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Abstract: Two composite soil samples were obtained from Lagos state agricultural field at lkorodu
and Lagos State University (LASU) agricultural field, both fields having over 10 years history of
Atrazine application. The soil samples were obtained from 0 - 30cm depth with sterile soil auger. The
control soil samples with no previous history of Atrazine application were obtained from Badagry
beach at the same depth. Physico-chemical analysis of both composite soil samples (mean pH 4.93)
and composite water samples obtained from nearby freshwater stream (mean pH 4.55) at the same
depth were determined. Analysis of variance (ANOVA) showed there was significant relationship
among the parameter and across the locations the result was not significantly different at 0.05 level of
significance. Serial dilution technique was engaged to obtain indigenous microbial population while
bacterial atrazine - degraders were obtained using minimal salt medium supplemented with 3%
atrazine and fungal species with Sabouraud Dextrose agar (SDA) supplemented with atrazine at 5%
respectively. Biodegradation / Time-Course study revealed Atrazine concentration reduction using
Spectrophotometric analysis. DNA of some selected isolates were extracted and sequenced using 16S
rRNA and ITS methods. The genetic data of these isolates were submitted to the NCBI GeneBank
database. The selected Atrazine degraders identities were confirmed as follows; Pseudomonas
alcaligenes (MT355448.1), Bacillus mycoides (JX144699.1) and Aspergillus aculeatus (LC496490.1)
in the NCBI database.
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1. Introduction It has a melting point range from 173°C —
) ) 175°C. Its solubility in water is 33 mg/L at

Atrazine (2-chloro - 4-ethylamino - 6- 20°C and it dissolves easily in organic

isopropylamino-1,3,5-triazine) is one of solvents [4]. Atrazine is a halogenated

the widely used herbicides worldwide ?n aromatic compound with its dealkylated

the control of broadleaf weeds in and deaminated metabolites being very

sugarcane, sorghum, and maize plantations toxic, carcinogenic and having capacity to

[1, 2]. It has been reported to be persistent, disrupt the functioning of the endocrine

with a half-life of around 41-231 days, system, however, its mineralization by

high solubility as well as mobility in soils microbes in natural environment have been

with growing public health concerns, established [5,6].

particularly groundwater contamination. cl

Consequently, it has been detected in the )\

food chain, affecting biodiversity and N~ N

mammals [3]. Atrazine is a triazine /“\ /)\

herbicide and its molecular formula is CH,CH,NH N NHCH(CH,),

CsH14CINs, (Fig. 1). It is a white powdery

. Fig. 1: Chemical Structure of Atrazine [4].
substance, unstable at high temperature.
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Persistence of atrazine in soils and
subsurface  environment induces its
biodegradation by microorganisms. It has
been detected in surface and groundwater
at levels exceeding the Environmental
Protection limits. Consequently, its high-
water solubility, long residual time, and
being difficult to decompose, enhances its
capacity to contaminate groundwater easily
and inflict damage to the succession crops
as well as animals [7]. Researchers have
demonstrated that atrazine has toxic effects
on algae, aquatic plants, aquatic insects,
fishes and mammals [8].

Biodegradation is considered as the
foremost, safe, and effective
bioremediation process since
microorganisms have been found to
modify amino group on Atrazine, this
includes:  Aspergillus niger AN 400,
Achromobacter sp., Arthrobacter sp.,
Delftia sp., Pseudomonas sp.ZXY-1
[9,10]. The degradation pathway of
Atrazine has been studied at molecular
level; the first stage catalyzed by
hydrolytic enzyme encoded by genes atzA
and trzN, to hydrolyze and dechlorinate to

produce hydroxyatrazine; then,
hydroxyatrazine hydrolytic enzyme
(encoded by atzB) catalyzes

hydroxyatrazine to transfer to N-isopropyl
amide, which is thereafter hydrolyzed by
N-isopropylamide hydrolase (encoded by
atzC) to generate cyanuric acid [10]. In
addition, some  other intermediate
degradation products have also been
reportedwhich  include  2-hydroxyl-4-
ethylamino-6-isopropylamino-1,3,5-

triazine (HEIT), 2-hydroxyl-4,6-
bis(ethylamino)-1,3,5-triazine  (MEET),
and 4,6-bis(ethylamino)-1,3,5-triazin-
2(1H)-one (AEEO) [11]. The
incontrovertible evidence of atrazine
mineralization has been provided using gas
chromatographic  (GC) and  high-
performance  liquid  chromatography
(HPLC) tools, this also showed the
efficacy of co-culture method at

mineralizing atrazine over pure culture.
This is a new biostimulation strategy
which is also synergistic, this method
enhanced atrazine mineralization [12].
Atrazine degraders are diverse in soil and
the culture condition for the isolation of
bacterial atrazine-degrader consortium
often  determines the predominating
bacterial population among the consortium
[13].

