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ABSTRACT

Naphthalene is an ubiquitous pollutant of the environment and the biodegradation of this pollutant has been
receiving constant scientific consideration. The aim of this study was to isolate and identify bacteria that could
degrade naphthalene from three regions of the Gol Gohar Mine at Sirjan, Iran. In this study, the total naphthalene
degrading bacteria were quantified with the most probable number (MPN) and the colony forming unit (CFU)
methods. The results showed that most of the bacteria communities capable of degrading naphthalene aggregated in
the (WG) site. Among 22 isolated bacteria, seven strains were selected for their ability to grow at higher
concentrations of naphthalene (300 and 400 mg/l) and biochemical characteristics. Finally, two strains named
isolates 72N and 79N were selected for analysis of the 16S rRNA sequences. Strain 72N was identified as
Pseudomonas fluorescens AHB72N and strain 79N was shown to be related to Pseudomonas gessardii AHB79N.
The results of biodegradation tests showed that these two strains could degrade 600 mg/I naphthalene in 7 days. The
results indicated that strain 79N showed higher potential for removing naphthalene than strain 72N. Practical
application of bacterial strains for the degradation of naphthalene from the industrial zones opens interesting
prospects. The results of this study provide useful information in evaluating naphthalene degraders isolated from

wastewater and industrial sites.
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Introduction

The United States Environment Protection Agency
(EPA) has designated 16 Polycyclic Aromatic Hydro-
carbons (PAHS) as priority pollutants because they are
toxic and carcinogenic compounds. The most im-
portant sources of environmental pollution world-
wide are the discharge of industrial waste and petrol-
eum hydrocarbons into aquatic and terrestrial eco-
systems (1, 2). Naphthalene is the simple member of

the PAHSs group that belongs to 16 PAHSs classified as
priority pollutants by (EPA) and a common conta-
minant found in the environment. This di-aromatic
substance and its methylated derivatives are con-
sidered as some of the majority harmful and toxic
substances in the aquatic environment, petroleum and
industrial wastes (3). Many procedures such as vola-
tilization, leaching, chemical and photo-oxidation are
efficient in decreasing the environmental level of
PAH:S.
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Degradation of naphthalene by bacteria

Microbial activity has been considered to play a
considerable function in cause of PAHs elimination
from environment (4). Biodegradation using effective
microorganisms is commonly the preferred and main
pathway of PAHs elimination from polluted environ-
ments because of its cost effectiveness and perfect
clean up. Bioremediation technology is able to convert
these pollutants into microbial biomass, CO, and
water (5). The main benefits of bioremediation tech-
nology are its cost and environmental helpfulness over
contractual treatments, such as dredging, vola-
tilization, physical processes and electrochemical
remediation (6). Several genera of microorganisms
have been prosperously utilized in main hazardous
sludge clean-up procedures (7).

Extensive researches have been done on the
isolation of bacteria from the natural environment that
have the ability of using PAHs compounds as the sole
carbon and energy source (8). A great diversity of
microorganisms especially bacterial strains have been
repetitively isolated mostly from the soil and water
that are able to degrade some PAHSs like naphthalene,
Anthracene and Phenantherne. These isolates are
prevalently Gram-negative bacteria, the majority of
them belong to the genus Pseudomonas. The biodeg-
radation pathways have also been described in
bacterial strains belonging to Aeromonas, Bacillus,
Beijerinckia, Mycobacterium, Nocardia, Rhodococcus
and Sphingomonas (9, 10).

The aim of this research was to study the com-
munity of naphthalene-degrading bacteria from water
and soils of three regions of the Gol Gohar Mine from
Kerman province in Iran. Then, we evaluated the bio-
degradation rate of naphthalene by native isolated
bacteria in different concentrations of 1-naphthalene.
This research depicts the isolation and identification
of two dominant strains of naphthalene-degrading be-
longing to the genus Pseudomonas.

Materials and methods

Sample collection

Water and mine soil samples were collected from the
superficial layer (0-10cm) from three contaminated
places in the Gol Gohar Mine in Sirjan (Iran). These
sampling sites include: the Magnetit site (WG), the
Hematit site (WH) and the Near Hematit site (NH).
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The differences of these regions are as follows: in the
Magnetit site mine wastewater was discharged, at the
Hematit site oil contamination was detected, and at
the Near Hematit site pollution with heavy metals was
observed. The naphthalene contamination in these
regions ranged as follows: WG (470 mg/l), WH (420
mg/l) and NH 380 (mg/l). Mine soils samples (200 g)
and water samples (300 ml) were taken from 1 to 10
cm beneath the superficial of land using a sterile
spoon. The mine soils samples (200 g) and water
samples (300 ml) were gathered in the plastic bags
and transferred to the microbiology lab, where they
were stored at fridge temperature until analysis (11).

