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Abstract— Nowadays, the use of pesticides as plant protection products has become widely prevalent, leading
to the entry of large amounts of pesticides into soil and water resources, and subsequently, a threat to the envi-
ronment. The objective of this study was molecular identification and resistance investigation of atrazine
degrading bacteria in the sediments of Karun River, Ahvaz, Iran. Nine samples were collected in both summer
(Jul) and autumn (Nov) year 2012 from a depth of 3 to 5 cm of the sediments. Atrazine degrading bacteria
were enriched in a culture containing atrazine with initial concentration of 30 mg/L. Identification ofisolated
bacteria was performed by morphological and biochemical test and molecular analysis based on 16S rDNA
sequencing. The atrazine biodegradation rate was obtained by high-performance liquid chromatography
(HPLC). Six strains was identified including Achromobacter insolitus strain F-N3, Delftia tsuruhatensis strain
F-N4, Klebsiella pneumonia F-N1, Enterobacter ludwigii strain F-N5, Serratia marcescens strain F-N6
in both summer and autumn, and Exiguobacterium profundum strain F-N2 only in the summer. The mini-
mum inhibitory concentration (MIC) of atrazine showed that the most resistant species belonged to E. lud-
wigii F-N5 and D. tsuruhatensis F-N4 in the both seasons. The atrazine degradation rates of the two strains
reached 90 and 85%, respectively after 7 days culture. Result showed that indigenous bacteria in the Karun

River can degrade the atrazine effectively.
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Atrazine (2-chloro-4-ethylamino-6-isopropyl-
amino-1,3,5-triazine) is a systematic selective triazine
herbicide that is broadly used for annual control of
broad leaf and grass weeds in farms such as corn, sugar
cane, cereals and cornelian cherry. Although this sub-
stance is banned for use in many European countries,
it is still commonly used in many countries like China,
India, and United States, because of its effectiveness
in reducing the losses and destruction of farmlands [1].
Atrazine is generally a serious pollutant of drinking
water due to its high fluidity in underground water [2].
It is also probably a human carcinogen, nevertheless in
1991, the International Agency for Research on Can-
cer (IARC) concluded that inadequate evidence in
humans and limited evidence in laboratory animals
has been provided for human carcinogenesis [3]. A
number of methods have been developed for the
removal of atrazine from environment such as adsorp-
tion, incineration, reduction-oxidation, dechlorina-
tion, photolysis, reverse osmosis, chemical degrada-
tion, etc. However, these methods are costly and pro-
duce many other toxic intermediates. Bioremediation
is the promising technology for the treatment of the
contaminated sites since it is cost-effective and will
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lead to complete mineralization. This method is con-
sidered as the most effective way to destroy pesticides
in the environment [4]. Because of the diversity of bio-
chemical characteristics and the strong ability to adapt
to the environment, the bacteria play an important
role in atrazine degradation. Many studies have shown
that microorganisms in water and soil have the ability
to degrade atrazine. Therefore, it is important to iso-
late strains with high degradation efficiency [5]. Pres-
ently, the isolated atrazine-degrading strains include
bacteria, fungi, algae, and actinomycetes such as
Rhodococcus [6], Pseudomonas, Agrobacterium [7],
Acinetobacter [8], Rhizopus, Aspergillus, Aspergillusus-
tus, Fusarium, Penicillium, Trichoolerma, White rot
fungi, and so on [9, 10]. An atrazine-degrading bacte-
rial culture was isolated from an agricultural soil previ-
ously impacted by herbicide spills. The organism was
capable of using atrazine under aerobic conditions as
the sole source of C and N [11]. A high efficiency atra-
zine-degrading bacterium, strain AD1, which was
capable of utilizing atrazine as a sole nitrogen source
for growth, was isolated from industrial wastewater.
16S rDNA sequencing identified AD1 as an Arthro-
bactersp. [12]. Atrazine is slowly degraded in the water
and soil, yielding metabolites such as desethylatrazine,
desisopropylatrazine, desethyl-desisopropylatrazine,
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Table 1. Geographical coordinates of the sampling stations

Station North, N East, E
A 31°19'04.62" 48°39'55.84""
B 31°20'08.72" 48°41'12.87"
C 31°20'07.68" 48°41'12.43"

and hydroxyatrazine, which can be further, degraded
[13].

