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Article type: Background: Toluene which widely exists in petroleum and its related products has
Original Article gathered much attention due to its adverse effects on health and carcinogenic potential.
Since microorganisms are able to utilize petroleum hydrocarbon as carbon and energy
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Keywords: Materials and Methods: To screen and isolate toluene degrading bacteria, contaminat-
Bioremediation ed seawater and wastewater samples were added to toluene containing mineral media
Biosurfactant (MM). The biochemical and molecular characteristics of the isolates were then studied.
Exopolysaccharide Results: From seawater, two toluene degrading Bacillus and one Sporosacina species and
Peroxidase from wastewater a novel high capable toluene degrading strain, Bacterium Ex-DG74
Toluene were isolated and introduced. Bacterium Ex-DG74 showed tolerance to 15 % (v/v) toluene

but the marine isolated species could tolerate only 1% (v|v) toluene. This bacterium also
showed the highest catalase and membrane-bound laccase activity. The spore-forming
marine bacterium, S. halophila produced large amounts of exopolysaccharide, biosurfac-
tant and extracellular laccase.

Conclusions: The results of the present research indicated that EPS, biosurfactant and
peroxidase enzymes can have essential roles on toluene tolerance and biodegradation.
These native microbial isolates could be considered as a powerful approach for the in
situ bioremediation of hydrocarbon-contaminated sea and wastewater.
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» Implication for health policy/practice/research/medical education:
This research introduced toluene degrading bacteria as suitable strains for bioremediation of toluene contaminated water envi-
ronments by the production of high amounts of exopolysaccharides, biosurfactants and peroxidase enzymes.
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1. Background

Aromatic hydrocarbons are co mMon groundwater and

soil contaminants associated with petroleum product

releases (1). Among these, toluene is one of the most im-

- o . . portant concerns because of its toxic and carcinogenic
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fibers and pesticides (2). Although degradation of aro-
matic compounds by physical and chemical methods is
costly, the bioremediation of these compounds is a low
cost option and due to the capability of complete min-
eralization could be a desirable method (3). Bioremedia-
tion, which is one of the most effective means of toxic ma-
terial removal from contaminated water and soils, can be
achieved by stimulating the local microbial population
to use some of these compounds as their only source of
carbon and energy (4).

The native microbial strains of each environment are
more efficient than the others because of their adaptabil-
ity with the environmental conditions of the area such as
temperature, pH, salinity and etc. (5-7). Some important
products which can help the native microbial strains to
tolerate and degrade aromatic hydrocarbons are exo-
polysaccharides (EPS), biosurfactants and peroxidase en-
zymes. It seems that the production of these compounds
is the bacterial response to the extreme environmental
conditions (8-10). EPS are believed to protect bacterial
cells from desiccation, heavy metals, organic compounds
and other environmental stresses and can efficiently
emulsify toluene and other aromatic hydrocarbons (8-11).
Due to the very low water solubility and bioavailability
of petroleum hydrocarbons, biosurfactants which are
amphiphilic compounds are produced to enhance hy-
drophobic substrates uptake and utilization (12). After
emulsification and uptake, peroxidase enzymes such as
laccase and catalase play an important role in degrada-
tion and detoxification of toxic pollutants (13-15).

2. Objectives

The aim of this research was to compare production
of exopolysaccharide, biosurfactant and peroxidase en-
zymes and to find their role in tolerance increase and
bioremediation of toluene by the bacteria isolated from
water.

3. Materials and Methods
3.1.Sampling

To screen and isolate toluene degrading bacteria, con-
taminated seawater samples were collected from a depth
of 15 cm and stored in sterile 100-mL bottles from three
different sites in the Persian Gulf (the coasts of Bushehr,
Bandar-Abbas and Qeshm Island) and two sites in the Cas-
pian Sea (the coasts of Bandar-Anzali and Gisoum) and
wastewater samples were collected in spring from Isfah-
an Province, Iran, and transferred on ice to the laboratory.