Quantification of naphthalene-degrading bacteria in
mine samples

Total naphthalene-degrading bacteria were quantified
with the most probable number (MPN) procedure
using microtiter plates and colony forming unit (CFU)
method. For enumeration of naphthalene-degrading
bacteria, mine soils or water samples were serially
diluted and cultured (100 pl) on Bushnell Hass agar
(BH) medium. All plates were incubated at 30+1°C.
After seven days, the numbers of grown colonies were
counted. The results were described as colony forming
units per one gram of soil (CFU gr™) (12, 13).

Enrichment and
bacteria

isolation naphthalene-degrading

The Bushnell Hass (BH) medium was used for
enrichment and isolation. The composition of BH
medium (per liter) was as follows: 0.2 g MgSO..
7H,0, 0.02 g CaCl,. 2H,0, 1.0 g KH,PO,, 1.0 g
KyHPQO,4, 1.0 g NH4NO;, 0.05 g FeCl; and trace el-
ements (1ml/I). For preparation of solid culture media,
15 g agar per liter was added to the above media and
was spilled into plates. Then 200 mg/l of naphthalene
were dissolved antecedently in 0.1 mL acetone and
added to the media. After perfect evaporation of
acetone, 5 g of mine soils or 5 ml of mine water sam-
ples were added to BH medium and the flasks put on
the shaker incubator (180 rpm, INFORS AG, Switz-
erland) at 30°C for 168 hrs. Then 5 ml aliquots were
removed to fresh medium. After a series of two
another passage process, inoculants from the flask
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were streaked out, and phenotypically various
colonies purified on BH-agar medium. Phenotypically
various colonies prepared from the plates were trans-
ferred to fresh media with (200 mg/L) naphthalene to
delete agar consuming bacteria. Finally isolates just
showing significant growth on naphthalene were
stored in stock media with glycerol at -20°C (14, 15).

Assay of growth and naphthalene degradation by
isolates

Growth curves of the isolates were commonly
estimated indirectly by turbidity estimation as (O.D. at
600 nm). To estimate the remaining naphthalene after
the time course standard graphs were prepared using 1
to 10 mg/l of naphthalene, the naphthalene degrade-
ation assay was performed using calibration curve of
naphthalene at 276 nm (16).

Biochemical characterization of the isolates

The isolates were characterized with color and
morphology. Gram staining and various other bio-
chemical experiments such as oxidation/ fermentation
test, production of acid from carbohydrates, nitrate
reduction, oxidase test, catalase test and production of
gas were tested as described previously and performed
based on Bergey’s manual for identification of
Bacteriology (17).

DNA extraction and PCR amplification of 16S rRNA
genes

The identities of the isolated strains were depicted
through sequence analysis of the 16S rDNA gene. The
cetyltrimethylammonium bromide (CTAB) method
was used to extraction total DNA from the isolates
(18). The partial 16S rRNA genes were amplified in a
thermal cycler through applying the forward primer,
Bac27-F (5'-AGAGTTTGATCCTGGCTCAG-3') and
universal reverse domain particular bacteria primer
Uni-1492R (5'-TACGYTACCTTGTTACGACTT-3").
The amplification reaction was carried out in 25 pl
volume including, 2 mM MgCl, (1 ul), 10X PCR
reaction buffer (200 mM Tris; 500 mM KCI) (2.5 pl),
2 mM each ANTP (2 ul), 0.15 mM each primer (1 pl),
1U (0.5 pl) Taq DNA polymerase and 2 pl of template
DNA (50 pmol). In order to stabilize the reaction,
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purified water was supplemented. The amplification
of 16S rRNA gene for PCR was carried out under
following conditions: 95°C for 5 min (1 cycle); 94°C
for 1 min, 54°C for 1 min, 72°C for 2 min (35 cycles)
and 72°C for 10 min after the final cycle (19).
Electrophoretic analysis of DNA was performed using
a horizontal agarose gel 2% (w/v) in TBE buffer (Tris
0.089M, Boric acid 0.089 M, Ethylene diamine tetra
acetic acid (0.002 M) at pH 8.5). Ethidium bromide
(EtBr) was used as nucleic acid staining for agarose
gel electrophoresis. PCR products were sequenced by
Macrogen (Korea) after the DNA bands detected on a
UV light box (254 nm wavelength) through an ultra-
bright LED transilluminator. The assembled se-
quences were subjected to the BLAST server and the
DNA data bank of the National Center for Bio-
technical Information NCBI, and 16S rRNA genes
were accurately aligned with other validly published
Pseudomonas species and were regained for phylo-
genetic analysis of the Pseudomonas strains. Align-
ments of sequences were performed through the soft-
ware Clustal W. Reconstruction of phylogenetic trees
was performed using Neighbor-Joining algorithms
included in MEGA-5 software package (20, 21).

