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ABSTRACT

Background: Pseudomonas putida can efficiently degrade phenol. The aim of this study was to
determine the level of expression of the decomposition of the biological bacteria pseudo-foul
pseudomonas putida affected by pesticides. Methods: the study included the collection of 125
different soil samples from the soil surrounding the roots of different plants. Culturing and
biochemical tests, also diagnostic devices using the Vitek system for diagnosis of Pseudomonas
putida. genetic variation of genes responsible for biodegradation, polymerase chain reaction
(PCR) was used to detect DmpN gene for molecular diagnosis and RT-PCR for gene
expression. the results of the PCR showed that DmpN gene (199bp) exists in all P. putida.In
conclusion: the study showed the importance of Pseudomonas putida for biological
decomposition of phenol from the soil surrounding the roots of the plants.
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INRODUCTION

Since large amounts of phenolic compounds
are produced naturally, phenol is expected not
to show recalcitrant behavior in the
environment. More over rapid disappearance
of phenol added to environment samples has
been observed, although phenol degradation in
natural environment is not well documented
(29). The aerobic degradation of phenol has
been studied intensively. Many bacteria, fungi
and yeasts that are capable of metabolic
degradation of phenol or that can use it as sole
source of carbon and energy have been
isolated (4). The bacterial degradation of
phenol under aerobic conditions starts with
formation of catechol. The pathway of phenol
degradation has also been studied in
Pseudomonas sp. CF600, which also uses
metacleavage. The genes of phenol
degradation have been analyzed (3). The
metabolic pathway of the phenol-degrader
Pseudomonas putida BH by introducing the
catechol 2,3 oxygenase encoding gene (phe B),
isolated from the chromosome of P. putida
BH, as a recombinant plasmid (Pbh500), with
waste water that contained low concentration
of xenobiotic compound, P. putida BH
(Pbh500) could be used to accelerate phenol
degradation (25). Pseudomonas putida strains
have the catabolic potential to use many
alternative carbon sources in the diverse and
often inhospitable soil, rhizosphere and aquatic
systems in which they thrive (8). This
metabolic versatility is frequently expanded
through possession of plasmids or other
mobile DNA elements that encode auxiliary
pathways for the catabolism of toxic aromatic
compounds. However, not all carbon sources
are metabolically equivalent. Sophisticated
global carbon repression control (CRC)
networks have evolved to ensure that when
presented with a mixture of substrates, those
that provide the highest metabolic return are
preferentially and hierarchically consumed (7,
13, 26). The dimethylphenol dmp-system for
the catabolism of phenol and (methyl)phenols
has been extensively used to probe specific
and global regulatory networks that impact
assimilation of phenolic aromatic compounds
(27). The dmp-system is carried on the pV1150
IncP-2 mega-plasmid of P. putida CF600 and
is composed of the dmpR gene for the master
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regulator of the system and the Dmp enzymes
encoded within the closely linked but
divergently transcribed dmp-operon. The dmp-
operon encodes the entire suite of specialized
enzymes  for  the  dissimilation  of
(methyl)phenols to central metabolites. The
first six genes (dmpKLMNOP) are required for
production of a multicomponent phenol
hydroxylase for conversion of (methyl)phenols
to catechol or methyl-catechol, which are then
sequentially processed to pyruvate and acetyl-
CoA via the enzymes of a meta-cleavage
pathway encoded by the dmpQBCDEFGHI
genes (22,28)

MATERIALS AND METHODS

One hundred twenty five soil samples were
collected from the rhizosphere of plants
growing at different sites of lIraqi soil district
in Pomegranate and olive Orchards Near the
root (South Baghdad Al- Yusufiyah) during
the period from October 2016, till the of
June 2017. Fifteen  bacterial isolates were
obtained from soil samples; the 40 isolates
with the highest capacity for hydrocarbons
biodegradation phenol were selected. They
were cultured on nutrient agar and MacConkey
media and tested by gram stain and then
streaking on Modified mineral salt medium
with agar (MMSM-H) that colony on this
media considered as Pseudomans putida. The
isolates were cultured on Cetrimide agar as a
selective medium for P.putida ,along with the
other media namely ,Kings A and Kings B
agar. ldentification of P. putida isolates was
done by a number of biochemical and
cultural tests. P. putida was obtained to be
motile, producing pyocianin (a water- soluble
phenazing pigment on king A
medium).Growth at 41°C and no growth was
found at 4°C, oxidation of maltose and
mannitol, nitrate production, ornithine and
arginine decarboxylation, indolphenol
oxidation reaction and liquefaction of gelatin.
The VITEK 2 is an automated microbiology
system utilizing growth-based technology. It
was using the identification card for Gram
negative strains (ID-GNB).

