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Abstract

Purification is though a cost implicative aspect in production and application of enzymes. Lipase, urease and peroxidase were
produced from strains of Pseudomonas isolated from a crude oil polluted soil using standard microbiology and biochemical
techniques. The stress responsive enzymes were produced through submerged fermentation technique. Crude extracts were
precipitated at physiologic pH show the crude extract precipitation of lipase with maximum protein precipitation at 70%
saturation of the ammonium salt, precipitation of the crude extracts of urease with maximum protein precipitation at 60%
saturationof the ammonium salt while precipitation of the crude extracts of peroxidase with maximum protein precipitation at
50% saturation of the ammonium salt. Crude protein of lipase was purified upto 2.32 folds after gel filtration (sephadex G-100)
with percentage yield of 2.00%.The specific activity of lipase increased from 211.81 to 490.55 U/m g after gel filtration. Crude
urease was purified up to 3.20 folds after gel filtration (sephadex G-100) with percentage yield of 2.30%. The specific activity
of urease increased from 170.56 to 546.88U/mg after gel filtration. Crude protein extract of peroxidase was purified upto 2.8
folds after gel filtration (sephadex G-100) with percentage yield of 2.20%. The specific activity of peroxidase increased from
215.38 to 602.20U/mg after gel filtration. lipase, urease and peroxidase activity showed optimum activity at pH of 6.0; 7.0 and
4.5 respectively while 50<C;60<C and 40<C were optimum activity of lipase, urease and peroxidase respectively. Michaelis-
menten constant (KM) and maximal velocity of catalysis (Vmax) of 0.32mM and 200 umol/min were obtained at different
concentrations of p-NPP for lipase; whereas KM of 0.370mM and velocity maximal of 197.27umol/min were obtainedat different
concentrations of standard urea for urease and Michaelis-Menten constant (Km)and maximal velocity(Vmax) of 3.45mM and
270umol/min were obtained at different concentrations of o-dianisidine hydrogen peroxide standard substrates for peroxidases.
The purification and kinetic properties of enzymes defines their much physiologic stability and efficient catalytic profile for wide
application.
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1. Introduction

Enzymatic properties of biocatalysts are imperative param-
eters to be considered in bioutilizations of catalysts. Purifica-
tion of enzymes from their sources is an important protein
chemistry technique used for separation of enzymes from their
crude mixtures respectively [1-10].

Enzymes are ubiquitous in existence and can be found in
plants, animals and microorganisms. There are several studies
on enzymes production from bacteria, fungi, yeast and the ac-
tinomyce strains [12, 39]. Microbial enzymes with its technol-
ogies boast of strong advantages to their corresponding
sources in terms of high doubling time of organisms, ease of
separation during downstream purifications and high yield of
the biocatalyst [14-18, 39].

Housekeeping enzymes, acyl hydrolyases, and nitrification
enzymes are examples of signaling protein responses in an
ecology known as stress marker proteins. Peroxidases are
widely dispersed in plants, animals, and microbes. They pro-
tect essential cells and organelles from the deadly effects of
oxidative stress, which leads to the death of the affected cells
or organelles due to the release of H,O, [20, 23, 24]. Lipases,
(triacyl glycerol acylhydrolases, E.C.3.1.1.3) are ubiquitous
enzymes of considerable physiological significance and in-
dustrial potential. They catalyze the hydrolysis of triacylglyc-
erols at oil-water interface [28] to release glycerol and free
fatty acids [3]. In contrast to esterases, lipases are activated
only when adsorbed to an oil-water interface [16, 30, 32, 38,

40] and on of hydrolyzed is solved substrates in the bulk fluid.
Ureases are in-situ inductive enzymes that acts on nitrogenous
matters present in organic matter with the release of ammonia
and as such sustains the nitrogen cycle of food chains [35].

Since lipases, peroxidases, ureases, and other enzymes are
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used in both factories and clinical and other biotechnological
bias institutes, purification is a costly part of their manufac-
turing and use. These take care of removal of numerous
isoforms of the enzyme so allowing only the required protein
to be examined and utilized [11, 20]. Upon doing this, it will
be of noteworthy that pure lipase will allow the application of
molecular technique to harness their potentials and improve-
ment of their activity.