Analysis of emulsifying activity and bacterial
adhesion to hydrocarbon (BATH) of the isolates

The emulsifying activity of the isolates was measured
by adding two ml of diesel and two ml of the culture
supernatant in an experimental tube and mixing with a
vortex for 2 min to procure maximum emulsification
and permitted to stand for 24 h. The percentage of the
E,s emulsifying index was estimated using the
following formula:

%E,, = (Total height of the mixture - Height of
emulsified diesel)/Total height of the mixture x 100.

The estimation of BATH was assayed to identify
modifications in bacterial surface hydrophobicity
while growth on minimal salt medium with %0.02
naphthalene (22). In present investigation the method
for measurement of BATH was performed in
accordance with procedures explained by Pruthi and
Cameotra (23).
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The effect of different concentrations of naphthalene
on growth of selected bacterial strains

The growth rate of selected bacterial strains in various
concentrations of naphthalene was determined. The BH
medium was supplemented with various concentrations
of naphthalene (0.02%, 0.03%, 0.04%, 0.05% and
0.06%). The flasks were incubated for 168 hours at
30+1°C on a rotary shaker incubator, managing at 180
rpm (Shaker INFORS AG, Switzerland). Growth rate
was ordinarily estimated indirectly with turbidity
measured as optical density (OD600 nm) in a UV-
visible spectrophotometer (24, 25).

Gas Chromatography of remaining of naphthalene in
BH medium

Gas Chromatography (GC) was used to precisely
determine naphthalene degradation. After 168 hrs of
incubation, 5 ml of BH medium was utilized to assay
remaining naphthalene. For extraction of residual
naphthalene in BH medium 1800 ul of ethyl acetate
supplemented with 200 pl of methanol were added
into BH medium and placed in the vortex for 5 mins.
The ethyl acetate was evaporated completely; the
extracts were concentrated and added to 1 ml normal
hexane. Finally, 1 pl of the extracts was used for

assaying the amount of residual naphthalene and
injected to Shimadzu GC-14B, prepared with flame
ionization detector (FID). In this research the analysis
method (GC) for measurement of naphthalene
degradation was performed in accordance with pro-
cedures explained by Kom et al. (26, 27). The percent-
tage of naphthalene degradation (N%) was estimated
with the following formula: N%= 100(CI-CF) CI "', in
which CI was the initial concentration of naphthalene,
CF was the final concentration of naphthalene after
168 hr of incubation (26, 27).

Results

Enumeration of naphthalene-degrading bacteria in
collected mine samples

The quantity of naphthalene-degrading bacteria in
three mine samples (soil and water) was determined
with two enumeration methods (CFU and MPN). The
results are presented in Table 1. According to these
results the Magnetit site (WG) of Gol Gohar mine had
the highest quantity of naphthalene degrader and less
naphthalene degrading bacteria exist in the Near
Hematite site (NH) of this mine.

Table 1. Quantity of naphthalene degrading bacteria (CFU and MPN) in three mine samples around Gol Gohar mine (South
Iran). Abbreviations: Magnetite site (WG), Near Hematite site (NH), and Hematite site (WH).

Sample MPN CFU 107
Naphthalene degrading bacteria Naphthalene degrading bacteria
WG 21x10° 35x10°
NH 93x10° 6x10°*
WH 15x10" 20x10"

