphylococcus. NCCP-310 and NCCP- 405 showed 98.85 and 98.9% sequence identity with
Stenotrophomonas maltophilia and Staphylococcus equorum subsp. equorum, respectively. Both strains
have ability to tolerate 1000 mg L™ phenol. The isolated strains degraded 750 mg L™ of phenol at pH 7
and 28+2°C. NCCP-310 and NCCP-405 showed degradation of such amount in 65 and 85 h with the
average rate of 15.65 and 11.64 mg L™ h™. Our work suggests that these strains are efficient in phenol
removal and could be used for bioremediation.
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Introduction

The foremost challenge of environmental concern is the elimination of pollutant that
is liberated at alarming rate in our ecosystem and food chain due to rapid
industrialization. Untreated industrial wastes containing xenobiotics drained up and
contaminate water resources which are used for domestic as well as in agricultural
practices (Kwon and Yeom, 2009; Ahmed et al., 2012). Phenol is used most widely in
many industries such as pharmaceutical, plastic, ceramics, oil refinery, resin
manufacturing, coke plant, textile and steel industries etc. (Han et al., 2010; Zhu et al.,
2012) and due to its toxicity, phenol is in the priority list of US Environmental
Protection Agency (US EPA, 2007).
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Phenol ranging from 10 to 17500 mg L™ is detected in industrial effluent (Carbajo et
al., 2010) while, only 0.5 mg L™ is permitted by the Environmental Protection Agencies
in the effluent based on production, exposure and biological effects (Giti et al., 2005).
The contamination of water by phenol generates polychlorinated phenols which at low
concentration (2.0 pg L™) cause unpleasant smell in drinking water (Arutchelvan et al.,
2006). Phenol is lethal for all form of life includes humans, animals, plants, aquatic life
and microorganisms (Rocha et al., 2007). Proper hygienic techniques are obligatory to
dispose bulk phenol containing effluents. To cope with this situation, many physical and
chemical methods (adsorption, solvent extraction, activated carbon adsorption, chemical
oxidation) are practiced which are no more desirable owing to high cost of production,
hazardous to workers and nearby population (Idris and Saed, 2002). Therefore,
biodegradation is the plausible approach for phenol removal because of low cost and
eco-friendly nature (Saravanan et al., 2008).

Diverse groups of microorganisms including fungi, algae and bacteria are naturally
endowed with the property of phenol degradation (Godjevargova et al., 2003; Fialova
et al., 2004; Quan et al., 2004) and many bacterial isolates with high phenol degrading
potential are evaluated belonging to various genera including Rhodococcus (Larkin et
al., 2005), Stenotrophomonas (Urszula et al., 2009), Pseudomonas (Ahmad et al.,
2014), etc.

The objectives of the current study were the isolation, identification of phenol
degrading bacteria based on 16S rRNA gene and to determine their phenol degrading
potential. We reported phenol degrading potential of Stenotrophomonas sp. NCCP-310
and Staphylococcus sp. NCCP-405 which was isolated from sludge of bioremediation
site and industrial waste respectively.

Materials and methods
Isolation and enrichment

Samples (waste) were collected from two sites i.e. Bioremediation Garden, NARC
and industrial area 1-9 Islamabad, Pakistan. The enrichment of samples was conducted
at ambient temperature for 3 days at 120 rpm in mineral salt medium (MSM) containing
phenol (250 mg L™). Two to three drops of the enriched samples were spread on MSM
plates containing only phenol (200 mg L™) for carbon need. Plates were placed in
incubator at 28 °C till growth. Morphologically distinct colonies appeared was sub-
cultured and purified on phenol (200 mg L™) containing agar plates again. Subculturing
was perfumed many times to get pure culture. The isolated strains were preserved at -
80°C in 70 % glycerol solution.