The objectives of the current study were to
isolate  the  indigenous  microbial
consortium with the metabolic capability
to mineralize Atrazine in tropical
environment and characterize these isolates
with the molecular techniques to have their
specific identity.

2. Materials and methods

History of the sampled fields

Lagos state University agricultural field
The experiments were carried out at the
Lagos State University, (LASU) Nigeria.
The agricultural field was sandy/loam
comprising two hectares cultivated to
Cassava manihoti and two hectares to Zea
mays, the remaining being unarable land.
Atrazine application was repeated on the
field in October 2020 and soil samples
were collected from the field a month after
its introduction.

Imota farm settlement

This has been in existence since 1973 and
it spans up to ten (10) Hectares arable
crops were cultivated on this farm such as
cucumber, orange, carrot, cassava,
pumpkin leaves (ugwu), pawpaw, maize
e.t.c. “Mega Premestral”, a pre-emergence
herbicide was applied on the farm thrice
between June 1996 and January 1998.
Premestral contains  atrazine  and
metalachlor as the active ingredients which
were previously applied on the farm. The
herbicide “Atrazine” has been in use on the
farm since 1980.
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Sample collection.

Soil samples (recently treated with
atrazine) and water samples from nearby
stream were collected aseptically at 0-30
cm depth. Two core soil samples were
collected randomly with a sterile soil auger
(2.5 cm inner diameter) at O - 30 cm depth
from each plot (20 cm x 20 cm) from
Imota farm settlement, Lagos and LASU
Agricultural field. They were kept in black
polythene bags and air-dried for five days
before sieving with 0.02 mm mesh, after
which isolation of microbial consortium
suspected to be involved in degradation of
Atrazine commenced. Soil samples were
collected from Badagry beach with no
previous history of atrazine application for
control. Overall, six soil samples were
collected; ten grams of soil and 100ml of
composite water samples were taken into
seed envelopes from each of the composite
soil samples and sterile glass bottles
respectively, thereafter kept in a cool place
prior to the determination of their physico-
chemical properties. Water samples were
collected at 0-30cm depth with sterile
bottles from each of the nearby stream to
each of the farms and each made into
composite samples independently.

Chemicals

The different chemicals of analytical grade
used for this study include Atrazine
(Sigma-Aldrich Co. U.K.), Cycloheximide
(Sigma-Aldrich Co. U.K.), Nutrient agar
(Biotech.Lab. U.K.). Sabouraud Dextrose
agar (Biomark, India.), molecular biology
reagents (Zymo research chemicals,
US.A).

Sterilization of media and equipment

All glasswares were sterilized by dry heat
using hot-air oven at 170°C for 30 minutes
and microbial media used were sterilized
in the autoclave at 121°C.

Media preparation

Nutrient agar, Minimal salt agar and
Sabouraud Dextrose Agar (SDA) were
prepared following Manufacturer’s
instruction. All microbiological media
were sterilized at 121°C for 15 minutes
[14].

Minimal salt medium

The media was prepared by dissolving the
following: Agar 20g, KH:POs 2.7g,
NaoHPOs  2.8g, (NH4)2SO:  0.3g,
MgS04.7H20 0.5g, Ca (NO3), 0.1g and
0.26ml of trace element in 1000ml of
distilled water at pH 7.3. Then it was
supplemented with Atrazine at 0.03g/ml
concentration and autoclaved at 121°C for
15 mins [15,16] with modifications.