Isolation and identification of naphthalene-degrading
bacteria

Twenty-two naphthalene-degrading bacteria were
isolated from enrichment mine soil and water cultures
that were established at 30°C for seven days. The
screening results show that all isolated bacteria can
degrade (d) naphthalene at a concentration of 200
mg/l. Seven isolates were selected for capability of
growth on a higher concentration of naphthalene (300-
400 mg/l.). So, these isolates were first classified by
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biochemical tests. The results of the biochemical
examinations are shown in Table 2. The results
confirm that all the isolated bacteria were Gram
negative and have no motility. From these isolates
strains 79N and 72N were able to utilize high
concentrations of naphthalene (600 mg/l), therefore as
a next step, molecular determination of the isolates
was carried out by amplification and sequencing the
16S rRNA gene and comparing the sequences to the
database of known 16S rRNA sequences. The
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molecular determination shows that these two isolated
strains (79N and 72N) belong to Pseudomonas
gessardii AHB79N and the strain 72N is related to
Pseudomonas fluorescens AHB72N. The GenBank ID

of the bacterial strains in NCBI are LN866625 (Strain
AHB79N) and LN866624 (Strain AHB72N). The
phylogenetic trees including these two strains are
shown in Figure 1.

Table 2. Gram staining and biochemical characterization of strains. Symbols used: +: Positive response, -: Negative response.

Strain name GRAM STAIN CATALASE OXIDASE O F NITRATE CITRATE S | M TSI
N71 _ + _ + o+ + + L acidsalkali
N72 _ _ + L + + - alkalisalkali
N75 _ + _ + + + ~__ alkalisalkali
N76 _ + _ +  + + + - acid/ acid
N79 _ + + + + + __ _ alkali/alkali
N80 _ + + L + + _  _ _ alkalijalkali
N81 + + + + + + _ acidalkali

M Pseudomonas gessardii AHB79N (LN866625)
Pseudomonas fluorescens strain A12 (KT767652.1)
Pseudomonas sp. D5(2013) (KC310840.1)
Pseudomonas fluorescens strain KB20 (JF327452.1)
Pseudomonas gessardii strain JF19 (KCI171996.1)
Pseudomonas fluorescens strain Rs- 198 (FJ147200.1)

— Pseudomonas brenneri strain LZ-Q (KR140091.1)
3L— @ Pseudomonas fluorescens AHB72N (LN866624)

Pseudomonas gessardii strain JF34 (KC172008.1)
Pseudomonas gessardii strain A16 (KT767656.1)
Pseudomonas gessardii strain JF7(KC171987.1)
Pseudomonas gessardii strain IHBB 9179 (KR085817.1)
Pseudomonas sp. 1689013 (KJ125513.1)

out group Vibrio harveyi strain Al (JF264472.1)

Figure 1. Phylogenetic tree showing the inter-relationships of strains AHB79N and AHB72N with the most closely related type
strains of the genus Pseudomonas inferred from sequences of 16S rRNA gene. Vibrio harveyi strain Al (JF264472.1) was used as
outgroup. The tree was generated using the neighbor-joining method. Bootstrap values expressed as percentages of 1000
replications, are given at the branching point. The accession number of each strain is shown in parentheses.

Growth rate and percentage of naphthalene
degradation by strains

The results of naphthalene degradation assay and the
growth rate of seven isolated bacteria are presented in
Table 3. As shown in Table 3, isolated bacteria
reached 1.5 OD after 7 days and approximately de-
graded 50 percent of naphthalene in BH medium,
strains 79N and 72N reached 1.8 and 1.35 OD after 7
days and approximately degraded 60 percent of
naphthalene in BH medium. Four strains showed high
growth rate and naphthalene degradation (79N, 72N,
80N and 81N) at 500 mg/l between 7 isolates. Finally,
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2 strains (79N and 72N) that showed high growth rate
and naphthalene degradation (55% and 46%) at 600
mg/l were selected for detailed examination. Growth
curve (OD. 600 nm) and naphthalene degradation in
tube culture of the 79N strain at 30°C in 600 mg/I
naphthalene concentration are presented in Figure 2A.
The growth of the 79N strain was started after a short
delay, and after proceeding for several hours the
bacteria entered the log phase. The highest growth
occurred 96 hrs after inoculation, and right after it, the
stationary phase began.
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Table 3. Qualitative degradation, rate of naphthalene removal (%) at 200 mg/1, value of OD 600, (E,,%) and (BATH %).

Rate of naphthalene

Strain Qualitative degradation removal (%) Value of 0.D600 (E24%) (BATH%)
71N + + 45 0.46 46 6
72N + + + + 63 1.358 6 38
75N + + + 47 0.592 5 21
76N + + 52 0.47 8 5
79N + + + + 68 1.878 7 8
80N + + 57 0.638 5 23
81N + + + + 60 1.77 5 5
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Figure 2. Growth (as O.D. 600 nm) and naphthalene removal in culture of Pseudomonas gessardii AHB79N at 30°C in 600 mg/l
naphthalene concentration with calibration curve of naphthalene during 168 h incubation (A), and Growth curve of bacteria
strains (79N and 72N) in different concentrations of naphthalene (B).