Optimization conditions for biodegrading
Degradation of phenol was studied on a phenol
supplemented minimal salts medium (MSM)
containing: KH,PO,4, 2.25; KyHPQO, 2.25;
(NH4)2804, 1.0; MgC|2.6H20, 02, NaCI, 4:
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FeCI3.6H20, 0.02; CaCl2, 0.01 and phenol
0.1, in g/L; pH= 7. P. fluorescens and P. putida
were inoculated in a 250-ml flask containing
100 ml of MSM separately. The experimental
studies were conducted in shake flasks with
agitation at a rate of 150 rpm. Bacterial growth
was determined in terms of cell mass by
measuring optical density at a wavelength of
600 nm using a UV-1800 UV/VIS
Spectrophotometer. The phenol concentrations
in medium were determined by the UV
spectrophotometer at a wavelength of 272 nm
after incubation period.

RESULTES AND DISCCUATION

Molecular identification

Genomic DNA extraction: Genomic DNA
was extracted from P. puptida isolates by
using genome DNA purification kit (Disbio /
China ). Extraction genomic DNA from
isolates that was confirmed as bands by gel
electrophoresis on 0.8% agarose. DNA
concentration and purity were measured by
Nanodrop spectrophotometer, all the isolates
had DNA concentration between (70-150
ng/ul) Reverse transcription quantitative PCR
(RT-gPCR) is distinguished from other
methods for gene expression because of
accuracy, sensitivity and fast results. This
technology has established itself as the golden
standard for gene expression analysis. It is

important to realize that in a relative
quantification study, the experiments are
usually consequential in comparing the

expression level of a particular gene among
different samples . ( RT-gPCR) applied in
the present experiment utilizes the SYBR
green; a fluorescent dye which recognizes any
double stranded DNA including cDNA. The
amplification was recorded as Ct value (cycle
threshold). In terms of gene expression, high
Ct values indicate low gene expression and
low Ct value indicates a high gene expression.
The chief purpose of this step was to measure
the gene expression of the DmpN genes and
compare the gene expression in different
environmental factors in order to improve the
changeover conditions growth of bacteria
P.putida leads to change over of gene
expression. The extracted DNA of isolate also
used in the PCR reaction with DmpN gene
primers to prove the presence of this gene in
the other species of P. putida.
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Total RNA Extraction

The experiment of quantitative PCR reaction
was done by using 4 isolates of P. puptida
which  gave highest absorbability for
dimethylphenol producing. Total RNA was
successfully extracted from all samples. The
concentration of total RNA ranged from 80 to
120 ng/ ul ,and the purity of total RNA
samples ranged from (1.6 t01.9) A good yield
with a high concentration of total RNA
depends on the extraction conditions whereby
strict aseptic techniques must be used. The
utilization of Trizol in the Total RNA
extraction from bacteria is well recommended.
DNA reverse transcription

A common primer reaction was applied since
it was needed to have cDNA for the gene in
the study. The efficiency of CcDNA
concentration was assessed through the
efficiency of gPCR conducted later on All
steps were associated with perfect vyield
reflecting efficient reverse transcription.

Real time PCR quantification of DmpN
Expression

quantitative RT- PCR assay analyzed the
MRNA expression of DmpN genes by
comparing the bacterial growth with different
environmental factors by using the Ct values
of genes amplification were recorded from the
software of quantitative RT PCR. The
calculation of gene expression fold change was
made using relative quantification.This
depends on normalization of Ct values
calculating the ACt which is the difference
between the mean Ct values of replica of

DmpN cDNA.
Results
Table 1.Distribution of P. putida isolates in
soil samples
No. of No. of
Sample Sample P putida on
type MSMM
media
Soil sample 125 50
Table 1 shows the distribution of P. putida

isolates in soil samples which show from 125
samples the no. of p. putida that isolated in
MSMM media was 50 samples.
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Figure 2. show P. putida on king A agar
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Table 2. Distribution of P. putida isolates in MSMM media and Vitek2 test

Sample type No. of No. of No. of
Sample P putida in MSMM P putida in Vitek2
Soil sample 125 50(40%) 42(33.6%)
Table 2 shows the distribution of P. putida of P. putida by biochemical test (vitek2 )
which isolated from the soli and isolated then system which show that the no. of P. putida by
in MSMM media then more accurate diagnosis vitek2 system was 42 (33.6%).