3.2. Isolation and Selection of Toluene Degrading Bac-
teria

Aliquid mineral medium ( mM) was used to isolate tol-
uene degrading bacteria. This medium contained (gL-1):
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KH,PO,, 4; Na,HPO,, 4; NH _Cl, 2; MgSO,, 0.2; CaCl,, 0.001
and FeCl3, 0.001in 1000 mL distillated water and pH 6.8.
About 5 mL seawater and 1 mL wastewater samples were
added to 50 mL of sterile mM media in 250 mL flasks. 1%
(v[v) toluene was added to sterile mM media and then the
flasks were incubated at 28°C. After 1 week of enrichment,
1 mL of cultures were transferred into fresh media and
incubated further. After four subcultures, an appropriate
dilution of the culture was spread onto the toluene agar
(mineral medium with toluene and agar) plates. Pheno-
typically different colonies obtained from the plates were
transferred to fresh mM media with and without toluene
to eliminate autotrophic and agar-digesting bacteria. The
procedures were repeated and the isolates which exhib-
ited growth on toluene were stored for further character-
ization (16).

3.3. Identification of the Isolates

Identification of the isolated strains was based on col-
ony morphology, microscopic observation of the cell
cycle, Gram stain, acid-fast stain, the catalase test, the
oxidase test, oxygen requirements, motility and the abil-
ity to grow on different carbon sources according to the
standards of microbial identification (17). To identify the
best toluene utilizing strain 16S rRNA gene was amplified
with DG74-AGGAGGTGATCCAACCGCA as a forward primer
and RWO01-AACTGGAGGAAGGTGGGGAT as a reverse (18).
Sequence analysis was performed by Eurofins MWG Op-
eron’s sequencing service, Germany.

3.4. Growth Rate and Toluene Removal Assay

The growth rates of the isolates were routinely assessed
indirectly by a turbidity measurement at 600 nm in a UV-
visible spectrophotometer (Shimadzu UV-160, Japan). The
toluene removal assay was carried out by dissolving re-
sidual toluene of medium in 3 mL n-hexane and reading
the optical density of the toluene against a blank at 200
to 400 nm wavelength (16).

3.5. Laccase Activity Assay

Laccase activity was measured in 1 mL reaction measure
containing 75 mM catechol as the enzyme substrate in 50
mM sodium phosphate buffer, pH 5 and 200 uL of culture
fluid or bacterial biomass. The progress of the reaction
was monitored at 440 nm for 10 min. One unit of laccase
activity was defined as a change in A440 of 1 mL in 1 min
(19).

3.6. Exopolysaccharide (EPS) Production Assay

The production of EPS was studied by Microtiter-plate
test in nutrient broth medium. At first, the McFarland
Standard culture of toluene degrading bacteria was pre-
pared. Three wells of a sterile 96-well flat-bottomed plas-
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Biochemical Maximum

Identity
B. firmus

Anaerobic
Growth

Glucose
(0]

Nitrate Reduction Urease Catalase Oxidase OF/

Growth in
50°C

Growth in
Nacl (15 %)

Spore-forming rod

Morphology

Strain

CS

Table 1. Biochemical Characteristics of the Isolated Strains
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B. amyloliquefaciens

S. halophila

Spore-forming rod

PG-1

Spore-forming coc- +

cus

PG-2

Ex-DG 74

Coryne form

WwW

tic tissue culture plate with a lid were then filled with 200
nL of each bacterial suspension. Negative control wells
contained broth only. The plates were covered and incu-
bated aerobically for 24 h at 28°C. Then, the growth phase
medium was carefully removed by pipette, the wells of
the microtiter plates were then rinsed with 200 pL PBS
(phosphate buffer saline) and the surface of the wells
stained with 200 pL of 25 % aqueous crystal violet for 10
min. After rinsing and drying of the plates, 200 nL of 33 %
glacial acetic acid was added to each well, and the optical
density was measured at 492 nm (20).

3.7. Biosurfactant Production Assay

To determine biosurfactant production by the isolates,
the oil spreading technique was used. 50 mL of distilled
water was added to a large petri dish (25 cm diameter) fol-
lowed by the addition of 20 pL of crude oil to the surface
of the water.10 pL of the bacterial culture was then added
to the surface of the oil (21). The diameter of the clear
zone on the oil surface was measured and compared to
the concentration of biosurfactant ranging from ‘+’ to
‘++++ corresponding from partial to complete spreading
on the oil surface. The lack of biosurfactant production
was scored as negative.