Bacterial surface hydrophobicity (BATH) and

emulsifying activity of isolates

The emulsifying Index and BATH tests were ex-
amined for all isolated bacteria for selection of
prevalent strains. The results for these examinations
are presented in Table 3. The highest percentage of
BATH was for the 72N and 74N strains (38% and
45%) and the highest emulsification activity (E,s)
related to strain 71N was 46% (Table 3).
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Effect of different concentration of naphthalene on the
growth rate of selected isolates

The results showed that all isolated bacteria (22
isolates) had the ability to degrade the initial con-
centration of naphthalene (200 mg/l). Seven strains
showed growth and naphthalene degradation at 400
mg/l concentration of naphthalene. Among these
seven isolates four isolated strains (79N, 72N, 80N
and 81N) had high growth at 500 mg/l concentration
and selected for further experiments. Strains 79N and
72N showed naphthalene degradation at 600 mg/I
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concentration after 7 days (Figure 2B). As shown in
Figure 2, the maximum concentration of naphthalene
that can be degraded by these two strains was 600
mg/l.

Analysis of residual naphthalene with GC by strain
79N

The results of GC analysis of residual naphthalene at

BH medium showed that the Pseudomonas gessardii
A

FID1(Naphthalene, Blank A1)

AHBT79N strain was the best naphthalene degrader
and degraded 55% of naphthalene at 600 mg/l con-
centration after seven days. Results of naphthalene
degradation measured by GC are shown in Figs. 3A
and 3B. Control Al is blank naphthalene and A2 for
strain AHB79N, respectively.

"
+

T Time (min)

L s
T T

Figure 3. Analysis of naphthalene 600 mg/l by GC after 168 h incubation. A: As blank, and B: By strain 79N.

Discussion

Aromatic compounds are pollutants, often mutagenic
and toxic, found in most terrestrial environments that
increase in industrial development. Aromatic com-
pounds and are products of incomplete combustion.
Main components of petroleum are continuously
released into ecosystems, and pose a risk for human
health due to their carcinogenic nature and bioavail-
ability in soil and water environments (28).
Naphthalene is one of the PAHs widespread in the
environment. Many various species of bacteria
capable of degrading naphthalene have been obtained,
mainly from water and soil environments.

Most of the naphthalene-degrading bacterial strains
that were earlier discovered belong to the genus
Pseudomonas. The naphthalene-derivative gene
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clusters in this genus were highly analogous to the
naphthalene (NAH) gene cluster from the NAH7
plasmid in Pseudomonas putida strain G7 (29).
Different bacterial strains such as: Pseudomonas,
Rodococous, Marinobacter, etc., have earlier been
demonstrated to be able to degrade aromatic
compounds, but most of the study exhibited that
Pseudomonas has a higher capability to degrade the
naphthalene (30, 31). In addition, naphthalene bio-
degradation was studied using the bacterial strain
Pseudomonas putida S2 (32). Bioremediation method
is the application of microorganisms especially
bacterial to eliminate environmental contamination
such as aromatic compounds. This method is applied
for hazardous toxic substances and also for aromatic
contamination cleanup. Bacteria convert this com-
pound into less injurious compounds and use them as
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the only source of carbon and energy (33).

Researchers have applied various methods for
assay naphthalene biodegradation by naphthalene-
degrading microorganisms. For example naphthalene
removal assay was carried out using the standard
calibration curve of naphthalene (34-37). Kom et al.
(27) applied GC to estimate the removal of
naphthalene values. In the present investigation, we
isolated 22 naphthalene-degrading bacteria from the
Gol Gohar mine in Iran; seven of these isolates were
checked for growth on the BH medium containing 400
mg/l of naphthalene. Two bacterial isolates 79N and
72N were selected on the basis of their best growth on
naphthalene (600 mg/l). The residual concentration of
naphthalene, determined by GC analysis and the
AHB79N isolate, showed a degradation of 55%
during the 168 hr incubation. Phylogenetic analysis
based on the 16S ribosomal RNA sequences of two
strains showed that the isolated bacteria (strains 79N
and 72N) belong to Pseudomonas gessardii AHB79N
and Pseudomonas fluorescens AHB72N, respectively.
The results corroborate the opinion that the mine
environment is a suitable source of bacterial strains
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