Table 3. Effect of different incubation periods, Ph, Temperature and concertation on the
biodegradation of phenol

concertation  Control  Stday 2"day 3“day 4™day 5™day 6".day 7"day 8™day

3200 0.018 0.03 0.035  0.04 0.043 0.047  0.049 0.06 0.05

4000 0.018 0.036  0.039  0.043 0.045 0.05 0.053 0.055  0.057
4800 0.018 0.04 0.043  0.045 0.048 0.051  0.055 0.058  0.061
5600 0.018 0.047  0.05 0.054 0.058 0.063  0.069 0.078  0.078
Table 3 shows the effect of different by P. putida increases by increases
incubation periods, PH, temperature and concertation and incubation period, also by
concentration on the biodegradation of phenol increasing optical density.

which show that the biodegradation of phenol
Table 4. Biochemical test results for P.putida

Biochemical test Result
Motility +
Oxidase production +
Catalase production +

Lactose fermentation -

Gelatin Liquefaction -
Table 4 shows the biochemical test for P. positive. In the other hand lactose fermentation
putida which show that positive motility, and gelatin liquefaction was negative.
oxidase production positive, also catalase

Figure 3. Agarose gel electrophoresis of extracted DNA to check purity and integrity. Lane
1-10: DNA of different P.putida isolates, Lane C: Negative control. (70 VV/ 30 min.)
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Figure 4. Agarose gel electrophoresis of PCR amplification products of P. putida DmpN 199.
Lanes 2-7 : positive results, lanes: 1,8 ladder 1500 bp
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Figure 5 DmpN gene amplification plots by gPCR Samples included 48hr factor .Ct values
ranged from 13.10 to 13.75. The photograph was taken directly from Rotor-Gene gPCR
machine .
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Table 5. Fold of DmpN expression Depending on 2-*“*Method for Incubation period factor
according concentration

Groups concentration Means Ctof Means Ctof  2-ACt Fold of gene
pheU2 DCT expression
Zero time @) 9.27 -18.71 0 1.0
2400 9.23 -19.39 -0.67 1.6
3200 9.19 -19.00 -0.28 1.2
4000 9.24 -18.88 -017 11
3 Days @) 9.14 -19.44 0 1.0
2400 9.12 -19.59 -0.14 11
3200 9.18 -19.22 0.21 0.9
4000 9.17 -19.65 0.20 1.2
8Days O 9.40 -19.18 0 1.0
2400 9.31 -19.28 -0.10 11
3200 9.39 -19.76 0.41 0.7
4000 9.15 -19.16 0.01 1.0

Table 4, 5, 6 shows the expression DmpN
gene according to incubation period and
concentration which show  In incubation
period factor The mean Ct value of DmpN
cDNA amplification was (9.27) in the control.
The Ct values in 3 days hours was a mean
(9.19 ). While Ct values in 3 days was mean
((9.24), there was a significant difference in
the mean Ct values between the different
incubation period factor. Expression of the
DmpN gene was not equal in both 8days The
fold of gene expression of DmpN gene for the
four isolates in 48hr mean value(9,19), this
result was higher than the fold of DmpN gene
in 8 days with mean value (9.40). This is
important in reflecting the original mMRNAs
present in the samples. It is evident from these
results that the incubation period factor is
associated with the highest copy number of
MRNAs reflecting its higher expression. and it

is important evidence that DmpN gene
expression increases in 48hr. Microbial
metabolism is an important factor in