2. Materials and Methods

2.1. Materials

Materials including those of equipments, apparatus and re-
agents utilized during the course of the present study were of
products of designated companies like BDh, Bristol, May and
Bakers; the equipments were calibrated at each use and in
good working condition. The reagents were analytical graded
and properly stored.

2.1.1. Soil Sample Collection

Soil samples were collected from petroleum drilling sites
located at Atali (Figure 1) (LONG.7°037,25°.2”
E;LAT.4°517,53°.03”N). Atali was known with illegal pipe-
line bunkering activities by oil hooligans. The samples were
collected as described by [22] from the stated areas at 6:00 am
in the morning using a spade. The collections were done at the
four perimeters of the marked soils with average of 9m apart
from each other.
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Figure 1. Map of Atali oil bunkering site in Rivers state, Nigeria.
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2.1.2. Microbial Isolation from the Polluted Soil

Microbial ecology of the polluted soil was determined ac-
cording to the method described by [21, 23-29]. From the iso-
lates, strains of the bacteria were identified using standard mi-
crobiology and biochemical techniques.

2.2. Methods

Enzyme Production

Submerged fermentation system was utilized for the en-
zyme production as described by [41]. The conical
flasks(250ml)were supplemented with nutrient media neces-
sary for protein production whereas optimized conditions for
peak production were employed during the fermentation pro-
cess. The whole-setups were sterilized at 121 <C/15 psi for 20
minutes using the electronic autoclave.

Determination of Enzyme Activity

Activity of peroxidase was monitored using o-dianisidine
and hydrogen peroxide at spectrophotometric wavelength of
460nm as described by [20].

Lipase activity was determined using the colorimetric
method as described [22] using p-nitrophenylpalmitate (p-
NPP) as the standard substrate.

Urease activity in the soil will be determined in the presence
of standard urea as described by [15].

Purification of the Enzyme Crude Extracts

Crude extracts of the enzymes will be precipitated using
different saturations of ammonium sulphates and thereafter
desalted against concentration gradients using dialysis bag as
described by [20]. The dialysate will be loaded on
tosephadexG100 packed column.

Protein concentration will be determined using [31] method
with BSA as the standard protein.

Characterization of Peroxidase and Urease Activity

Optimum pH and temperature of the enzymes will be deter-
mined at different pH (3.0-8.5) using 0.1m buffers (sodium
acetate, phosphates and tris-HCI salts) and water bath (30-
80<C) as described by [42]. The effect of substrate concentra-
tions on the activity of enzymes were determined by incubat-
ing the enzyme with 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8
and 0.9mM of O-dianisidine (peroxidase), and 0.1, 0.5,

1.0mg/lof urea (urease) solution. The Vmax and Ky, values of
the enzyme were determinedusing the double reciprocal plot
as described by [22].

2.3. Statistical Analysis

Data obtained are expressed as meanSD. Microsoft excel
software was employed for analysis of the enzyme s mean ac-
tivities.

3. Results

Microbial Isolation and Biochemical Characterization

Heterotrophic counts of the total viable cells and coliform
numbers of the bacteria and hydrocarbon utilizing bacteria as
shown in Table 1.

Pure colonies of Pseudomonas sp. were obtained using dif-
ferential nutrient culture medium from the polluted soil. From
the cultured plate, distinct colonies of the organisms were ob-
served with total heterotrophic number of 3.9x10°CFU/mI
(Figure 2).

e

Figure 2. Pure colony of strains of Pseudomonas sp. on nutrient me-
dia plate.

Table 1. Heterotrophic Counts (CFU/ml) of the bacteria.

Coliform counts ControlAtali

Total Viable Counts (10-?) 2.7X105 4.5x107

Total Coliform Counts (102 0.6x10% 1.2x103

Among the microbes isolated from the crude oil polluted soil,
bacteria kingdom was optimum in diversity. Total heterotrophic
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H-C Bacteria