Enrichment cultures for Atrazine-
degraders

Selectively enriched cultures with the
ability to use Atrazine as carbon and
nitrogen energy source were obtained by
spiking a field with previous history of
atrazine application with the herbicide a
month before sample collection. The native
microbial consortium degrading atrazine
on the agricultural field were then isolated
using soil dilution technique [17] and
Nutrient agar (pH 7.3) supplemented with
atrazine at 0.03 g/L, incubation was at
28+2 °C for 12 days to isolate bacterial
consortium while Sabouraud dextrose agar
(SDA) supplemented with atrazine at 0.05
g/L was used to isolate native fungal
population, the plates were incubated at
ambient temperature (28+2°C) in the dark
to preclude photolysis reaction for 5 - 7
days. Cycloheximide (50 mg/L) was added
to media used for isolation of bacteria [18,
16]. The atrazine stock solution was
prepared in methanol (50 mg/ml) and was
shaken vigorously for several hours prior
to incorporation into the medium. The
atrazine stock solution was stored
unfiltered at room temperature in the dark.
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The controls were uninoculated plates
containing the media used.

Determination ~ of  physio-chemical
properties of soil and water samples.

The composite soil and water samples
obtained were taken to the laboratory for
proximate analysis to determine pH,
Nitrogen content, NOs", PO+, SO4Z, CI,
Hg**and NH4* [19, 20].

Extraction of soluble salts

Transfer 100g of soil into a 750ml reagent
bottle. Approximately, 500ml of distilled
water was added and was shaken in an
“Endover and shaker” for about one hour.
The resulting suspension was filtered
through a sinter filter. The first few
extracts were rejected, and the rest
collected for analysis. The soil extract was
then used to determine the nitrate,
phosphate, sulphate and ammonium ions in
samples and other components according
to Bareither et al. [20] and AOAC [21].

Atrazine-degraders assay

Several aseptic transfers of bacterial
isolates on Nutrient medium and Minimal
salt medium each supplemented with
atrazine at 0.05 g/L and 0.03 g/L
respectively were incubated at 28+2°C for
12 days to develop subcultures which
culminated in preparation of pure cultures
of each isolate [18]. Native fungal
population were assayed using SDA
supplemented with 0.05 g¢g/L of atrazine
several aseptic transfers of fungal mycelia
were done on this medium and the plates
were incubated at ambient temperature for
5 - 7 days. The controls were uninoculated
plates containing the media used [14,18].

Identification of fungal Atrazine-
degraders

SDA supplemented with Atrazine at 0.05
g/L for 5 - 7 days at ambient temperature
was used for preliminary isolation and
identification of fungal atrazine - degraders

[18]. Pure cultures of fungal isolates were
thereafter ~ subjected to  molecular
characterization.

Soil microcosm Atrazine degradation /
Time study

A biodegradation / time study was carried
out using spectrophotometer Surgifield
(Surgispec  SM-23D Spectrophotometer,
SURGIFIELD Medicals England) at
652nm to monitor changes in growth of
individual isolates inoculated into broth
cultures of minimal salt medium and
sabouraud dextrose agar supplemented
with Atrazine at 0.03g/L and 0.05 g/L
respectively [18, 22].

DNA extraction and amplification of the
ITS gene

DNA extraction

A measurement of 80mg (wet weight) of
fungal cell that had been re-suspended in
up to 200ul of deionized water to a ZR
BashingBead™ Lysis Tube was obtained.
It was secured in a bead beater fitted with a
2.0ml tube holder assembly (Scientific
Industries’ Disruptor Genie™ , Cat. No.
S6001-2 from Zymo Research Corp.) and
processed at maximum speed for 5
minutes. The ZR BashingBead™ Lysis
Tube was centrifuged in a micro-centrifuge
at >10,000 x g for Iminute. Up to 400ul
supernatant was transferred to a Zymo-
Spin™ IV Spin Filter (orange top) in a
Collection Tube and centrifuged at 7,000
rpm (7,000 x g) for 1 minute. The base of
the Zymo-Spin™ IV Spin Filter was
snapped off prior to use. 1,200ul of Fungal
DNA Binding Buffer was added to the
filtrate in the collection tube of step four.
Thereafter, 800ul of the mixture from step
five was transferred to a Zymo-Spin™ IIC
Column in a Collection Tube and
centrifuged at 10,000 x g for 1minute. The
flow through was discarded from the
Collection Tube and step six was repeated.
Then, 200ul DNA Per-Wash Buffer was
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added to the Zymo-Spin™ IIC Column in
a new Collection Tube and centrifuged at
10,000 x g for 1minute. Thereafter, 500l
Fungal DNA Wash Buffer was added to
the Zymo-Spin™ [IC Column and
centrifuged at 10,000 x g for 1 minute. The
Zymo-Spin™ [IC Column was transferred
to a clean 1.5ml micro-centrifuge tube and
100pul DNA Elution Buffer was added
directly to the column matrix. It was then
centrifuged at 10,000 x g for 30 seconds to
elute the DNA [23, 24].

