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Abstract: Phenol tolerant bacteria were isolated from sewage treatment site. Sixteen bacteria colonies were isolated
and tested in 100-500 mg/L of 2,4-Dichlorophenol (2,4-DCP). After screening, two isolates which showed high
phenol resistances were selected. Both isolates, XC, and N3 were able to tolerate 200 mg/L of 2,4-DCP but isolate
N3 tolerated 400 mg/L of 2,4-DCP. Isolate N3 was identified as Bacillus pasteurii while isolate XC was identified
as Aeromonas hyrophila.  Bacillus pasteurii was selected for further studies and was subjected to plasmid curing
experiment which confirmed that 2,4-DCP resistant trait was mediated by a single plasmid of approximately 22kb.
Amendment with organic nitrogen sources, to enhance the tolerance of 2,4-DCP by Bacillus pasteurii showed that
the maximum 2,4-DCP tolerance level of 300mg/L at an optical density(OD) of 0.35 which was 133% higher than
that obtained for control was achieved at 0.5mg/L of peptone. Similarly, a maximum 2.4-DCP tolerance level of
300mg/L a an GD of 0.24 which was 60% higher than that obtained for control was achieved at 0.5 mg/L of yeast
extract. A maximum 2,4-DCP tolerance level of 300mg/L at an optical density of 0.19 which was 26% higher than
that obtained for control was achieved at 0.5mg/L of tryptone. In all experiments, it was observed that the decrease
in inhibition capability of 2,4-DCP and the increase in the tolerance capacity of the strains are synonymous. Among
the nitrogen sources tested, peptone showed a significantly (P < 0.05, Student's t-Test) higher level of enhancement
of 2,4-DCP tolerance by Bacillus pasteurii.
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2, 4 DCP, using an immebilized commercial strain of £.
putida, by Response Surface Methodology (RSM)
experiments.

Since the biodegradation of chlorophenols is
highly dependent on many conditions, such as pH,
temperature, initial substrate concentration and others,
it is critical to evaluate the effects of the key
influencing  parameiers.  Optimization of  the
biodegradation conditions is a prerequisite to large-
scale applications of biodegradation processes (Basak et
al. 2013). Optimization techniques have been empioyed
to tackle impertant issues of contaminated site
management {Bhattacharya et al. 200%).In order to find
an effective method for treating these wastes, much
attention has been directed towards an understanding of
biogenic transformation of phenol, via ring-cleavage

.and dechlorination of chlorinated aromatic potlutants
(Gallizia er ai. 2003).

Plasmids are important in the overall
physiology and survival of many buacteria. They carry
genes that may be involved in virulence, degradation of
toxic compounds, and antibiotic and heavy metal
resistance, as well as their own transfer among species
ar even genera (Kunnimaiaiyaan and Vary, 2005},

The objective of the present study is to
evaluate the efficiency of supplementation of organic
nitrogen sources in the optimization the telerance of 2,
4 DCP by bacterial isolate Bacillus sp to achieve
prolific utilization of 2,4-DCP as carbon source.
Organic nitrogen scurces were added as supplementary
nutrients into medium to enhance 2,4-DCP utilization
and to elucidate whether the pesticide resistance trait is
plasmid-encoded or chromosomal. Thakur et al., (2002)
reporied the role of plasmids in pentachlophenol
utilization as sele carbon and energy source by
Psendomonas sp. but little or no study have reported the
role of plasmid in 2,4-DCP utilization as sole carbon
and energy source hy bacteria. The different types of
organic nitrogen sources were meant to elucidate which
of them would enhance more tolerance of 2,4-DCP by
the isolate.

Materials and methods
Collection and pretreatment of soil samples

Sail samples (about 20g) were collected from
the University of Nigeria sewage treatment plant site at

Nsukka as source of inoculum. In order to enrich for .

bacteriy, soils were air-drvied in the sup for 48 o 72
hours al 28°C to 45°C. The air-dried soils are sicved
through a 3mm screen to remove large aggregates,
particulate matters and un-decomposed residues.

Enrichment, screening and isolation of 2, 4-
dichlorephenol tolerant bacteria

The bacterial species were isolated by using an
enrichment medium known as the mineral salt medium
.(MSM) comprising {g/] distilled water): KsHPQ,, 0.65;
KH;PO, 0.17; (NHy %80, 0, FeSQ, 0.14;
MgS0,.7TH.O, 0.1: NaHPO, 7; CaCl,.2H;0, 0.1;

Trace elements solution containing: NaMo0.2H,0,
0.05 and ZnS0,. TH,0, 0.05.