Khuzestan—Iranian province—having a large
number of sugarcane plantations, is faced with the
danger of agricultural pollution, including herbicide
entering into the Karun River. In spite of this, the lack
of sufficient study on atrazine biodegradation in the
contaminated river sediments is apparent. In this
study, atrazine degrading strains were isolated from the
sediments of Karun River and identified by physiolog-
ical and biochemical tests and 16S rDNA gene
sequencing. HPLC analysis and MIC test were also
used to determine atrazine biodegradation rate and
the most resistant isolated strains, respectively.

MATERIALS AND METHODS

Sampling. The sampling was conducted in both
summer (Jul) and autumn (Nov) year 2012 at three
stations (A to C) from sediments at the depth of 3 to 5
cm in the Karun River. Each station was sampled three
times, and sediment samples were carried to the labo-
ratory by ice-protected sterile containers. Geographi-
cal coordinates of sampling locations, which are
shown in Table 1, were determined by GPS devices.

Counting bacteria. The bacteria were counted
based on viable plate count method. In order to count
the bacteria, 10~ to 10~ dilutions were prepared by
physiological serum from collected sediment samples.
The diluted samples were then cultured on nutrient
agar by surface plate method, both with atrazine
(30 mg/L; 99.5% purity) and without it. The cultured
plates were incubated at 30°C and the colonies were
eventually counted after 24 h [14].

Enrichment and isolation of bacteria. Enrichment
was performed using a basal salt medium (BSM) con-
taining (per liter) MgSO, - 7H,0 (0.5 g), (NH,),SO,
0.5 g), K,HPO, (0.5 g), FeCl; - H,0 (10 mg), CaCl, -
H,0 (10 mg), MnCl, (0.1 mg), ZnSO, (0.01 mg) and
sodium citrate (0.01 mg). 95 mL of BSM containing
30 mg/L of atrazine was mixed with 10 g of sediment
sample. The pH of the medium was adjusted to 7.0.
Cultures were incubated aerobically on a reciprocal
shaker (100 rpm) at room temperature (23—25°C) in
the dark to preclude photolysis reactions. All enrich-
ment cultures were subcultured on the same medium
at a one week interval. From a one week-old culture,
10 mL was transferred to 90 mL of freshly prepared
atrazine medium. Repeat the transfer process said
above every week. After two months enrichment, the

liquid medium was plated on solid culture medium
and cultured at 30°C. Morphologically distinct colo-
nies were selected for plate clearance assay [3].

Identification of atrazine-degrading bacteria. The
isolated strains were identified by colony morphology,
Gram staining, microscopic form, and some bio-
chemical tests including oxidase, catalase, TSI, ure-
ase, citrate, motility, indole which are shown in Table 2.

Molecular identification. In order to confirm the
results obtained from the biochemical and morpho-
logical tests molecular identification was done by of
16S rDNA gene sequencing. DNA extraction was
done with the CinnaGen company kit program (DNP
kit, CinnaGen, Iran). For PCR amplification, two
universal primers for the Domain Bacteria, (27F 5'-
AGAGTTTGATCMTGGCT CAG-3') and (338R 5'-
GCTGCCTCCCGTAGGAGT-3") were used as sense
and antisense primers, respectively. The reaction mix-
ture was prepared to a total volume of 25 pL contain-
ing: 1 pL ANTP, 10 uL MgCl,, 10x PCR buffer, 5 uL
of each primers, 2 pL template DNA, 2 uL Taq poly-
merase. The reaction mixture was incubated in a ther-
mal cycler with an initial denaturation step at 96°C for
3 min, followed by 35 cycles of denaturation at 96°C
for 30 s, annealing at 59°C for 30 s and extension at
65°C for 40 s and a final extension step at 65°C for
10 min.

Electrophoresis. The electrophoresis gel was used
on the 0.1% agarose (wW/v), with the voltage of 70 V for
one hour in order to see the band pattern of the PCR
product. The TAE buffer was applied for electrophore-
sis. The 1 kb ladder (Fermentase Gen Ruller SM 0373)
was also used to determine the size of PCR products.