Identification of bacterial strains

Identification of the isolated strains was performed on the bases of 16S rRNA gene
followed by the method of Ahmed et al. (2007). For this purpose, pure culture of each
strain was obtained by growing on Tryptic Soy Agar (TSA) plates incubated at 28°C.
After purification, single colony of each strain was dipped and stirred in TE buffer (20
uL) in PCR strips, homogenized and kept in thermal cycler at 95°C for 10 min for
extraction of DNA. Strips were then removed and centrifuged at 12000 rpm for 5 min.
Genes of 16S rRNA was amplified using 1 pL template bacterial DNA contained in
supernatant. 49 uL master mix was prepared for each strain by mixing TAKARA pre-
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mix (25 pL), 2 uL of each following primers: 9F (5’-GAGTTTGATCCTGGCTCAG-
3’) and 1510R (5’-GGCTACCTTGTTACGA-3’) and 20 pL PCR water. The final
reaction volume was made to 50uL in PCR tube by adding the prepared 49 pL of master
mix to 1 pL of the template DNA which was already added to each PCR tube. In
centrifuge machine the samples were short spin for a min or two for homogenization.
PCR strips were then placed in thermal cycler (Applied Biosystems, Veriti, USA), PCR
program was set as described by Ahmed et al. (2007) to amplify the said gene.
Amplified products were confirmed by gel electrophoresis using 0.8% agarose in which,
bromo phenol blue and ethidium bromide were used as loading dye and staining dye,
respectively. Images of the gel were taken on gel documentation system (UVIPro
Platinum, England). Purification of the Amplified products were done following the
manufacturer’s protocol (Invitrogen, USA). The amplified 16S rRNA gene products
were sequenced using universal forward 27F (5’-AGAGTTTGATCMTGGCTCAG-3’)
and reverse 1492R (5’-ACCTTGTTACGACTT-3") primers.

The obtained sequences were refined with BioEdit software and to retrieve closest
matches, BLAST search was performed on Ez-Taxon Server. On the basis of maximum
identity score sequences were selected which were aligned in Clustal W (V. 1.6)
(Thompson et al., 1994). Phylogenetic trees were generated in MEGA-6 software using
Neighbor-Joining algorithms (Tamura et al., 2011).

Biochemical characterization

Consumption of different carbon sources by the isolates were determined using API
20E kit (bioMerieux, France). Few pure colonies (16 to 18 h) of each strain were added
in 0.85% saline solution and the microtubes of API 20E kit were filled with prepared
inoculums. The kits were then placed in incubator at 28°C for 24-48 h and after then,
the results were recorded according to color change.

Phenol tolerance

Phenol resistance of isolated strains was determined by introducing the pre-culture of
each strain in MS broth augmented with 0, 250, 500, 750 and 1000 mg L™ phenol in
100 mL flasks. Flask were placed on shaker within incubator at 28°C and incubated for
3-4 days. Blank without inoculum of each concentration was prepared in parallel. At
different time gap growth was checked with the help of spectrophotometer (IMPLEN,
Germany) at 600 nm wavelength. The growth of each strain at a given phenol
concentration was determined with corresponding blank.

Phenol degrading potential and analysis

Phenol degrading efficiency of isolated strains was determined by adding the
preculture of each strain in MSM broth augmented with 750 mg L™ of phenol for 2-4
days at 200 rpm. Samples of the culture were collected at specific intervals for 3-5 days
depending upon the growth of strain. Optical density (OD) of the samples was
determined at 600 nm with spectrophotometer (IMPLEN, Germany) to observe the
growth of cells over time.

One mL sample was taken from each flask at different time intervals and centrifuged
at 12000 rpm for 7-10 min. Then 0.5 mL of centrifuged sample was diluted with an
equal amount of acetonitrile. High Performance Liquid Chromatography (HPLC)
(PerkinElmer, USA) consisting of C-18 column together with LC 295 UV/V detector.
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Mobile phase was comprised of acetonitrile and water at the rate of 60:40% (v/v) with
flow rate of 0.8 mL/min. Detector wavelength was set to 280 nm (Ahmad et al., 2014).
Identification of phenol was done on the basis of retention time and quantification on
the basis of 6 points external standards calibration curve. The data obtained from
bacterial growth versus time and phenol degradation versus time was analyze using
regression analysis.