One point five grams of the sun-dried soil was
added to a pre-sterilized flasks containing 50 ml of
enrichment cylture. medium supplemented with {00
mg/l. of  24-Dichlorophens!  [(dissolved  in
dimethylsulphooxide (DMSO) and added after
autoclaving the MSM]  as the sole carbon and energy
source. It was incubated at 120 pm at 30% in a
Gallenkamp orbital shaker (1H-460, England) for five
(5) days. Growth was observed by the monitoring the
turbidity of the flask. One milliliter of samples were
taken from the flusk and streaked repeatedly on solid
agar media containing the MSM and 15.0 g/ pure agar
supplemented with vyeast extract (0.02g) for the
isolation of discretc colonies. Enrichments were carried
out by tnoculating {00 ml Erlenmeyer flasks comtaining
50 ml of MSM with different concenirations of 2,4-
DCP (100-500 mg/L} after autoclaving.

Cullures were maintained on MSM containing
100-500 mg/L. of 2, 4-DDXCP. Inocula were prepared by
transferring loopfuls of colonies grown on agar plates
intolG0mi Erlenmeyer fiasks containing 50ml of the
MSM and 2,4-DCP. The flasks were again incubated on
orbital shaker at 30% at 120rpm. Coelonies were purified
by repeated sub culturing on fresh MSM agar plates
previously sterilized at 121°C for 15 min in an
autoclave. By this procedure, sixteen {16) different
distinct isclates were obtained.

Characterization of isolates :

Biochemical and microbiological
characterization of the bacterial colonies was carried
out according to Cowan and Steel's Manual for
Identification of Medical bacteria {Colman, 1993).
Individual colonies were characterized on the basis of
colony morphology (shape, size, texture and colour)
and gram staining. Streak plate method was used to
obtain single colonies, The isolated celony was streaked
on nutrient agar stants and incubated at 37°C for 24 h to
obtain optimum growlh. The  preliminary
characterization was based on colony morphology on
nutrient agar plates after 2 - 3 days at 32°C of
incubation. Out of the sixtecn isolates obtained, only
two which gave higher optical density (OD} reading
than others (using Spectronic 20D spectrophotometer
Cole-Parmer Instr. Comp., Vernon Hills, USA) were
selected for further study. They were identified using
conventional biochemical procedures as Aerontonas sp
and Bacillus sp

Effeet of supplementation of organic nitrogen
sources on 2.4-DCP tolerance by isolates

The influence of some organic nitrogen
sources namely; yeast extract. peptone and tryptone on
the toxicity of 24DCP to the isolates were studied.
Fifty milliliter volumes of MSM were dispensed into
eight 250mi Erlenmeyer flasks in triplicates. The same
amount of the nitrogen sources were incorporated
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{Img/L). Afier sterilizing in an autoclave at 121°C for
15minutes, different concentrations of 2, 4-DCP were
inocufated with the isolates and incubated with shaking
for 72 hours. At I2 hourly intervals, 5.0ml volumes
were withdrawn and assayed for OD at Agnm.). The pH
of the medium was maintained in the range of 6.8-7.0
using phosphate buffer comprising (g/L): K;HPO., 5.1
and KH,PQO; 2.9 and adjusted with 1N NaOH.

Plasmid DNA isolation

Plasmid DNA was isolated from Bacillus sp.
which had the peak OD value of 0.09 at highest 2,4-
DCP concentration of 350 mg/L.. Aeromionas sp had an
OD value of (.06 at the peak concentration of 200mg/L.
The protocol of Kado and Liu (19813, was used with
slight modifications. The isoiate was grown in a 3mli
. double strength nutrient broth for 24 hours at 37°C. The
overnight culture was spun at 4,500 x g for i0 minutes.
The supernatant was decanted, pellets vortexed at a
high speed for 5 minutes. Thereafter, 300ml of Tris-
EDTA (TE) buffer and 150 mi of 3.0M aqueous
Sodium acetate was added at pH 5.2 and vortexed for 5
min and a further 2 min in a micro centrifuge (Biofuge
sepatech Co. Lid, USA). The pellets were transferred
to a fresh tube, mixed welt with 0.9 mi of 90% ethanol
that was pre-cooled to -20°C.