The sequence information was analyzed
using NCBI Blast.

Sequencing

The extracted DNA was subjected to
amplification with a thermal cycler
(Helena Biosciences, Sunderland, United
Kingdom) and the primers listed in Table 3
were used. All the primers, synthesized by
Sigma Aldrich House, Suffolk, United
Kingdom, were used in four sets of PCR
procedures [25, 26, 24] as follows. The
first set of PCRs was standardized to
amplify ITSI by using primers ITS1 and
ITS2. The 25-pl reaction mixture
contained 100 pM  deoxynucleoside
triphosphates, 0.1 pM each primer, 1pl
PCR buffer with 2.0 mM MgCl, 2"l of
template DNA sample, and 1 U of Tag
polymerase  (Qiagen). The reaction
involved initial denaturation at 96°C for 10
min, followed by 30 cycles in series of
denaturation at 95°C for 1 min, annealing
at 60°C for 1 min, and extension at 72°C
for 1 min, with a final step of one cycle at
72°C for 10 min to final extension. The
second set of PCRs was done to amplify
ITSII with primer pair ITS3 and ITS4. The
reaction mixture and conditions were the
same as those used for the first set of
PCRs, with the exception that the
annealing temperature was 56°C. The third
set of PCRs was performed to amplify both
ITSI and ITSII along with the 5.8S rRNA
gene by using primer pair ITS1 and ITS4
(Table 1).

The reaction mixture was of the same
composition as described above. The first
cycle of initial denaturation was performed
at 95°C for 10 min, followed by 30 cycles
in series of 95°C for 1 min, 55°C for 1min,
and 72°C for 90 s, with a final cycle at
72°C for 10 min. The fourth and final set
of PCRs involved primers invSR1R and
LRI12R, specific for the IGS region along
with the 5S rRNA gene. The reaction
mixture contained all of the components at
the same concentrations described above,
except that MgCl, was used at 3.0 mM and
the condition for annealing was fixed at
55°C for 1 min and extension was at 72°C
for 150 s. For all the PCR protocols, a
reaction mixture without sample DNA was
used as a negative control and the products
were analyzed and stored as described
above. Single - strand conformation
polymorphism (SSCP) analysis; The
amplified products were denatured at 95°C
for 10 min and snap-cooled on ice before
they were mixed with denaturing buffer
(80% [wt/vol] deionized formamide, 10
mM EDTA [pH 8.0], 1 mg of xylene cynol
per ml, 1 mg of bromophenol blue per ml).
The samples were then electrophoresed on
a 5% acrylamide gel. The gels were then
silver stained and analyzed.

Similarity-dissimilarity analysis: SSCP
profiles were generated by using all of the
samples from the PCRs and the four sets of
primers (Table 1). Sequencing of PCR
products; to determine the complete
sequences of ITSI and ITSII, the amplified
products obtained with primer pair 1TS1
and ITS4 were sequenced with an ABI
Prism automated DNA sequencer (model
3100, version 3.0; Applied Biosystems,
Warrington, United Kingdom) with the
single primer ITS1. These sequences were
used to identify the fungi and bacteria with
the help of the BLASTn program
(www.ncbi.nlm.nih.gov/BLAST) [24 - 26].
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Data Analysis

In order to identify organisms, DNA
sequence data generated from this study
was blasted against 1TS/16S rRNA type
strain database on NCBI. Threshold for
identification was set according to [27]
with modification to accommodate species
with high congeneric sequence divergence
range. An isolate was assigned to species
level if the best matching reference species
showed > 90% homology and the next best
matching reference species showed at least
0.8% less sequence homology. A strain or
isolate was assigned to genus level when
there was 90% to 95% homology to the
best matching species, or when more than
one sequence entry of several species from
the same genus showed >90% homology.
For sequences with <90% homology to the
best match, an assessment of the
congeneric sequence divergence range was
carried out by blasting an arbitrarily
chosen reference sequence of a type
organism for the genus of interest against
the type organisms’ ITS/16S rRNA gene
sequence  database. @ The  sequence
divergence observed in this blast hits was
used to adjudge the congeneric sequence
divergence range and this range was used
to determine the plausibility of the