determining the magnitude and duration of
decomposition and concentrations of phenolic
allelochemicals in soils. In this study, we
isolated microbes that can effectively
decompose phenolics from soils Our results
reveal that soil conditions are important factors
for the growth and metabolism of microbes, as
well as for microbial decomposition of soil
phenolics. The growth and functions of the
isolates from soils are largely dependent on
medium conditions of pHs, temperatures and
metal ions.In a study show that the two strains
of Ps. putida 4CD1 and 4CD3 could not grow
at pH 440 and 340 conditions, which are
common in most acidified soils in our area;
while all three strains of Pseudomonas could
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not grow in soils contaminated with Co2+
(31). Degradation of toxic contaminants by
soil microbes has been studied extensively,
such as degradation of 2,4-dichlorophenol (5),
2,4-dichlorophen-oxyacetic acid (21), 2,4,6-
trichlorophenol (11), 2,4,6-trinitrotoluene (9),
atrazine (24),benzoxazolinone and
benzoxazinone  (10),  dichloro-diphenyl-
richloroethane (DDT, 1), naphthalene (32),
phenan-threne (31), polyhydroxyalkanoates
(17) and other compounds (14,30 , 19).The
three bacterial species identified as Ps.
putida,Ps. nitroreducens and R. glutinis are
common microbes inthe environments and
have been demonstrated to be effective
indecomposing and transforming toxic organic
compounds (,16, 6, 15, 12, 18 , 20 , 23).
Another study show Biodegradation of phenol
with pure culture of Pseudomonas putida was
investigated. P. putida (PTCC 1694) was
grown in facultative anaerobic condition at 27
degrees C and media pH value of 7. The effect
of initial phenol concentration on the
biodegradation rate was studied. The initial
concentrations of phenol varied from 300 to
1000 mg/l. Experiments were performed for
the duration of seven days while daily samples
were withdrawn. The initial rate of
biodegradation of phenol increased with initial
concentration of 300-500 mg/l. Further
increase in phenol concentration resulted in a
slight decrease in the rate of biodegradation
due to phenol inhibition. It was observed that
by increasing the concentration of phenol, the
lag phase was prolonged. Phenol is known to
be an inhibitory substrate, thus Monod,
Haldane and logistic kinetic models were
applied to evaluate the growth Kinetic
parameters. The Monod model was unable to
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present the growth parameters over the defined
concentration range. However, Haldane and
logistic models perfectly fitted with the
experimental data. The yield coefficients for
the growth on phenol at concentrations of 300,
500, 700 and 1000 mg/l were 0.177, 0.062,
0.035 and 0.012 mg/mg, respectively (2). In a
study Participation of Pseudomonas putida-
derived methyl phenol (dmp) operon and
DmpR protein in the biodegradation of phenol
or other harmful, organic, toxic pollutants was
investigated at a  molecular level.
Documentation documents that P. putida has
DmpR protein which positively regulates dmp
operon in the presence of inducers; like
phenols. From the operon, phenol hydroxylase
encoded by dmpN gene, participates in
degrading phenols after dmp operon is
expressed. For the purpose, the 3-D models of
the four domains from DmpR protein and of
the DNA sequences from the two Upstream
Activation Sequences (UAS) present at the

promoter region of the operon were
demonstrated using  discrete  molecular
modeling techniques. The best modeled
structures satisfying their stereo-chemical

properties were selected in each of the cases.
To stabilize the individual structures, energy
optimization was performed. In the presence
of inducers, probable interactions among
domains and then the two independent DNA
structures with the fourth domain were perused
by manifold molecular docking simulations.
The complex structures were made to be stable
by minimizing their overall energy.
Responsible amino acid residues, nucleotide
bases and binding patterns for the
biodegradation, were examined. In the
presence of the inducers, the biodegradation
process is initiated by the interaction of phe50
from the first protein domain with the
inducers. Only after the interaction of the last
domain with the DNA sequences individually,
the operon is expressed. This novel residue
level study is paramount for initiating
transcription in the operon; thereby leading to
expression of phenol hydroxylase followed by
phenol biodegradation. The dmp-system
encoded on the IncP-2 pVI150 plasmid of
Pseudomonas putida CF600 confers the ability
to assimilate (methyl)phenols. Regulation of
the dmp-genes is subject to sophisticated
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control, which includes global regulatory input
to subvert expression of the pathway in the
presence of preferred carbon sources.
Previously we have shown that in P. putida,
translational inhibition exerted by the carbon
repression control protein Crc operates hand-
in-hand with the RNA chaperon protein Hfq to
reduce translation of the DmpR regulator of
the Dmp-pathway. Here, we show that Crc and
Hfg co-target four additional sites to form
riboprotein complexes within the proximity of
the translational initiation sites of genes
encoding the first two steps of the Dmp-
pathway to mediate two-layered control in the
face of selection of preferred substrates.
Furthermore, we present evidence that Crc
plays a hitherto unsuspected role in
maintaining the pVI150 plasmid within a
bacterial population, which has implications
for (methyl)phenol degradation and a wide
variety of other physiological processes
encoded by the IncP-2 group of Pseudomonas-
specific mega-plasmids (21).