2.65x10°

counts of 4.5 x 107 CFU/g bacteria on nutrient media plate and
that of 2.65x103CFU/g on differential media of BushNellHaas
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Agar of the bacteria isolate were identified on media plates re-
spectively plated from dilution factor of 10 folds.These find-
ing showed a relatively higher correlation with that of Corral et
al.(2006)on ecological relevance in whey surge polluted water.
They reported heterotrophic microbial population of
3.5x10°CFU/g bacteria on nutrient media plate and that of
2.0x103CFU/g on differential media of BushNellHaas Agar.
Basic morphological and biochemical screening were used
to identify the isolate as Pseudomonas. Basic morphological
features of the bacteria showed that strains of Pseudomonas
under an objective magnification of x40, showed clusters of
rod shaped, non-sporulating cream coloured non-motile bac-
teria cells in a lactophenol blue stained background bacteria;
biochemically, they are obligate gram-negative, non-starch
hydrolyzing, catalase (+), oxidase (+) and lactic acid forming
organisms with optimum growth at temperature of 25-40<C.
These findings corroborate with that of basic manual for or-
ganisms isolations and identifications written by Ezeonuet al.
(2013) was used to identify the pure isolates of Pseudomonas.

4. Protein Purification

4.1. Ammonium Sulphate Precipitations

Figure 1, Figure 2 and Figure 3 showed the precipitation
profile of the crude extracts of lipase, urease and peroxidase
from the solution using ammonium sulphate salt of various
percentages forming the precipitation profile. Crude extracts
were precipitated at physiologic pH of optimum production
Figure 1 show the crude extract precipitation of lipase with
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maximum protein precipitation at 70% saturation of the am-
monium salt, Figure 2 show the precipitation of the crude ex-
tracts of urease with maximum protein precipitation at 60%
saturation of the ammonium salt while Figure 3 show the pre-
cipitation of the crude extracts of peroxidase with maximum
protein precipitation at 50% saturation of the ammonium salt.

4.2. Gel Chromatography Purification of the
Protein

Figure 4, 5 and 6 show the gel chromatogram of lipase, ure-
ase and peroxidase using sephadex G-100 of bed height 75 and
column volume of 235.65cm?;from the figure, proteins eluted
from the column from fraction tube number14-22forlipase,10-
18 for urease and 11-19 for peroxidase.

4.3. Purification Table of the Protein

Crude protein of lipase was purified upto 2.32 folds after
gel filtration (sephadex G-100) with percentageyiel-
dof2.00%.The specific activity of lipase increased from
211.81 to0 490.55U/mg after gel filtration (Table 2). Crude pro-
tein urease was purified upto 3.20 folds after gel filtration (se-
phadex G-100) with percentage yield of 2.30%.The specific
activity of urease increased from 170.56 to 546.88U/mg after
gel filtration (Table 3). Crude protein extract of peroxidase
was purified upto2.8 folds after gel filtration (sephadexG-100)
with percentage yield of 2.20%. The specific activity of pe-
roxidase increased from 215.38 to 602.20U/mg after gel fil-
tration (Table 4).
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Figure 3. Ammonium sulphate precipitation profile of lipolytic enzyme from strain of Pseudomonas sp.
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Figure 4. Ammonium sulphate precipitation profile of crude extracts of Urease from strain of Pseudomonas sp.
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Figure 5. Ammonium sulphate precipitation profile of crude extracts of peroxidase from strain of Pseudomonas sp.
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Figure 6. Chromatogram of Lipase produced from strain of Pseudomonas on sephadex G-100.
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Figure 7. Chromatogram of Urease produced from strain of Pseudomonas on sephadex G-100.
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Figure 8. Chromatogram of Peroxidase produced from strain of Pseudomonas on sephadex G-100.

Table 2. PurificationTable of Lipase from strain of Pseudomonas.

Vol- Pro- Total Activi- Total activ-  Specificac-  Purifica-
ume(ml) tein(Mg)  protein  typmol/min  ityU/ml tivityU/mg  tion folds
1000 0.64 640 109.16 109160 170.56 1.00
250 0.401 100.25 81.49 20372.5 203.22 1.19
0.104 4.68 56.46 2540.7 546.88 3.20
Table 3. PurificationTable of Urease from Strain of Pseudomonas.
Vol- Pro- Total Activi- Total activi-  Specificac-  Purifica-
ume(ml) tein(Mg)  protein typmol/min  tyU/ml tivityU/mg  tion folds
1000 0.52 520 110.14 110140 211.81 1
200 0.398 79.6 86.49 17298 217.31 1.03
40 0.110 4.56 53.96 2098.4 490.55 2.32
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Table 4. Purification Table of Peroxidase from Strain of Pseudomonas.