3.8. Catalase Assay

The same fresh biomasses of the strains were added
to 1x9 cm test tube with 500 uL of 3 % H,0, and were
slowly shaken. Then the tubes were placed against a
dark background and observed for i mMediate bubble
formation (O, + water = bubbles). The length of pro-
duced foam in tubes was measured and reported in
centimeter unit (22).

4. Results
4.1. Isolation and Characterization of Toluene Utilizing
Bacteria

After sampling and enrichment procedures, twenty
toluene degrading bacterial strains were isolated from
wastewater and seawater of the Persian Gulf and the
Caspian Sea. Among them, two Gram-positive rods, one
Gram-positive cocci isolated from seawater (strains
CS, PG-1 and PG-2) and one Gram-positive coryneform
isolated from wastewater (strain WW) were selected
for more studies. The Gram-positive, spore-forming,
oxidase-negative and catalase-positive rods which pro-
duce convex orange colonies were identified as Bacillus
amyloliquefaciens. The Gram-positive spore-forming,
oxidase-negative and catalase-positive rods which pro-
duce slime white colonies were identified as Bacillus
firmus. The Gram-positive endospore-forming cocci,
which had aerobic growth and was able to reduce ni-
trate, oxidase and catalase positive, was identified as
Sporosarcina halophila (Table 1).
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Table 2. Sequence and High Homology of the Best Toluene Utilizing Strain

Strain

Sequence of 16S rDNA

Maximum Identity

NCBI Accession Number

wWw

TCATGAATCACACCGTGGTAACCGTCCCCCCGAAGGTTAGACTAGC-
TACTTCTGGTGCAACCCACTCCCATGGTGTGACGGGCGGTGTGTA-
CAAGGCCCGGGAACGTATTCACCGCGACATTCTGATTCGCGAT-
TACTAGCGATTCCGACTTCACGCAGTCGAGTTGCAGACTGCGATC-
CGGACTACGATCGGTTTTGTGAGATTAGCTCCACCTCGCGGCTTG-
GCAACCCTCTGTACCGACCATTGTAGCACGTGTGTAGCCCAGGCCG-

Uncultured bacterium Ex-DG74 (HQ414235.1)

clone A1-E3_M13R (98 %)

TAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCAGTT

The 16s rDNA sequence analysis for wastewater strain
which had the highest toluene degradation activity indi-
cated that the strain was close to Uncultured bacterium
clone A1-E3_M13R (98 %) and was registered as Bacterium
Ex-DG74 (HQ414235.1) in NCBI (Table 2).

4.2. Growth Rate and Toluene Removal by the Isolates

The removal of toluene was observed after 24 h incuba-
tion of the isolates in the mineral medium supplement-
ed with toluene (Figure 1A and Figure 1B). The results indi-
cated that Bacterium Ex-DG74 had a high ability of growth
on toluene as the sole source of carbon and energy and
removed toluene by 82 %. This strain had the capability of
growth on the medium contained 15 % toluene, whereas
the other strains grew only on 1% toluene containing me-
dium.

4.3.Laccase Assay in the Vegetative Cells

The supernatant and the biomass of all strains grown
on toluene containing media indicated that the vegeta-
tive cells had laccase activities. As it is shown in Figure 2
supernatant of Sporosarcina halophila and Bacillus amy-
loliquefaciens had higher extracellular laccase activity
than the other strains. On the other hand, the biomass of

Bacterium Ex-DG74 showed the highest membrane-bound
enzyme activity (Figure 2A and Figure 2B). In this situation,
induction of laccase production with toluene was more
effective than without toluene.

4.4. Exopolysaccharide Production Assay

According to the results, the production of EPS by
the marine bacteria, S. halophila and B. amyloliquefa-
ciens was higher than the wastewater isolate (Table 3,
Figure 3). Thus, it can be concluded that EPS may be an
effective factor on toluene biodegradation in marine
environment. Therefore, it seems that the production
of exopolysaccharide is the bacterial reaction to hard
environment conditions such as presence of aromatic
hydrocarbons like toluene.

4.5. Biosurfactant Production Assay

Table 4 shows the results obtained from the oil spread-
ing method. The results indicated that S. halophila had
the highest biosurfactant production rate. It is assumed
that production of biosurfactant by this strain is a mech-
anism to decrease toluene toxicity and also to increase its
bioavailability.