identification for sequences with <95%
homology to blast’s best match. Where
homology fell below 95% and without the
support of congeneric sequence divergence
value, Identification was considered
unsuccessful. Phylogeny was constructed
to support the identification by ITS
sequence using Fast Minimum Evolution
algorithm as deployed on NCBI and
visualized on MEGAL11 [28]. Counts of
species and genus were utilized as an
estimate of species and genus diversity
respectively. In the estimation of the
species diversity, unidentified isolates
were considered as different from the
identified species and therefore counted as
different species. In the estimation of the
genus diversity, as opposed to the
treatment in the estimation of species
diversity, unidentified isolates were
removed from the analysis. Other
descriptive and inferential statistics were
carried out on R using the follow R
packages: base [29], reshape2 [30], dplyr
[31], ggplot2 [32], ggpubr [33], qpcR [34],
knitr [35, 36, 37]. The data wrangling was
achieved using Reshape2 and dplyr;
inferential statistics were carried out on R
base; and data was visualized using
ggplot2, ggpubr, gpcR and knitr.

Table 1
Primers used for amplification
Primer Sequence (5'- 3') Direction Tma  Position Reference
(9]
ITS1 TCCGTAGGTGAACCTGCGG Forward 68.4  ITS Region 23
ITS2 GCTGCGTTCTTCATCGATGC Reverseb8.1 ITS Region 23
ITS3 GCATCGATGAAGAACGCAGC Forward 68.1  ITS Region 23
ITS4 TCCTCCGCTTATTGATATGC Reverse 61.5 ITS Region 23
LR12R GAACGCCTCTAAGTCAGAATCC Forward 62.9  IGS 22
Region
invSR1R ACTGGCAGAATCAACCAGGTA Reverse 63.4 IGS 22
Region

Source: [26].
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Results

The physio-chemical analysis of composite
soil and water samples from the two
agricultural fields revealed comparatively
that the soil samples were less acidic to
water samples (Table 2 and 3). Although,
Imota soil was more acidic (Mean pH 4.7 -
5.1) than that of LASU farm soil (Mean
pH 5.0) (Table 2). Phosphates (PO4>) ion
was relatively higher in LASU soil
(6.10mg/Kg) than that of Imota soil (4.9 -
5.50mg/Kg). Nitrate-nitrogen (NOs -N)
was higher in LASU soil(1.28mg/Kg) than
Imota soil (0.55- 0.97mg/Kg). Unusually
high concentration of CI"* and SO+ % ions

were detected in the composite soil
samples analysed from the two agricultural
fields. This observation might be due to the
impact of wastewater of manufacturing
plant in the vicinity of the two farms and
application of treated water in some
segments of the two farms (Table 2). The
degree of acidity of the freshwater stream
in the middle of the two farms impacted on
the farm soil. Generally, the nutrient level
of the composite water samples were low;
NOs-N (0.53-2.5mg/L), NH4-N(0.16 -
0.38mg/L),POs * (0.20- 0.22mg/L),
organic C(1.30 -1.45mg/L) (Table 2.1, 2.2
and 3.1, 3.2).

Table 2.1

Physico-chemical analysis of soil samples

Parameters Lasu farm soil (d) Imota farm Imota farm soil (c) Beach soil (e)
Soil (b)
NH4 —N (mg/kg) ND ND ND ND
pH 5.0 5.1 4.7 6.3
PO4% (mg/kg) 6.10 5.50 4.9 4.7
NOs-N (mg/kg) 1.28 0.97 0.55 0.33
S04% (mg/kg) 56.60 108.91 165.05 39.6
Cl - (mg/kg) 301.89 118.81 77.69 118.81
THC (mg/kg) ND ND ND ND
CEC meq 100g 2.53 2.40 2.58 3.2
K* 0.132 0.145 0.136 0.173
Mg 0.314 0.330 0.247 0.164
Ca? 1.313 0.517 0.338 0.519
Na* 0.375 0.198 0.1940 0.395
C (%) 1.45 1.33 1.44 1.31
Keys: ND = Not Determined
Table 2.2
Analysis of Variance with ND as 0
Tests of Between-Subjects Effects
Dependent Variable: Values
Type Il Sum of
Source Squares df Mean Square F Sig.
Location Hypothesis 1617.437 3 539.146 .508 679
Error 38177.797 36 1060.4942
Parameters Hypothesis 108368.652 12 9030.721 8.516 .0001
Error 38177.797 36 1060.4942

a. MS(Error)