Peroxidase Vol- Pro- Total Activi- Total activ-  Specificac-  Purifica- Percentage
ume(ml)  tein(Mg) protein typmol/min ity U/ml tivityU/mg  tion folds yield

Crude enzyme 1000 0.52 520 112 112000 215.38 1 100

Ammonium sul- 4 0.298 89.4 96.54 28962 323.41 1.50 25.85

phate precipitation

Gel filtration(G- 4 0.131 453 78.86 2365.80 602.00 2.80 2.11

100)

Precipitation profile of the crude extracts of lipase, urease
and peroxidase from the solution using ammonium sulphate
salt of various percentages forming the precipitation profile as
shown in figl-3.Crude extracts were precipitated at physio-
logic pH show the crude extract precipitation of lipase with
maximum protein precipitationat70% saturation of the ammo-
nium salt, precipitation of the crude extracts of urease with
maximum protein precipitation at 60% saturation of the am-
monium salt while precipitation of the crude extracts of pe-
roxidase with maximum protein precipitation at 50% satura-
tion of the ammonium salt. High salt saturations for precipita-
tion of lipase is attributed to the nature of the enzyme as hy-
drophilic protein and so require much of the ion effect con-
centrations of the differential salt for salting out from sur-
rounding liquid solution when compared to urease and perox-
idase which depicted precipitation at 60 and 50% saturations
of the precipitating salt [14].

Size exclusion chromatography was used for further purifi-
cation of the protein to various molecular sizes and weight
(fig4-6).This was done using sephadex G-100 packed into a
column of bed height 75cm and column volume of
235.65cm?3.During the process, large molecular weight protein
excludes first from the column through the inter-bead spaces
of the stationary phase (sephadex gel) while small molecular
weight protein exclude last from the column through the intra-
bead spaces.Elution was done with 0.1M of sodium phosphate
buffer of pH 6.0 at flow rate of 5ml/18min.

One distinct peak was seen from the chromatograms were
observed in the profiles of the enzymes: lipase and urease
while an adjourning peak was seen in the chromatogram of
peroxidase respectively; proteins eluted from the column from
fraction tubenumber 14-22forlipase,10-18forureaseand11-19
for peroxidase. As reported by Chilakaet al. (2002), they
stated that there appears to be a relationship between dialysis
of enzymes usually after ammonium sulpahte precipitation
and the presence of isoenzymes, they went further to state that
when dialysis is replaced by gel filtration in enzyme purifica-
tion, isoenzymes were lost out.

Crude protein of lipase was purified upto 2.32 folds after
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gel filtration (sephadexG-100) with percentage yield of 2.00%.
The specific activity of lipase increased from 211.81 to
490.55U/mg after gel filtration. Crude proteinureasewaspuri-
fiedupto3.20 folds after gel filtration (sephadex G-100) with
percentage yield of 2.30%.The specific activity of urease in-
creased from 170.56 to 546.88U/mg after gel filtration. Crude
protein extract of peroxidase was purified up to 2.8 folds after
gel filtration (sephadex G-100) with percentage yield of
2.20%. The specific activity of peroxidase increased from
215.38 to 602.20U/mg after gel filtration.

Multiple peaks of the enzyme activity could be attributed to
ionic scrambling encouraged by dialysis and this leads to for-
mation of aggregates within correct ionic bond pairs.

4.4. Characterization of the Enzymes Activity

4.4.1 Optimum pH Determination

Studies on the effect of pH on lipase, urease and peroxidase
activity showed optimum activity at pH of 6.0; 7.0 and 4.5
respectively (Figures 7, 8 and 9).

4.4.2 Optimum Temperature Determination

Studies on the effect of temperature on lipase, urease and
peroxidase activity showed optimum activity at 50C; 60T
and 40 <C respectively (Figures 10, 11 and 12).