Results and discussion
Isolation and identification

Eight bacterial isolates were isolated through enrichment in 250 mg L™ phenol but,
here we focus on two strains i.e. NCCP-310 and NCCP-405 which showed high phenol
degrading potential. Enrichment of culture was often practiced to isolate the desired
microorganisms among the diverse microbial populations (Dunbar et al., 1997). After
purification, the strains were characterized morphologically. Colony of the NCCP-310
was pale yellow in color with round shape and entire margin. The elevation was convex.
Shape of NCCP-405 was circular with white color having smooth surface. Margin of
the colony was entire with flat elevation.

Isolated strains were identified using 16S rRNA gene to avoid problems raised in
identification merely on morphological bases (Roohi et al., 2012). Refined sequences
(16S rRNA gene) of NCCP-310 and NCCP-405 were deposited to DNA Data Bank of
Japan (DDBJ) with the accession numbers AB983341and AB983342, respectively. 16S
rRNA gene sequence comparison of NCCP-310 showed that this strain shared 98.85%
similarity with Stenotrophomonas maltophilia (AB008509) which was isolated by Hugh
(1981) and assigned as Pseudomonas maltophilia but later on due to biochemical
characterizations and 16S rRNA gene sequence affiliation, the strain was assigned as
Stenotrophomonas maltophilia (Palleroni and Bradbury, 1993). This strain shared
98.85, 98.75 and 98.66% sequence identity with Pseudomonas geniculata (AB021404),
Pseudomonas hibiscicola (AB021405) and Pseudomonas beteli (AB021406),
respectively. Phylogenetic analysis confirmed the affiliation of NCCP-310 (Fig. 1) with
the above said strains but Anzai et al. (2000) performed phylogenetic analysis of y-f3
subclasses of the Proteobacteria and reclassified the strains as the members of the
genus Stenotrophomonas. However, we suggest the DNA-DNA hybridization of NCCP-
310 with the closely related strains to determine the exact taxonomic position. NCCP-
405 exhibit 98.9, 98.8 and 97.79% identity with Staphylococcus equorum subsp.
Equorum (AB009939), Staphylococcus equorum subsp. Linens (AF527483) and
Staphylococcus xylosus (D83374), respectively. Phylogenetic analysis (Fig. 2) affirmed
the association of NCCP-405 with the genus Staphylococcus.

Biochemical characterizations

Using API 20E kit, the isolated strains were tested for various organic substrates
utilization. Table 1 shows biochemical characterizations of Stenotrophomonas sp.
NCCP-310 and Staphylococcus sp. NCCP-405. Both strains showed positive results for
B-galactosidase and NO, production. In addition, Stenotrophomonas sp. NCCP-310
showed positive results for lysine decarboxylase, citrate utilization, gelatinase while
negative for all the other substrates used. Similarly, Staphylococcus sp. NCCP-405
showed positive results for urease while negative for all other substrates tested.
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Figure 1. Phylogenetic tree constructed in MEGA-5 with NJ method, showing the interelation
of NCCP-310 with other closest matches using Lysobacter yangpyeongensis (DQ191179) as an
out group.

Table 1. Biochemical characterization of Stenotrophomonas sp. NCCP-310 and
Staphylococcus sp. NCCP-405.

Biochemical tests Stenotrophomonas sp. Staphylococcus sp.
NCCP-310 NCCP-405

Arginine dihydrolase
Citrate utilization
Gelatinase

H,S production
Indole production - -
Lysine decarboxylase + -
Ornithine dacarboxylase - -
Sodium pyruvate — —
Tryptophane deaminase — —

+ 4+
|

Urease — +
B-galactosidase + +
Fermentation/oxidation of:
Amygdalin — —
Arabinose - -
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Glucose
Inositol
Mannitol
Melibiose
Rhamnose
Sacharose
Sorbitol
NO, production

Reduction to N, gas

+, positive reaction; —, negative reaction. These results are obtained after 48-72 h of incubation at 28°C.
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Figure 2. Phylogenetic tree showing the inter-relationships of strain NCCP-405 with the most
closely related type species inferred from sequences of 16S rRNA gene. The tree was generated
using the NJ method. Bootstrap values were expressed as a percentage of 1000 replications.