REFERENCES

1.Aislabie, J.M., N.K. Richards, and H.L.
Boul, 1997 Microbial degradation of DDT and
its residues — a review. New Zealand J Agric
Res 40, 269-282.

2.Bakhshi Z, G, Najafpour E, Kariminezhad
R,Pishgar N,Mousavi and T. Taghizade 2011.

Growth  kinetic  models  for  phenol
biodegradation in a batch culture of
Pseudomonas putida. Environ  Technol.

Dec;33(15-16):1835-41.

3.Celesia D, 1, Salzmann Porto EV, F, Walter
C, Weber R, Dufresne and S. Crelier 2017
Production of a recombinant catechol 2,3-
Dioxygenase for the degradation of
micropollutants.  Chimia  (Aarau).  Oct
25;71(10):734-738. doi: 10.2533/ chimia.
2017. 734.

4.Chakraborty S, T, Bhattacharya T. N, and
K. K. Patel 2010. Tiwari Biodegradation of
phenol by native microorganisms isolated
from coke processing wastewater. J Environ
Biol. May;31(3):293-6.

5.Chen, Y.S., Y.Y. Zhuang, and S.G. Dali,
1999 Isolation andcharacterization of bacteria
degrading 2, 4-dichlorophenol.Acta Scientiae
Circumstantiae 19, 28-32.

6.Delneri, D., G., Degrassi, R. Rizzo, and C.V.
Bruschi,.1995 Degradation of trans-ferulic and



Iragi Journal of Agricultural Sciences —2019:50(Special Issue):54- 63

Dhari & Hetite

p-coumaric acids byAcinetobacter
calcoaceticus DSM 586. Biochim Biophys
Actal244, 363-367.

7.Deutscher, J. 2008 The mechanisms of
carbon catabolite repression in bacteria. Curr
Opin Microbiol 11: 87-93.

8.Dos Santos, V.A., S., Heim, E.R., Moore,
M., Stratz, and K.N.Timmis, 2004. Insights
into the genomic basis of niche specificity of
Pseudomonas putida KT2440. Environ
Microbiol 6: 1264-1286.

9.Esteve-Nuez, A., A.L. Caballero, and J.L.
Ramos, 2001. Biological Degradation of 2,4,6-
Trinitrotoluene. Microbiol Mol Biol Rev 65,
335-352.

10.Fomsgaard, 1.S., A.G Mortensen, and
S.C.K. Carlsen, 2004 Microbial transformation
products of benzoxazolinone
andbenzoxazinone allelochemicals - a review.
Chemosphere 54,1025-1038.

11.Godoy, F., P., Zenteno, F., Cerda,
B.Gonzalez, and M. Martinez, 1999 Tolerance
to trichlorophenols in microorganismfrom
pristine and polluted zone of the Biobio river
(central Chile). Chemosphere 38, 655-662.
12.Gonzalez, G., G., Herrera, M.T. Garcia, and
M.Pena, (2001) Biodegradation of phenolic
industrial wastewater in a fluidized bed
bioreactor with  immobilized cells of
Pseudomonas putida. Bioresour Technol 80,
137-142.

13.Gorke, B., and J.Stulke, 2008 Carbon
catabolite repression in bacteria: many ways to
make the most out of nutrients. Nat Rev
Microbiol 6: 613-624.

14.Healy, J.B. and L.Y. Young, 1979
Anaerobic biodegradation of eleven aromatic
compounds to methane. Appl Environ
Microbiol 38, 84-89.

15.Heinaru, E. J, Truu, U. Stottmeister, and
Heinaru, 2000 Three types of phenol and p-
cresol catabolism in phenol- and A. p-cresol-
degrading bacteria isolated from river water
continuously  polluted  with phenolic
compounds.FEMS Microbiol Ecol 31, 195—
205.

16.Hinteregger, C. R. Leitner, M. Loid,
Fersch, and F. Streichshier, 1992 A.
Degradation of phenol and phenolic

compounds by Pseudomonas putida EKII.
Appl Microbiol Biotechnol 37, 252-259.
17.Jendrossek, D. R and Handrick,. 2002

62

Microbial degradation of
polyhydroxyalkanoates. Ann Rev Microbiol
56, 403-432.

18.Kwon, S.W. JS. Kim, I.C. Park, S.H.
Yoon, D.H. Park, C.K Lim. and S.J. Go, 2003
Pseudomonas koreensis sp. nov.,Pseudomonas
umsongensis sp. nov. and Pseudomonas
jinjuensis sp. nov., novel species from farm
soils in Korea. Int JSyst Evol Microbiol 53,
21-27.