4.4.3 Determination of Kinetic Constants (Kmand
Vmax)

Michaelis-menten constant (Kwv) and maximal velocity of
catalysis (Vmax) of 0.32mM and 200pmol/min were obtained
at different concentrations of p-NPP for lipase; whereas Ky of
0.370mM and velocitymaximalof197.27pmol/min were ob-
tained at different concentrations of standard urea for urease
and Michaelis-Menten constant (Km) and maximal velocity
(Vmax) of 3.45mM and 270pmol/min were obtained at differ-
ent concentrations of o-dianisidine hydrogen peroxide stand-
ard substrates for peroxidases.
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Figure 9. Effect of pH on Lipase produced from Strain of Pseudomonas.
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Figure 10. Effect of pH on Urease produced from Strain of Pseudomonas.
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Figure 11. Effect of pH on peroxidase produced from Strain of Pseudomonas.
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Figure 12. Effect of temperature on lipase produced from Strain of Pseudomonas.
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Figure 13. Effect of temperature on urease produced from Strain of Pseudomonas.
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Figure 14. Effect of temperature on peroxidase produced from Strain of Pseudomonas.
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Figure 15. Michaelis-mentenplotofinitialcatalyticactivityoflipasefromstrainofPseudomonas.
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Figure 16. Linear weaver-burke plots of Lipase activity produced from strain of Pseudomonas.
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Figure 17. Michaelis-menten plot of urease in corresponding urea [1Mm] from strains of Pseudomonas.
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5. Discussion

Studies on the effect of pH on lipase, urease and peroxidase
activity showed optimum activity at pH of 6.0;7.0 and 4.5 re-
spectively. [20] reported optimum pH of 8.0 forisolatedfrom-
bacteriastrainsisolatedfromalocalpalmoilprocessingsitewhile
[6] reported an optimum pH of 7.0 for lipase produced from
coconut seeds under different production conditions. [22] re-
ported optimum pH for peroxidase A produced from Asper-
gillus tamari was4.5.Peroxidase activity peaked at 50 <C while
[27] reported optimum activity of urease from seeds of P.
macrophyllaat pH8.0.

Temperature represents the heat (enthalpy change) content
of a chemical system. For most chemical reactions
(invivo/invtro), every 10<C rise in temperature results to dou-
ble increase of the process. Heat content of a system increases
the Kinetic energy of atoms and molecules of the system thus
resulting in an increase in the number of effective collisions
of the there in particles. Increase in catalysis by enzymes in a
biological system is mediated by effective collision between
an enzyme’s desired substrate(s) at its active site [39]. Effect
of temperature on lipase, urease and peroxidase activity
showed optimum activity at 50C; 60C and 40<C respec-
tively. [20] reported a moderate thermo-tolerant peroxidase of
peak activity at 70<C. Reports from [6] stated an optimum
temperature of 50<C for lipase produced from seeds of
Jatropha cucaswhile Marjanovic reported 55 <C forpeak activ-
ity of bacteria producing lipase. [32, 34] reported an optimum
temperature of 60<C for urease activity produced from thermo
tolerant Bacillus undergoing di- chroism in the presence of
5Mmercurychloride.

The single most important characteristics of an enzyme is
to accelerate the rate of reaction (catalysis) occurring in living
organisms; in the presence of a given amount of enzyme, the
rate of catalysis increases as the substrate concentration in-
creases until a limiting state is reached, after which further in-
crease in the substrate concentration produce no significant
rate in the rate of turn-over [36-38].

Michaelis-menten constant (Kyv) and maximal velocity of
catalysis (Vmax) 0f 0.32mMand 200pumol/min were obtained at
different concentrations of p-NPP for lipase; whereas Ky of
0.370mM and velocity maximal of 197.27umol/min were ob-
tained at different concentrations of standard urea for urease
and Michaelis-Menten constant (Km) and maximal veloc-
ity(Vmax)of 3.45mM and 270umol/min were obtained at dif-
ferent concentrations of o-dianisidine hydrogen peroxide
standard substrates for peroxidases. Substrate specificity de-
termination of lipase, urease and peroxidase from microbes
respectively showed that p-NPP, o-dianisidne/guacol and urea
gave better kinetic properties of the enzymes Kinetic constants
(Kmand Vmax) of lipase determined during the study showed
Km of 0.32.Knwhich is the substrate concentration at half the
maximum velocity during enzyme catalyzed reaction shows
the affinity of the enzyme to its available substrates [13]. It is
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shown that the higher the Km value for each enzyme catalyzed
reaction the lower the affinity of the enzyme to its available
substrate and vice-versa. [16, 24] reported Km and Vmax of
1.94mM and 255pmole/min respectively for lipase activity at
various concentration of p-NPP. Kinetic constants (K and
Vmax) Of peroxidase A and B determined during the study at
various concentrations of 2,6DMP showed Ky, of 3.45mM as
reported by [22].