The 16S rDNA gene sequencing. The multiplied
16S rDNA genes obtained by PCR were sent to South
Korea for sequencing, with the cooperation of Tiba
Biotechnology Company, Fars, Iran. DNA sequences
of the cloned 16S rDNA fragments compared using
BLAST at http://www.ncbi.nlm.nih.gov/BLAST/
(National Center of Biotechnology Information,
NCBI).

Biodegradation testing. Atrazine degradation
experiments were conducted in 250 mL Erlenmeyer
flasks containing 100 mL of BS medium. Atrazine was
added to BS liquid media to final concentration of
30 mg/L. Bacteria strains (10° cells/mL) was incu-
bated overnight (~14 h) in 5 mL nutrient broth at
30°C. After incubation, cultures were centrifuged at
6000 rpm for 15 min and cells collected. These were
washed three times with BS liquid medium and resus-
pended in a small volume (5 mL) of the same medium.
Inocula for all experiments were prepared by diluting
the recovered cultures with desired media to give a
spectrophotometric reading of 0.05 at 600 nm. Cell
suspension (500 pL) was inoculated into a 100 mL BS.
The cultures were incubated on orbital shaker at
150 rpm at 30°C for 7 days. At 24 h interval, 20 mL of
each culture were sampled for chromatographic anal-
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Table 2. The results of biochemical tests
B . Gram .- . .
acteria staining Motility | Oxidase |Catalase| Urease | Citrate | Indole MR VP TSI
A. insolitus Negative + + + — + — — - ALK/ALK
strain F-N3
D. tsuruhatensis | Negative + + + — — — — - A/A
strain F-N4
K. pneumonia Negative — — + + + — — + ALK/ALK
strain F-N1
E. ludwigii Negative + — — — + — + + A/A
strain F-N35
S. marcescens Negative + — + - + - - + A/A
strain F-N6
E. profundum Positive + — + — — - + — A/A
strain F-N2

yses. Controls involving the use of uninoculated flasks
were included and each experiment was performed in
triplicate [15].

Extraction and determination of atrazine. Two mL
of methanol were added to 5 mL BS medium in screw
cap glass tubes that were than shaken several times.
One mL of the upper phases (methanol) were trans-
ferred to clean tubes and evaporated on a rotary evap-
orator. The remaining pellets were dissolved in 2 mL of
HPLC mobile phase and stored at 4°C for HPLC
analysis. Ten puL of each sample were injected into a
Shimadzu HPLC system equipped with UV detector
at a fixed wavelength 254 nm. The analysis was carried
out by using a C18 column. Methanol : water
(80 : 20 v/v) was used as a mobile phase at a flow rate
of 0.5 mL/min [15].

Determination of minimum inhibitory concentra-
tions (MIC). MIC test was used to determine the most
resistant isolated bacteria to atrazine which is the min-
imum concentration of atrazine that inhibit the
growth of bacteria. Nine tubes, containing LB broth
were used for each bacterium. One milliliter of atra-
zine solution (concentration of 1500 mg/L) was added
to the first tube using a sterile sampler, and dilution
was performed to the final tube. The amount of 0.1 mL
bacterial suspension was added to the tubes (according
to 0.5 McFarland). Finally, the tubes were examined
for turbidity after 24 h. The lowest concentration that
inhibits the growth represents the MIC.

Statistical analysis. Comparisons were made
between the different seasons and stations of the atra-
zine-degrading bacteria in sediment samples, and the

results were analyzed using SPSS statistical software
and the analysis of variance (ANOVA).

RESULTS

Counting bacteria. Logarithmic mean of the num-
bers of bacteria in a medium containing atrazine in
MICROBIOLOGY Vol. 84

No. 4 2015

summer 4.652 + 0.022 (CFU/g) was significantly
lower than a medium without atrazine 5.16 =+
5.025 (CFU/g) in the same season (P < 0.01). In
autumn season in a medium containing atrazine, log-
arithmic mean bacterial count 4.112 £ 0.032 (CFU/g)
was significantly lower than logarithmic bacterial
count in a medium without atrazine 4.751 =+
0.036 (CFU/g) in a mentioned season (P < 0.01)
(Fig. 1).

Maximum number of bacteria was seen in the sum-
mer 5.467 (CFU/g) in a medium without atrazine
while the lowest number was in the autumn
4.103 (CFU/g) in a medium containing atrazine. A
significant difference of mean count of bacteria was
observed between these two seasons in medium con-
taining atrazine and without atrazine (P < 0.01).