Olusola Abayomi OJO-OMONI Y1, Adebowale Olakunle KUYE, Godwin Sewanu FASINU, Molecular characterization
of indigenous atrazine degraders from agricultural fields in Lagos, southwest Nigeria, Food and Environment Safety,

Volume XXIII, Issue 1 — 2024, pag. 17 — 32

23



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XXIII, Issue 1 — 2024

Table 3.1
Physico-chemical analysis of composite water samples
PARAMETERS IMOTA LASU
pH 4.3 4.8
Ca?* (mg/L) 36.0 30
Total Nitrogen (mg/L) 0.12 0.51
PO+* (mg/L) 0.22 0.20
NOs-N (mg/L) 0.53 2.5
NHs— N (mg/L) 0.16 0.38
S04% (mg/L) 5.0 4.3
Cl (mg/L) 20.0 10.2
THC (mg/L) ND ND
SALINITY (%) 0.45 0.48
CONDUCTIVITY (ms/cm) 0.12 0.11
TURBIDITY (FTU) 12 2.02
C (%) 1.30 1.45
CEC 2.40 2.45
Keys: FTU = Formalin turbidity units. ND = Not Determined.
Table 3.2
T- Test with ND as 0
T-Test Paired Differences
95% Confidence Interval
Std. Std. Error of the Difference
Mean Deviation Mean Lower Upper
Pairl Imota - 1.65714 3.90308 1.04314 -.59643 3.91071 1589 13 136
LASU

The analysis test for the significant
relationship between Imota and LASU
data, the result showed that the data from
the two locations are not significantly
different from each other since the p-value
of 0.136 is greater than significant value of
0.05.

Selection of
microorganisms
All the 24 isolates were tested on the
atrazine-supplemented minimal salt
medium, only 6 (12.5%) showed atrazine-
degradation potential. However, the best
three (one fungus, two bacteria) were
further selected for molecular
identification and microcosm
biodegradation experiment.

atrazine-degrading

Microcosm biodegradation / time course
study

The biodegradation experiment as at Day
3, there were significant differences in the
optical density obtained from the atrazine-
biodegradation experiment, with the
medium containing Pseudomonas
alcaligenes MT355448.1 having the
highest optical density (Table 5). At Day 5,
the least optical density (0.480 OD) was
recorded in medium containing Aspergillus
aculeatus LC496490.1 and this was
significantly different from the other two
biodegradation experiments. On Day 14,
the least optical density (0.469) was
recorded in medium containing Aspergillus
aculeatus LC 496490.1 and this was
significantly ~ different  from  other
experiments.
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Table 4
Molecular identity of test isolates using Basic Local Alignment Search Tool (BLAST)
Isolate code Scientific name Accession number % ldentity
NAW1 Pseudomonas alcaligenes MT355448.1 92.61
NAL1 Bacillus mycoides JX144699.1 94.45
SDAL1 Aspergillus aculeatus LC496490.1 98.51
Table 5

Residual atrazine concentration (OD) following biodegradation / Time course experiment.

Isolate Day
3 7 14
Pseudomonas  alcaligenes MT 0.275+0.00? 0.553+0.00? 0.514+0.00?
355448.1
Bacillus mycoides JX144699.1 0.265+0.00° 0.540+0.00° 0.488+0.00°
Aspergillus aculeatus LC496490.1  0.216+0.00¢ 0.480+0.00° 0.469+0.01°¢

Values are Means £ Standard deviation of duplicate observations. Means with different superscript down each
column are significantly different from each other at p<0.05 using the New Duncan Multiple Range test.

JN999889.1 Pseudomonas aeruginosa strain HNYM1 AY373357.1 Bacillus mycoides strain c2

0.0006

0.0

023
0.0009 MK368450.1 Pseudomonas sp. strain ZNW

JF768714.1 Bacillus sp. PKSWIII
0.0022
0.0015 MN911373.1 Pseudomonas aeruginosa strain 9 -
)0 MG780252.1 Bacillus paralicheniformis strain AB-T1L2