6. Conclusion

Pure enzymes are scarce due to the cost implications asso-
ciated with the downstream processing of enzymes from their
crude solutions. Among the other assayed proteins (peroxi-
dase and urease), lipase is a multipurpose enzyme that has
found its way in many producing industries, including those
of food, clinical, and environmental-based research. The ef-
fective use of biocatalysts largely depends on their specific
activity quotients and purification folds clarity. The present
study has shown the purification properties of the enzyme
through: precipitation using ammonium sulphate, dialysis and
chromatographic techniques (ion exchange and gel filtra-
tions).There is an appreciable increase in the specific activity
of lipase per its protein concentration as the purification pro-
gresses with subtle loss in the yield of the enzyme. Stability of
the pure lipase is a promising adventure in utilization of the
biocatalyst for various endeavours.

7. Recommendations

For further studies, research path should be channeled to the
following areas:
1) Stability studies of the enzymes at respective pH and
temperatures.
2) Site directed mutagenesis of the proteins amino acyl res-
idues responsible for catalysis.

Abbreviations

mM Mili Mole

pumol/min Micro Mole Per Min
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Vmax Velocity Maximal

Acknowledgments

The authors appreciate the staff and management of Ap-
plied Biochemistry, NnamdiAzikiwe University Awka Anam-
bra stateforproviding the enabling laboratory where the anal-
ysis and further experimentations were carried out.


http://www.sciencepg.com/journal/jcebe

Journal of Chemical, Environmental and Biological Engineering

http://www.sciencepg.com/journal/jcebe

Author Contributions

Ezenwelu Chijioke Obinna: Conceptualization, Project
administration

AzubuikeUmeh Aninachukwu Chukwudi: Data curation,
Investigation, Resources, Writing — original draft

Udemezue Onyeka lIzuchukwu: Resources, Validation

Akwuaka Prisca Mary Chinasaram: Project administra-
tion, Validation

Oparaji Emeka Henry: Methodology, Supervision, Writ-
ing — review & editing

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] Abdel-Shafy H. and Mansour, M. (2018). Solid waste issue:
Sources, composition, disposal, recycling, and valorization.
Egyptian Journal of Petroleum, 27(4): 1275-1290.

[2] Abdullah, A., Salamatinia, B., Mootabadi, H. and Bhatia, S.
(2019). Current status and policies on biodiesel industry in Ma-
laysia as the world’s leading producer of palm oil. Energy Pol-
icy, 37(12): 5440-5448.

[3] Abolemonaen, M., Hatem, B. and Jeannette, B. (2011). Three
dimensional structure of Aradposis Thaliana lipase predicted
by homology modeling method. Evolutionary Bioinformatics,
7:99-105.

[4] Agency of Toxic Substances and Disease Registry (ATSDR)
(2010). Public Health Statements: Used mineral based crank-
case oil. ATSDR. Atlanta Georgia.

[5] Ajanaku, L. (2007). Battling with Darkness. TELL (Special
Edition). May 21, pp: 31-33.

[6] Ajiboye, O., Yakubu, F. and Adams, E. (2011).A Review of
Polycyclic Aromatic Hydrocarbons and Heavy Metal Contam-
ination of Fish from Fish Farms. Journal of Applied Sciences
and Environmental Management, 15(1): 235 — 238.

[7] Alobaidy, A., Abid, H. and Maulood B. (2010). Application of
water quality index for assessment of Dokan lake ecosystem,
Kurdistan region, Irag. Journal of Water Resources, 2: 792.

[8] Al-sayed, H., Mahasneh, A. and Al-Saad, J. (1994). Variations
of Trace Metal lons Concentrations in Sea Water and Pearl
Oyster Pinctada radiate Frombahrain (Arabian Gulf). Marine
pollution bulletin, 28: 370-374.