It was centrifuged again for 2 minutes and
supernatant decanted. The pellet was rinsed twice with
Im] of 70% ethancl and was dried under vacuum for 3
min. Thereafter, it was re-suspended in 20 pl of TE
buffer and analysed by agarose gel eiectrophoresis
(AGE) on 08% (w/v) agarose gels stained with
ethidium bromide and visualized under UV light

Plasmid curing

Plasmid curing was performed to investigate if
the 2, 4-DCP resistance trait wuas plasmid or
chromosomally encoded. The isolate Buocillus was
subjected to plasmid curing at 40°C to check the loss of
2.4-DCP resistance {rait following Deb Mendal et al.,
(2003) with stight maodifications. The isolate was grown
in a 3ml nutrient broth for 24 hrs. The curing agent
incorporated into the medium wax 0.003mg/mi acridine
orange dye. The overnight culture was centrifuged at
4,300 x g for 10 minues. The supernatants decanted
and the cell pellets washed twice with 30wl TE buffer.
The washed cells were plated on MSM agar plates
containing  [00-200 mg/l. 2,4-DCP and nuatrient agar
plates containing 25 g/l of 2.4-DCP. Positive contral
conlaining only cells (without the curing agent) and
negalive control contuining oaly acridine orunge were
also tun and all tubes were incubated. Following the
spreading technique, equal volumes of invculum {Tom
different concentrations were spread on nutrient agar
plates in which growth and clear zones of hydrolysis of
culiure were observed.
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Statistical analysis . .

Both students T-test and correlation
coefficients(r), to evaluate the variance effects of all
treatments, were used to determine the level of
significant difference between different means and P <
0.05 was considered statistically significant.

Results and Discussion
Characterization of isolates

Out of the 16 isolates, two strains which
showed higher optical density (OD) values in the 24 to
48 hrs of incubation were selected for further studies.
Biochemical characterization of the isolates as shown in
Table 1 tentatively identified them as Bacillus sp and
Aeramonas sp respectively. When re-streaked on MSM
agar comtaining different concentrations of 2,4-DCP,
Bacillus showed a maximum 2 4-DCP tolerance of
350 mg/l. while Aeromonas showed its maximum
tolerance of 200 mg/L (Table 2). Therefore, strain
Bacillus  was  selected  for  further  studies.
Morphologically, Becilfus colonies were usually
circular and glossy.

Tablel. Growth and biochemical characteristics of
isolates obtained from UNN waste treatment site

Tests Reactions and

- appearance P

XC N3

Shape Rod rod
Motility + +
{raan stain - +
Spore - +
Growth tests
Glucose AG A
Maltose A A
Sucrose : A -
Lactose - -
Starch hydrolysis + -
Growth at 41°C - + -
Biochemical tests
Oxlase + +
Calalase : + +
Indale - . ) -
Oxidative O 0

Fermentation {(¢F) .
Cirate - T+
Methy red (MR) - -

Voges proskewr 4 +
(VP

Mitrale reduction - +
Marmnital + +*
Gulactose © o F -
Plasmid -

+

Organisms identified:
Aeromongas hvdrophita (XC), Bacitfus pusteurii (N3)
+ Positive reaction
- Negative reaction
A Acid production
(G Gas production
O Oxidative
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Table 2. Tolerance of bacterial isolates to concentrations of 2.4-DCP

Isolates Concentration of 2,4-DCP
(mg/L) -
50 100 150 200 250 300 350 400
Bacillus sp (A s20mn) 0.18 017 0.15 0.12 0.11 0.09 0.05 0.01
_Aeromonassp (Asonm) 01 009 008 006 O 0 0 0

Effect of amendment with 0.5mg/l. of organic
nitrogen sources on 2, 4-dichlorophenol tolerance
Figure 1 shows tolerance level of Bacillus sp and its
cured mutantto 2.4-DCP in MSM supplemented with
organic nitrogen sources. The wild strain supplemented
with peptone [MSAP(O)] tolerated up to 500 mg/L of
2.4-DCP; with an OD of 0.09. However, the growth
was prolific up to 300 mg/l. with an OD of (1.35,
showing high peaks in the presence of 200-300 mg/L.
Beyond 400mg/L, the chlorophenol started showing
inhibitory  effects.  Although its  cured  mutant
[MSAP(C)] tolerated up to 250 mg/l. of 2.4-DCP. with
an OD of 0.02, 300mg/L 2.4-DCP was inhibitory.

The wild strain  supplementied with  yeast
extract [MSAY(O)] wlerated up to 500 mg/L. of 2.4-
DCP; with an OD of 0.04, However, the growth was
prolific up to 300 mg/L. with an OD of 0.24, Beyond
400mg/L., the phenol showed inhibitory effects. Its
cured mutant [MSAY(C)] tolerated 2,4-DCP up t0 150
mg/L of 24-DCP, with an OD of 0.03, 200mg/L 24-
DCP was inhibliory.