The bar shows 2% sequence divergence.
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Phenol tolerance

Both stains were tested for their growth in MSM broth containing 0, 250, 500, 750

and 1000 mg L™ phenol. The stain Stenotrophomonas sp. NCCP-310 was incubated for
63 h and growth was observed at all specified concentrations except 0 mg L™
Maximum growth was observed at 750 mg L™ phenol after 53 h of incubation (Fig. 3a).
Similarly, Staphylococcus sp. NCCP-405 was incubated for 86 h and showed growth at

all

concentrations except 0 mg L™. At all the given concentrations, the stain showed a

very slow growth up to 12 h. Results indicated the extreme growth of NCCP-405 at
1000 mg L™ phenol after 72 h of incubation (Fig. 3b).
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Figure 3. Tolerance of phenol at different concentrations grown at 28°C in relation to time

scale. (a) Stenotrophomonas sp. NCCP-310 and (b) Staphylococcus sp. NCCP-405. (—#—)

denote 0 mg L, (—@—)250 mg L™, (~@~)500 mg L™, ( © )750 mg L™, and (—#) denote
1000 mg L™,
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Tolerance of bacteria toward high concentration of phenol may be natural or due
to some genetic changes particularly mutation in plasmid carrying gene for phenol
degradation (Ajaz et al., 2004) or horizontal gene transfer. Tolerance of bacteria to
a particular concentration of phenol is not related to the degradation of such
amount. Nagamani et al. (2009) reported the tolerance of Xanthobacter flavus to
1100 mg L™ of phenol but this strain could not degrade such amount and showed
the ability to degrade only 650 mg L™ phenol. This was because bacteria acquire
different mechanism to withstand high concentration of phenol like increase in
saturation of lipid membrane like in increase in fatty acid amount (Keweloh et al.,
1991) and change in protein expression associated with efflux of phenol from cell
(Randall et al., 2007).

Phenol degrading potential and analysis

Remaining phenol in cultural supernatant was quantified using the equation
obtained from the regression analysis of external standards (Fig. 4a and b). The
coefficient of determination (R?) and adjusted R? values of standards were
calculated as 99.09 and 98.9%, respectively. The closeness of both values indicates
the accuracy of the model. Two types of controls were used for comparison of
phenol degraded by the isolated strains, one control containing 750 mg L™ phenol
in MSM broth (uninoculated) and the other control with no phenol in MSM broth
(inoculated). In both controls no growth observed nor observed any degradation of
phenol. Similarly, no phenol degradation was detected in control without
inoculation.

Stenotrophomonas sp. NCCP-310 was incubated for 74 h at 28+2°C in MSM
broth augmented with 750 mg L™ phenol. The strain degraded such amount in 65 h
with average degradation rate of 15.65 mg L™ h™ for which the approximate
doubling time was determined as 11.7 h™. After 49 h of incubation the strain
showed maximum growth (Fig. 5a) as indicated by OD (0.95). Percentage removal
of phenol from MSM by this strain was presented in Fig. 5b.
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Figure 4. (a) Standard curve and regression analysis presenting peak area and phenol
concentration. (b) Residual plot of the external standards used in this study.