Figure 1. Comparison of growth and toluene removal rates among the isolated strains.
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A, The maximum growth of the isolates in toluene containing medium after 24 h; B, Analysis of toluene consumption by the isolates, assayed by UV spectroscopy
in 261 nm after 24 h (the average of three replications was shown). Control sample was the sterile medium without bacterial inoculation.
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Figure 2. Comparison of Laccase Activity Among The Isolated Strains
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The maximum laccase activity in supernatants, A, and biomass of vegetative cells; B, grown in toluene and peptone broth (the average of three replications was

shown). Control sample was the sterile medium without bacterial inoculation.

Table 3. Comparison of EPS Production in the Isolated Strains

EPS Production
S. halophila ++
B. amyloliquefaciens +++
B. firmus +
Ex-DG74 4
Control -

4.6. Catalase Assay

As it is shown in Figure 4, qualitative assay of catalase
production indicated that all strains had catalase activ-
ity. The maximum catalase activity was achieved by Bac-
terium Ex-DG74 which can efficiently help it in toluene
bioremediation.

5. Discussion

It is obvious that toluene and other volatile hydrocar-
bons are toxic to many kinds of life. In this research,
toluene degrading bacteria in sea and wastewater were
isolated and investigated. The results suggested that
these microorganisms might have potentials in bioreme-
diation of toluene in water. As previously described, tolu-
ene degrading bacteria in near shore surface water and

Figure 3. EPS Production by the Isolated Strains (the Average of Three Rep-
lications Was Shown).
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Control sample was the sterile medium without bacterial inoculation

wastewater showed a relatively wide diversity, including
species of Pseudomonas, Rhodococcus, Exiguobacterium,
Bacillus and Halomonas (16, 23, 24). In this report, a novel

Table 4. Biosurfactant Production Assay by Oil Spreading Method

Toluene Broth Zone Diameter, cm

Nutrient Broth Zone Diameter, cm

S. halophila 7
B. amyloliquefaciens 1
B. firmus 0
Ex-DG74 0
Control 0

4.5
2
2.5
1
1

Jundishapur J Microbiol. 2012;5(3)
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Figure 4. Comparison of Catalase Activity Among the Isolated Strains (The
Average of Three Replications Was Shown).
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Control sample was the sterile medium without bacterial inoculation

toluene degrading bacterium, two Bacillus and one Spo-
rosacina species were introduced, including Bacterium
Ex-DG74, Bacillus firmus, Bacillus amyloliquefaciens and
Sporosarcina halophila. Among these isolates, Bacterium
Ex-DG74 showed a great ability to remove high concentra-
tions of toluene with maximum laccase activity rate in
biomass (membrane-bound laccase).

As mentioned by Hullo et al. (25), toluene biodegrada-
tion in vegetative cells may be under the impression of
laccase activity. Catalase is an antioxidant enzyme which
is produced in almost all living organisms. Since toluene
metabolites may cause oxidative DNA damage, it is as-
sumed that this effect can be prevented by catalase ac-
tion. As it is shown in Figure 4, Bacterium Ex-DG74 also had
higher catalase activity than the other strains. Thus, we
concluded that the high ability of toluene tolerance and
biodegradation by Bacterium Ex-DG74 was related to its
strong laccase and catalase activity. Thus, we suggested
that this bacterium could be considered as a powerful
approach for the bioremediation of toluene-contami-
nated wastewaters. Production of EPS and biosurfactant
increases the bioavailability and biodegradation rate of
petroleum hydrocarbon under extreme environmental
conditions (26, 27).

Among the isolates, we also suggest the spore-forming
marine bacterium, S. halophila as a potential tool for in
situ bioremediation of hydrocarbon-contaminated sea-
waters due to its great ability in the production of EPS,
biosurfactant and extracellular laccase. In conclusion,
the production of EPS, biosurfactant and peroxidase en-
zymes by the isolates have essential role in tolerance and
bioremediation of toluene in marine and wastewater
environments and these native microbial strains of each
environment are also more efficient than the others be-
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cause of their adaptability with the area environmental
conditions such as temperature, pH, salinity and etc.
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