The wild strain supplemented with tryptone
[MSAT(O)] tolerated up to 500 mg/L. of 2.4-DCP; with
an OD of 0.02. However, the growth was prolific up to
300 mg/l. with an OD of 0.19. Beyond 300mg/L., the
phenol showed inhibitory effects. Tts cured mutant
[MSAT(C)] 1olerated 2,4-DCP up to 150 mg/l. of 2.4-
DCP, with an OD of 0.01, 200mg/L. 24-DCP was
inhibitory.

Growth on 24-DCP provided as the sole
carbon source [MSA(O)] was studied in MSM. The B.
Pastenrii was found to show capability of utilizing 2.4-
DCP up 10 400 mg/l. in MSM (CD.0.04), with peak
growth at 300mg/l. (OD0.15). after an incubation for
24 howrs at 28°C. Tts cured mutant [MSd(C)] tolerated
2.4-DCP up o 100 mg/L of 24-DCP. with an OD of
0.01, bevond  100mg/l. 2.4-DCP  was inhibitory.
Among the mitrogen sources tested. peptone showed a
significantly  higher enhancement of  tlolerance o
Beaciitiiv 10 2.4-DCP (P < (L,05. Swdent’s t-Test) (OD
0.35 at 24-DCP concentration of 300me/L)  {Fig.l).
This suggests that the toxicity of 2.4-DCP 10 Bactlins
was reduced by supplementing the MSM with peptone.
This is consistent with the report of Kotresha and
Vidyasagar (2008) that the enhanced rate of phenol
degradation by peptone can be attributed 10 the
attenuation of phenol toxicity by peptone. and the
increase in cell mass formed as a result of the additional
nitrogen  source. However, increase in tryptone

concentration failed to significantly improve the rate of
2.4-DCP tolerance by the isolate.
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Fig. 1 Levzls of tolerance of Bacilius (O), its cured
mutant (C) o 2.4-DCP in MS Mamended with 2,4-
DCP; peptone (MSdAP), veast extract (MSAY) and
tryptone (MSAT).2.4-DCP only

(MSd ).

Plasmid profiles

Fig. 2 shows the electrophoretic profiles of the
isolated plasmid DNA from Bacillus. In the present
study, the cured strains, were unable (o tolerate 2.4-
DCP in MSM with or without nitrogen sources. beyond
2000 mg/l. as the growth of the cured mutants were
completely inhibited by 24-DCP at concentrations >
250 mg/L. A single plasmid of approximately 22 Kb
conferring phenol tolerance property was isolated from
the soil bacterium Bacilfus sp. This is consistent with
the findings of Thokur et al,.(2002) that two different
plasmids of moleculyr sizes 80 and 4 Kb, respectively,
obgined from Psewdomonas sp. were found 10 be
responsible for carrying genes for the utilization ol
pentachlophenol as sole carbon and energy source,

In this study, Bacillus sp tolerated 2.4-DCP up
to the concentration of 300 mg/L. in MS medium. The
strain showed o maximum optical density of 0,15 in MS
medinm without amendment with  organic  nitrogen
sources after 24 hours incubation at 28°C.
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Fig. 2. Agarose gel electrophoretic profiles of 1solated
plasmid DNA of Bacillus sp.

Lane 1:23 kb ladder, lane 2: Bacillus sp wane 3icured
Bacillus sp.

Conclusion

The present study showed the pepione-
enhanced tolerance and ultimately wtilization of  the
toxic 2. 4 DCP. up to 400 mg/l. as carbon and energy
sousce by wastewater isolate Baci/lus sp. The discovery
of bacteria capable of tolerating or growing in high
concenirations  of  phenol  provides a potentially
interesting avenue for treating phenolic wastes. The
tolerance of high concentrations of 2,4-DCP by the
Bacillus sp. was mediated by plasmid, of approximately
22 kb. Thus the results obtained from the present
investigation permits us to conclude that the pesticide
resistant Bacillies isolated in this study could be used as
potential  bioagent for bioremediation of 2,4-DCP
contaminated field soil, The potential of Bucillus as bio-
agent in cleanup of contaminated pesticide waste has
been brought o the fore in this study. Although
hiodegradation of chlophenolic pesticides cannot oceur
without first carrying out fests on the growth and
tolerance of the bio-agent on the pesticide as carried out
in this study, further studies need (0 be carried out 1o
confirm chloride release into the medium with time.
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