19.Manickam, N., Ghosh, A., Jain, R.K. and S.
Mayilraj, 2008 Description of a novel indole-

oxidizing bacterium Pseudomonas
indoloxydans sp. nov., isolated from a
pesticide-contaminated  site.  Syst  Appl

Microbiol 31, 101-107.

20.Margesin, R., P. Bergauer, and S. Gander,
2004 Degradationof phenol and toxicity of
phenolic compounds: acomparison of cold-
tolerant Arthrobacter sp. and mesophilic
Pseudomonas putida. Extremophiles 8, 201-
207.

21.Michel, F.C. Jr, C.A Reddy, and L.J
Forney, 1995 Microbial degradation and
humification of the lawn care pesticide 2,4-
dichlorophenoxyacetic  acid  during the
composting of yard trimmings. Appl Environ
Microbiol 61, 2566-2571.

22.Powlowski, J., and V. Shingler, 1994
Genetics and  biochemistry of  phenol
degradation by Pseudomonas sp. CF600.
Biodegradation 5: 219-236.

23.Qualls, R.G. 2005 Biodegradability of
fractions of dissolvedorganic carbon leached
from decomposing leaf litter. Environ Sci
Technol 39, 1616-1622.

24.Radosevich, M. and O.H. Tuovinen, 2004
Microbial degradation of atrazine in soils,
sediments and surface waters. In pesticide
decontamination and detoxification (ACS
Symposium Series No. 863) eds Gan, J.J.,
Zhu, P.C., Aust, S.D.Mand Lemley, A.T. pp.
129-139 Washington, DC: AmericanChemical
Society.

25.Ray S, A and Banerjee. 2015 . Molecular
level biodegradation of phenol its derivatives
through dmp operon of Pseudomonas putida:
A bio-molecular modeling and docking
analysis. J Environ Sci (China). Oct 1;36:144-
51. doi: 10.1016/j.jes.2015.03.035. Epub 2015
Jul 14.



Iragi Journal of Agricultural Sciences —2019:50(Special Issue):54- 63

Dhari & Hetite

26.Rojo, F. 2010 Carbon catabolite repression
in  Pseudomonas: optimizing metabolic
versatility and interactions  with  the
environment. FEMS Microbiol Rev 34: 658—
684.

27.Shingler, V. 2003 Integrated regulation in
response to aromatic compounds: from signal
sensing to attractive behaviour. Environ
Microbiol 5: 1226-1241.

28.Shingler, V. 2011 Signal sensory systems
that impact c°*-dependent transcription. FEMS
Microbiol Rev 35: 425-440.

29.Singh U, NK, Arora and P. Sachan
Simultaneous 2018. Biodegradation of phenol
and cyanide present in coke-oven effluent
using immobilized Pseudomonas putida and
Pseudomonas stutzeri. Braz J Microbiol. 2018
Jan - Mar;49(1):38-44. doi:
10.1016/j.bjm.2016.12.013. Epub 2017 Sep 4.
30.Song, B. N.J Palleroni, and M.M.
Haggblom, 2000 Isolation and characterization
of diverse halobenzoate-degrading denitrifying

63

bacteria from soils and sediments.
Environ Microbiol 66 , 3446-3453.
31..Tao, X.-Q., G.-N Lu, D., Zhi Y. Chen,

Appl

and X.-Y. i, 2007 A phenanthrene-
degrading strain Sphingomonas  sp.
GY2Bisolated from contaminated soils.

Process Biochem 42,401-408.

32.Tuleva, B., N Christova, B Jordnov, B
Nikolova- Damyanov, and P Petrov,. 2005
Naphthalene degradation and biosurfactant
activity by Bacillus cereus 28BN. Z
Naturforsch 60, 577-582.

33.Wirebrand L, AWK Madhushani, Y, and V.
Irie Shingler 2018 and Multiple Hfg-Crc target
sites are required to impose catabolite
repression on (methyl)phenol metabolism in
Pseudomonas putida CF600. Environ
Microbiol. 2018 Jan;20(1):186-199. doi:
10.1111/1462-2920.13966. Epub 2017 Dec 1.
34. Zhang , Z.-Y., L.P. Pan and H.-H. Li.2016
Isolation, identification and characterization of
soil microbes which degrade phenolic
allelochemicals. Journal of  Applied
Microbiology ISSN 1364-5072.