The phylogenetic neighbor of Stenotrophomonas sp. NCCP-310 was Stenotrophomonas
maltophilia (Palleroni and Bradbury, 1993). This strain was well reported for phenol
biodegradation (Gunasundari and Muthukumar, 2013). Phenol degradation pattern of
Stenotrophomonas sp. NCCP-310 was found nearly similar to Stenotrophomonas
maltophilia K279a (Han et al., 2010) which was able to degrade 805 mg L™ of phenol and
found that this strain degraded such amount in 48 h. Similarly, Urszula et al. (2009)
reported the isolation of phenol degrading Stenotrophomonas maltophilia KB2 which
degraded 12 mM phenol. Stains of this genus comprises a range of activities including plant
growth promoting activity, human pathogenicity, role in nitrogen and sulphur cycles,
production of secondary metabolites, metal tolerance and biodegradation of pollutants etc.
(Ryan et al., 2009). Degradation of various organic compounds including p-nitrophenol and
4-chlorophenol (Liu et al., 2007), polycyclic aromatic hydrocarbons (Juhasz et al., 2000),
benzene, toluene (Lee et al., 2002), EDTA (Kaparullina et al., 2009) validates the natural
biodegradation potential of the genus Stenotrophomonas.

Staphylococcus sp. NCCP-405 was incubated for 92 h at 28+22°C in MSM broth
supplemented with 750 mg L™ of phenol. The strain degraded such amount in 85 h with
the average degradation rate of 11.64 mg L™ h™ for which the approximate doubling
time was recorded as 12.95 h™. After 53 h of incubation the strain showed maximum
growth (Fig. 6a) as indicated by OD (0.924). Percentage removal of phenol from MSM
by this strain was presented in Fig. 6b. Among the phylogenetic neighbors of
Staphylococcus sp. NCCP-405, no strain is reported for phenol degradation. However,
few strains of this genus are documented for bioremediation of phenol. Naresh et al.
(2012) reported the isolation of Staphylococcus aureus from effluent which degraded
1000 mg L™* phenol in 7 days. Prasanna et al. (2008) reported the degradation of
43.94% of 100 mg L™ phenol in 120 h. The difference of time to degrade phenol by
members of a genus is common and acceptable (Larkin et al., 2005). Similarly, few
more strains showed the phenol degrading potential belonging to this genus. Phenol
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degrading pattern of Staphylococcus sp. NCCP-405 is somewhat similar to that of
Xanthobacter flavus which was isolated from the soil near dye industry and showed
complete degradation of 600 mg L™ phenol in 120 h. In their work more than 97% of
available phenol was degraded after 80 h of incubation but after that the process was
prolonged (Nagamani et al., 2009). Comparatively, Stenotrophomonas sp. NCCP-310
degraded 750 mg L™ phenol faster than Staphylococcus sp. NCCP-405. The presence of
phenol degradation potential of phylogenetically diverse bacteria indicates the wide
distribution of this trait. However, toxicity of phenol at high concentration showed
growth with phenol by the strain Staphylococcus sp. NCCP-405 whose closely related
strains don’t have phenol degradation capacity indicates that horizontal gene transfer
might have an important role in widely distribution of this trait.
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Figure 5. (a) Degradation of phenol (750 mg L™) and growth as measured by optical density at
600 nm of NCCP-310. (—®—) denote phenol concentration in control (without inoculum),
(—@~) denote phenol concentration in inoculum, (—@—) present observed OD in inoculum and

(—®) present OD in control. (b) Percentage phenol removal from MSM broth by NCCP-310.
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Figure 6. (a) Degradation of phenol (750 mg L™) and growth as measured by optical density at
600 nm of NCCP-405. (—®—) denote phenol concentration in control (without inoculum),
(—@) denote phenol concentration in inoculum, (—@=) present observed OD in inoculum and
(—®) present OD in control. (b) Percentage phenol removal from MSM broth by NCCP-405.

Conclusion

Present study delivers a useful guideline for identification of bacteria based on
sequence analysis of 16S rRNA gene. In this study two bacteria strains NCCP-310 and
NCCP-405 were isolated through enrichment process from two different contaminated
sites. These strains showed growth up to 1000 mg L™ of phenol. The isolated strains
were found to degrade 750 mg L™ phenol, given as sole source of carbon and energy.
These degrade phenol in 65 and 85 h respectively.
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