Identification of atrazine degrading bacteria. Bacte-
ria were identified by various biochemical tests and
Gram staining which is shown in Table 2. Different
bacterial species were isolated from the Karun River
sediments which all grow well on the salt medium. Six
aerobic strains was identified including Achromobacter
insolitus, Delftia tsuruhatensis, Klebsiella pneumonia,
Enterobacter ludwigii, Serratia marcescens in both
summer and autumn, and Exiguobacterium profundum
only in the summer.

The sequences of 16S rDNA of isolated bacteria
were compared with sequence of registered bacteria
from the GenBank. The homology between sequences
obtained from 16s rDNA and gene bank showed
K. pneumonia with 85% similarity, E. profundum with
97% similarity, A. insolitus with 96% similarity, D. tsu-
ruhatensis with 99% similarity, E. ludwigii with 97%
similarity and S. marcescens with 92% similarity.

The 16S rDNA gene for these bacteria were
registered in the NCBI GenBank, and their
accession numbers were as K. pneumonia strain F-N1
Accession: KF366299, FE. profundum strain F-N2
Accession: KF366300, A. insolitus strain F-N3 Acces-
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Fig. 1. Logarithmic mean of the numbers of bacteria in two
seasons, with and without atrazine.

sion: KF366301, D. tsuruhatensis strain F-N4 Acces-
sion: KF366302, E. ludwigii strain F-N5 Accession:
KF366303 and S. marcescens strain F-N6 Accession:
KF366304.

MIC test. The MIC test results of the various atra-
zine concentrations (i.e., 1.5, 1.25, 1, 0.5, 0.25, 0.125,
0.06, 0.03, 0.015, and 0.0075 g/L) indicated that the
most resistant bacteria belonged to D. fsuruhatensis
strain F-N4, E. ludwigii strain F-N5, and FE. profun-
dum strain F-N2 in the summer (Table 3), as well
as D. tsuruhatensis strain F-N4 and E. ludwigii strain
F-N5 in autumn (Table 4), with MIC 1 g/L. In both
seasons, S. marcescens strain F-N6 was determined as
the less resistant bacterium with MIC 0.5 g/L.

Biodegradation rate. Results from HPLC analysis
indicated that atrazine was considerably degraded by
the bacterial isolates. The highest atrazine degradation

Table 3. The results of MIC test in the summer
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rate (90%) was observed by E. ludwigii strain F-N5 fol-
lowed by D. tsuruhatensis strain F-N4 (85%), E. pro-
Sundum strain F-N2 (82%), A. insolitus strain F-N3
(68%), K. pneumonia strain F-N1 (65%) and S. marce-
scens strain F-N6 (54%). Results are graphically pre-
sented in Fig. 2.

DISCUSSION

Atrazine herbicide is extremely toxic to freshwater
and river organisms [16], but fortunately, this herbi-
cide could be eliminated by biodegradation process
[17]. In the present work, the sediments of Karun
River were sampled in summer and autumn. The col-
onies of bacteria appeared in the atrazine agar medium
within 3 to 5 days which indicates their resistance to
atrazine. The logarithmic mean of bacterial counts in
the summer was 4.908 (CFU/g), which is more than
the logarithmic mean of bacterial counts in autumn
which was 4.431 (CFU/g). Like every microbial activ-
ity, biodegradation of atrazine is influenced by various
environmental factors such as temperature. The loga-
rithmic mean of bacterial count in the presence of
atrazine was 4.382 (CFU/g) and in the absence of
atrazine was 4.958 (CFU/g). This result obtained as
atrazine is a toxic substance for bacteria which inhibits
their growth.