MZ819967.1 Pseudomonas aeruginosa strain AMB-CD

0.0065
0.0035
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Discussion

Generally, the soil and water samples used
in the current study were acidic, low in
organic Carbon (C) and Nitrogen (N)
nutrient, this was as a result of the repeated
annual cultivation of the land which is
common in sub-saharan Africa. However,
the adequate presence of cations and
anions for sustainable agricultural practice
were observable from both ecosystems
from which the samples were obtained. C
and N have been previously reported to be
important factors that influence, if not
regulate, the rate of mineralization of
Atrazine in soil and water [18, 22].
However, the Imota and LASU soils as
well as the nearby streams were relatively
low in C and N content, as well as being
acidic, this was unable to hinder the
biodegradation of the herbicide (Table 2 &
3). ANOVA carried out on the physico-
chemical parameter from the two locations
showed there was significant relationship
among the parameter since the p-value of

0.001 is less than 0.05 level of
significance.  Although, investigations
across the sampling locations showed that
the result from each of the locations was
not significantly different since the p-value
of 0.679 is greater than 0.05 level of
significance. T-test of independence
revealed that there was no significant
relationship in the two locations from
which water samples were obtained, hence,
the result of the two locations were not
significantly different from each other
since the p-value of 0.136 is greater than
0.05 level of significance (Table 2 & 3). It
is indicated that C/N ratio had no influence
on the activity of the microbial community
that degrades atrazine rather an important
factor is the availability of microbial
consortium with the metabolic capability
to utilize both the hydrocarbon and N
components present in Atrazine for growth
and biomass production [38, 39], this was
evident in the spectrophotometric study
(Table 5). There was strong evidence to
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support the fact that low N in the soil and
water ecosystems enhanced the
mineralization of Atrazine as C and N
energy source, hence the proliferation of
microbial atrazine degraders in both
ecosystems. This corroborated the findings
of Alvey & Crowley [16]. The acidic pH
of both the water and soil samples from the
tropical agricultural fields is suggestive of
the fact that the atrazine-degraders
encountered in the present study were
acidophiles. Although, previous studies
have reported atrazine — degraders from
alkaline pH environment [40]. Atrazine
degradation has been reported to be pH
and temperature dependent only at higher
atrazine concentrations [41, 42] and that no
additional sources of carbon and nitrogen
is required for microbial mineralization of
atrazine, this is a report from tropical
environment with similar temperature and
pH range [43, 44]. Comparatively, it thus
becomes incontrovertible from the current
discovery that atrazine degradation by
microbial community from tropical
environment is not pH dependent, rather
microbial community with metabolic
capacity to mineralize atrazine is diverse in
tropical soils. This is corroborated by the
report of Douglass et al. [13]. So many
bacterial species have shown high
efficiency of atrazine degradation with a
broad optimum pH and temperature ranges
and this capability has been found to be
enhanced by cooperating with other
microorganisms suggesting that microbial
consortium  has  demonstrated  huge
potential for remediation of atrazine-
contaminated environment [27, 45]. The
persistence and mobility of atrazine in the
soil were found to be very high, hence, it
has frequently been identified in surface
and groundwater at concentrations well
over the reasonable limits and hence
considered as a potential environmental
contaminant and absolutely considered as
most noticeable groundwater contaminant
[46,47, 8]. The presence of metal ions as

well as physico-chemical properties and
soil - type are principal contributory
factors that enhanced rate of degradation of
atrazine in agricultural fields, this has
played out in the current study, and it is in
alignment with the findings of Chen et al.
[48].

In this study, a number of microorganisms
were discovered to grow on the atrazine
contaminated soil and water, this was
visible by their growth on atrazine-
supplemented minimal salt medium and
sabouraud dextrose medium, hence,
showed their ability to utilize atrazine as a
source of C and N energy in this process,
some microbes metabolize atrazine and
convert it to cyanuric acid [49, 42], while
others cleave the s-triazine ring and
thereafter mineralize it [50]. This
observation corroborated other reports of
Pseudomonas sp. [51, 52], Arthrobacter
sp. [52], Citrococcus sp.  [53],
Rhodococcus sp. [41], Pleurotus ostreatus
INQS 40310 [5] being atrazine- degraders.
Paenarthrobacter ureafaciens ZY has a
unique degradation efficiency of 12.5mgL"
1 in liquid media (at pH 7, 30 °C and
atrazine concentration of 100mgL™). This
novel organism was found to exhibit
synergistic  relationship ~ with  other
indigenous atrazine-degraders at optimal
pH range (5.0 - 11.0) and temperature
range (20°C to 40°C) for atrazine
degradation [42]. The current study has
affirmed that atrazine is biodegraded both
in soil and water by microorganisms, this
is corroborated by the findings of Arar et
al. [53] that quantitative PCR analysis and
Gas chromatographic analysis attest to the
fact that atrazine is biodegraded in
groundwater and soil. The significance of
the current study is that the atrazine
degraders were natives and acidophiles
from tropical environment with mean
temperature range of 25°C to 35°C. This
suggested that atrazine degradation in the
tropical environment was not pH
dependent rather microbial consortium
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with metabolic capacity for atrazine
utilization for growth and biomass
production  were diverse in  the
environment.