[9] Amin, N., Allobaidy, E. and Ahmad, T. (2015). Contamination
of soil with heavy metals from industrial effluent and their
translocation in green vegetables of Peshawar, Pakistan. RSC
Advance, 5: 14322-14329.

[10] Callot, H. and Ocampo, R. (2009). Wetland and water pollution.
Boston Collection on Environmental Affairs and Law Reviews,
23:885-919.

88

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Chen, Z., Ngo, H. and Guo, W. (2013). A critical review on the
end uses of recycled water. Critical Review on Environmental
Science and Technology, 43: 1446-1516.

Chijioke O Ezenwelu, Kingsley Agu, Rita O Ngwu, Joy Ogana,
Emeka H Oparaji.(2024). Studies on Kinetic Properties of As-
pergillus Producing Peroxidase from Petroleum Hydrocarbon
Spilled Soil. Rafidan Journal of Science, 33(1): 47-69.

EH Oparaji, CG Eze, PC Okwuenu, | Onosakponome, SOO Eze,
FC Chilaka. (2022). Purification and enzymatic properties of p-
galactosidase from L.bacillus acidophilus from dairy industrial
waste water. Journal of Enzyme Engineering, VVol. 1: 16-38.

Chukwu, M. and Adams, E. (2016). Effect of Generator (Ex-
haust) Fumes on the Growth and Development of Lycopersi-
cumesculentus (Tomato). Journal of Applied Environmental
Science and Management, 20(2): 335-340.

Douglas, D. and Bremner, E. (1971). A rapid method of evalu-
ating different compounds as inhibitors of urease activity in soil.
Soil Biology and Biochemistry, 3: 309-315.

Ejedegba O., Onyeneke, E. and Oviasogie, P. (2007). Character-
isation of lipase isolated from coconut seed under different nutri-
ent conditions. African Journal of Biotechnology, 6: 723-727.

EPA Method 8270D (2010) (SW-846) Semivolatile Organic
Compounds by Gas Chromatography/mass Spectrometry
(GCIMS), Revision 4.

Evanko, C. and Dzombak, A. (1997). "Remediation of Metals-
Contaminated Soils and Groundwater". Technology Evaluation
Report (Pittsburgh PA: Ground-water Remediation Technolo-
gies Center). TE 97-0-1.

Evanko, C. andDzombak, A. (2017). Remediation of Metals-
Contaminated Soils and Groundwater. Technology Evaluation
Report (Pittsburgh PA: Ground-water Remediation Technolo-
gies Center). TE 97-0-1.

Eze, S.0.0,, Chilaka, F.C., Nwanguma, B.C. (2012) Studies on
Thermodynamics and Kinetics of Thermo-Inactivation of
Some Quality-Related Enzymes in White Yam (Dioscore-
arotundata). Journal of Thermodynamic and Catalysis, 1: 104.

Ezemoye, N and Ezemoye E. (2005). Polychlorinated biphen-
yls (PCBs) levels and distributions in Ethiope and Benin Rivers
of the Niger Delta, Nigeria: surface water and sediment. Inter-
national Journal of Environmental Studies, 62(5): 491-504.

Ezenwelu, C., Aribodor, O., Ezeonyejiaku, C., Okafor, S. and
Oparaji, E.(2022). Assessment of physicochemical properties
and microbial loading index of soil samples from mgbuka mar-
ket, Anambra state. Journal of Environmental Pollution and
Management, 12: 134-176.

Ezeonu, M., Okafor, J. and Ogbonna, J. (2013).Laboratory Ex-
ercises in Microbiology. 1st Edn. Ephrata Publishing and Print-
ing Company, Nsukka. Pp 100-117.

Gertler, C., Gerdts, G., Timmis, K., Yakimov, M. and Golyshin,
P. (2009). Populations of heavy fuel oil-degrading marine mi-
crobial community in presence of sorbent materials. Journal of
Applied Microbiology, 107: 590-605.


http://www.sciencepg.com/journal/jcebe

Journal of Chemical, Environmental and Biological Engineering

http://www.sciencepg.com/journal/jcebe

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Haluk, E., Khawar. S.S., Julia. M., Tim. C., Ricardo, C. (2012).
Kinetic and thermodynamic characterization of the functional
properties of a hybrid versatile peroxidase using isothermal ti-
tration calorimetry: Insight into manganese peroxidase activa-
tion and lignin peroxidase inhibition. Biochimie, 94: 1221-
1231.