Among gram negative bacteria, complete degrada-
tion of atrazine has been limited to the genera, e.g.,
Pseudomonas, Agrobacterium, Pseudaminobacter, Che-
latobacter, Delftia, and unidentified genera. Atrazine-
degrading gram-positive bacteria are distributed
within the limited genera, e.g., Rhodococcus, Arthro-
bacter, and Nocardioides |4]. In the current study, atra-
zine degrading bacteria were identified via usual bio-
chemical tests and PCR method with 16S rDNA
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concentration,

A. insolitus
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strain F-N3

E. profundum
strain F-N2
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K. pneumonia
strain F-N1

1.5 — —
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0.5
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Control and bacteria

+ o+ + o+ o+t
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Table 4. The results of MIC test in the autumn
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Atrazine initial

Bacterial strains

D. tsuruhatensis
strain F-N4

A. insolitus
strain F-N3

concentration, g/L

S. marcescens
strain F-N6

K. pneumonia
strain F-N1

E. ludwigii
strain F-N5

1.5
1.25
1
0.5
0.25
0.125
0.06
0.03
0.015
0.0075
Control and bacteria

+ + + + + ++ o+
+ + 4+ + 4+ + + +F

Control and atrazine

+ o+ + + o+ o+t
+ o+ + + o+ o+
+ + + + + + 4

sequence. Li et al. (2008) isolated a bacterial strain
(AD26) capable of utilizing atrazine as a sole carbon
and nitrogen source for growth from an industrial
wastewater sample by enrichment culture. The 16S
rRNA gene sequencing identified AD26 as an Arthro-
bacter sp. [18]. In the present research, this bacterium
was also isolated in both summer and autumn seasons.

In the present study, different bacteria were used for
atrazine degradation with varying degrading ability. It
was found that the highest degradation rate (90%) was
shown by E. ludwigii F-N5 which may be due to favor-
able environmental conditions as well as high produc-
tion of enzymes responsible for atrazine biodegrada-
tion. Ngigi et al. (2012) identified strain ISL 14 as

100
90
80
70
60
50
40
30
20

Atrazine degradation rate, %

Enterobacter cloacae which was capable of degrading
82% of atrazine [19]. Zhang et al. (2009) isolated two
strains Microbacterium sp. and Arthrobacter sp. from
black earth in a cold area. The atrazine degradation
rates of the two strains reached 77.7 and 65.6%,
respectively after 14 days culture in a liquid medium
with an atrazine concentration of 100 mg/L [5]. No
Micobacterium and Arthrobacter were found in the cur-
rent research. Vargha et al. (2005) isolated a bacterium
member of Delftia genus capable of degrading atrazine
as a sole source of carbon and nitrogen [20]. In the
present research D. tsuruhatensis F-N4 could degrade
82% of atrazine.

Bacteria

Fig. 2. Amount of degraded atrazine (%) by bacteria.
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Atrazine is converted by bacteria to cyanuric acid
through a series of hydrolytic reactions starting with
dechlorination and then the sequential removal of the
two alkylamino chains [21]. The intermediates of atra-
zine biodegradation through the formation of cyanuric
acid are believed to be common, but the sequence of
pathway steps varies among the known degrader [22].

In the current study MIC test was used to deter-
mine the most resistant isolated bacteria to atrazine.
The results indicated that the most resistant
bacteria belonged to E. ludwigii F-N5 and D. tsuruha-
tensis F-N4 in both summer and autumn season.
Moreover no growth could be observed at the concen-
trations greater than 1 g/L. It can be concluded that
high concentrations of atrazine inhibits the growth of
bacteria. Khan et al. (2006) used the MIC test for atra-
zine resistant Bradyrhizobium sp. which its value
obtained 3200 pg/L [23]. Therefore, the tolerance rate
of this bacterium to atrazine was less than isolated bac-
teria in the current study. Bacteria have several mech-
anisms that allow them to be tolerant or resistant to
toxic compounds. Bacteria may utilize efflux pumps,
which remove toxic compounds from the cell [24].
Bacteria may alter surface receptor sites to block entry
into the cell or alter the chemical by mechanisms such
as methylation. Bacteria may also produce degrading
enzymes that metabolize the compound [25]. The lat-
ter mechanism is employed in atrazine degradation.

The results show with MIC increase, also increases
biodegradation rate. So that E. ludwigii F-N5 and
D. tsuruhatensis F-N4 have the most degradation rate
with the highest MIC. But S. marcescens has the least
degradation rate with the lowest MIC.

CONCLUSIONS

In this work, we have reported the isolation and
molecular identification of atrazine degrading bacteria
in the sediments of Karun River. According to
MIC tests and HPLC analysis, novel strains of E. lud-
wigii F-N5 and D. tsuruhatensis F-N4 are good
choices to apply for degradation and elimination of
atrazine in the environment.
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