Particularly in this study, three isolates
showed great potential in atrazine
degradation as they utilized the atrazine as
a source of nitrogen and carbon energy.
These isolates identified as Pseudomonas
alcaligenes MT355448.1, Bacillus
mycoides JX144699.1 and Aspergillus
aculeatus LC496490.1 (Table 4). This
study corroborated the findings of Martins
et al. [54], that Pseudomonas alcaligenes
exhibited the fastest growth on culture
medium  supplemented  with  high
concentration of atrazine. The isolation of
Bacillus mycoides also corroborated the
study by Ayansina & Oso [55] in which
several species of Bacillus spp. (Fig. 3)
were isolated on different atrazine-treated
soils, while the characterization and
identification of a novel isolate Aspergillus
aculeatus further substantiate the
incontrovertible  evidence of fungal
participation in the consortium that
degrades Atrazine in natural environment.
Furthermore, Sebiomo et al. [56] isolated
twelve Bacillus spp. including Bacillus
licheniformis, Bacillus subtilis, e.t.c., based
on biochemical characterization which this
study also identified by the same method.
However,  molecular  characterization
identified these isolates as Bacillus
mycoides, hence highlighting the great
potential of this species of bacteria in
atrazine degradation as well as the
reliability and precision of molecular
methods for characterization of microbial
isolates. The efficacy of the metabolic
capabilities of bacterial species at
mineralizing atrazine in aquatic
environment and wastewater at three
elevated concentrations was investigated
with the incontrovertible evidence of gas
chromatography.

The outcome was reported and bacterial
species were found to be efficient at clean-
up of atrazine-contaminated environment
particularly the bacterial strain Bacillus
paramycoides [57], which has gene
sequence almost as that of Bacillus
mycoides isolated in this study.

In the present study, there was significant
increase in the optical density of the
enrichment media, thus indicating active
growth or utilization of the substrate,
atrazine. Several studies have reported
these isolates as active atrazine degraders;
according to a study by Ojo [51],
Pseudomonas sp. (Fig. 2) isolated from an
atrazine-contaminated tropical soil in
Southwest Nigeria showed significant
atrazine-degrading ability, indicated by
increase in the optical density from the
start of the biodegradation experiment till
the 15" day. In a farmland in ljebu-Ode,
southwest Nigeria deliberately treated with
atrazine, Sebiomo et al. [56] reported
active degradation of atrazine by several
fungal species including Aspergillus sp.
(Fig. 4) and Fusarium sp. up to 71.8%.

It is worth note that the optical density of
the media increased till the 7" day until
when a decrease set in on the 14" day of
the experiment and this suggested
exhaustion of required nutrients, hence the
microbes declined in growth (Table 5).
This observation is similar to observations
by Sebiomo et al. [56], in which there was
a significant decline in the optical density
of the biodegradation medium after the
20" hour of experiment. The specificity
and reliability of molecular methods for
identification of microbial isolates and the
fact that atrazine is biodegradable in
tropical environment was affirmed.

4. Conclusion

This study has shown that repeated
application of atrazine as herbicides on
agricultural soils makes it to become
persistent in the environment and native
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microbial population get acclimatized to
the xenobiotic compound while
simultaneously activating atrazine —
metabolizing genes. However, the previous
believe that atrazine is a non-
biodegradable xenobiotic compound has

been quashed since different
microorganisms such as Pseudomonas
alcaligenes MT355448.1, Bacillus

mycoides JX144699.1 and Aspergillus
aculeatus LC496490.1 isolated in this
study have great potential to mineralize
atrazine, hence are candidates for
integration into reclamation of atrazine-
polluted environment. These microbes are
cheap natural resource that enhance
sustainable development as well as being
cost-effective  means of remediating
polluted natural environment and they are
environment - friendly.
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