Harvey, J., Handley, K. and Taylor, P. (2017). "ldentification
of the Sources of Metal (Lead) Contamination in Drinking Wa-
ters in North-Eastern Tasmania Using Lead Isotopic Composi-
tions". Environmental Science and Pollution Research, 22:
12276-12288.

Karak T., Bhagat, R. and Bhattacharyya, P. (2012). Municipal
solid waste generation, composition, and management: The
world scenario. Critical Reviews in Environmental Science and
Technology. 42: 1509-1630.

Kiyouta, H., Higashi, E., Koitke, T and Oritani, T. (2011). Li-
pase catalysed preparation of both enantiomers of methyl
jasmonate tetrahedron. Asymmetry, 12: 1035-1038.

Ladero, M., Ruiz, G., Pessela, B., Vian, A., Santos, A. and Gar-
cia-Ochoa, F. (2006). Thermal and pH inactivation of an im-
mobilized thermostable B galactosidase from Thermus sp.
strain T2: Comparison to the free enzyme. Biochemical Engi-
neering Journal, 31: 14-24.

Lee, K. (2018). Earthworms. Their Ecology and Relationships
with Soils and Land Use; Academic Press: Orlando, FL, USA.

Lowry, O., Roseburg, N., Farr, A. and Randall, R. (1951). Pro-
tein measurement with Folin- Phenol reagents. Journal of Bio-
logical Chemistry, 93: 265-275.

Markou, G., Chatzipavlidis, I. and Georgakakis, D. (2016).
Cultivation of arthrospira (Spirulina) platensis in olive-oil mill
wastewater treated with sodium hypochlorite. Bioresources
Technology, 112: 234-241.

Miao, K., Cortazar, E., Bartolome, L. and Arrasate, S. (2001).
Distribution and bioaccumulation of PAHs in the UNESCO

89

[34]

[35]

(36]

[37]

(38]

(39]

[40]

[41]

[42]

protected natural reserve of Urdaibai, Bay of Biscay. Chemo-
sphere, 72(10): 1467-1474.

Morris, R. (1952). Determination of Iron in water in presence
of heavy metals. Analytical Chemistry, 24(8): 1376-1378.

Narodoslawsky, M. and Krotscheck, C. (2015). The sustainable
process index (SPI): Evaluating processes according to envi-
ronmental compatibility. Journal of Hazardous Materials. 41:
383-397.

Oparaji EH, Nweze EJ, Agho KU, Arinzechukwu EO, Anosike
JC and Arazu AV. (2017).

Estimations of Polycyclic Aliphatic Hydrocarbon and Total Pe-
troleum Hydrocarbon in Aquatic Faunas Found in Foccardos
Terminal River in Port Harcourt, Rivers State. Journal of Envi-
ronmental & Analytical Toxicology, 7: 6.

Nogale, B., Lanfranconi, M., Pina-Villalonga, J. and Bosch, R.
(2011). Anthropogenic Perturbation in Marine Microbial Com-
munities. FEMS microbial rev., 35: 275-298.

Nweke, C. andOkpokwasili, G., 2004. Effects of bioremedia-
tion treatments on bacterial populations of soil at different
depths. Nigeria Journal of Microbiology, 18: 363-372.

EH Oparaji, CG Eze, PC Okwuenu, I Onosakponome, SOO
Eze, and FC Chilaka (2022). Purification and Enzymatic Prop-
erties of B-galactosidase Produced from Lactobacillus acidoph-
ilus isolated from Dairy Waste-Water. Journal of Enzyme En-
gineering, 1, 16-38.

Predicpt, L., de Cassia Pereira e Silva, M., van Elsas J. and
Seldin, L. (2011). EPA Method 8270D (SW-846) Semivolatile
Organic Compounds by Gas Chromatography/mass Spectrom-
etry (GC/MS), Revision 4.

Shoemaker, G., Juers, D., Coombs, J., Matthews, B. and Craig,
D. (2013). Crystallization of B-galactosidase does not reduce
the range of activity of individual molecules. Biochemistry, 42:
1707-1710.


http://www.sciencepg.com/journal/jcebe

