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Abstract: Lignin, and its by-products in the effluent of most agrochemical-based industries like pulp and paper,
increase environmental pollution. There is, therefore, an increasing demand to degrade lignin and its
derivatives using bacteria-produced ligninolytic enzymes. This study focused on optimizing growth and lignin
peroxidase production of ligninolytic potential bacterial strains (E. coli accession no: LR0250096.1 and P.
aeruginosa accession no: CP031449.2) for the first time. A submerged fermentation process was used to
simultaneously optimize growth and crude lignin peroxidase production using kraft lignin as the substrate.
The E. coli and P. aeruginosa were separately cultured under different pH, temperature, and lignin (substrate)
concentration. It was observed that the enzyme production was growth dependent. The optimum conditions
for E. coli were pH 7.5, temperature 30 °C and lignin concentration 1 g/L. For P. aeruginosa the best conditions
were pH 6.5, temperature 40 °C and lignin concentration 1 g/L. The enzyme production peaked after 7 days of
incubation for both organisms were 21.53 + 3.11 mg/ml and 18.13 + 2.1 mg/ml respectively. It is apparent that
both E. coli (LR0250096.1) and P. aeruginosa (CP031449.2) are mesophiles bacteria. E. coli function best in alkaline
pH while P. aeruginosa prefers a slightly acidic environment. Hence, they are promising candidates in the
reduction of lignocellulosic wastes.
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1. Introduction

Lignocellulosic wastes continue to pose environmental pollution problems in the agriculturally
based ecosystems [1]. The management of such waste, includes burning, adds to the environmental
pollution. Despite the efficacy of the currently used pre-treatments methods, their limitations raise
the search for a new strategy with an improved efficacy and safety outline [2]. Lignocellulosic
materials are composed of cellulose, hemicellulose, and lignin. Cellulose and hemicellulose are
known to have sugar polymers, which are important in most industries as raw materials in producing
commercial goods [3]. But lignin is found to be a hindrance during conversion of lignocellulose
materials, since it is an intricate compound that is hard to degrade and causes serious problems to
the environment [4].

Lignin peroxidase, an oxidoreductase enzyme has recently attracted attention based on their
high redox potential to oxidized compounds with resistance to degradation [5]. These characteristics
have motivated the use of lignin peroxidase in various textiles and pharmaceutical industry [6-10].
However, the application of lignin peroxidase for industrial use are hampered by high cost of
production and poor yield [11].

Bacteria are classified as “workhorse industrial microorganism” based on their enzymes
production capability, safety, and exponential growth rate [12]. Moreover, various bacterium has
been reported in production of extracellular enzymes [13-15]. Previously, some bacteria strains have
been reported in the production of pectinolytic and cellulolytic enzyme [16-18]. Bacterial strains
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(including Streptomyces viridosporus, strains of Nocardia and Pseudomonas and Raoultella ornithinolytica
and Ensifer adhaerens) capable of producing lignin modifying enzymes like Lignin Peroxidase, do
have the potential to be exploited in the degradation of lignin [19-21]. In our laboratory, six bacterial
strains [P. aeruginosa (MF144461.1), E. coli (LR025096.1), P. aeruginosa (KR136350.1), P. aeruginosa
(CP031449.2), E. xiangfangensis (MH304301.1) and E. kobei (CP032897.1)], exhibiting the potential of
producing ligninolytic enzymes (lignin peroxidase) and degrading kraft lignin, have been isolated
and characterized [22]. However, low enzyme yield produced by the bacteria culture is a limitation
for its application and commercialization.

Previous studies have shown that culture conditions can enhance various enzyme production
[23] The growth and enzyme production efficiency of an organism is contingent to the components,
incubation temperature, incubation time and pH of the production medium [9]. Recently, research
have been geared toward optimization of the culture of some microorganism in other to promote the
production of ligninolytic enzymes, including lignin peroxidase [24]. Nonetheless, there is still
paucity of successful large-scale production of lignin peroxidase from bacterial strain [25]. Hence,
this study is aimed at determining the culture condition including pH, temperature and
concentration to optimize the production of lignin peroxidase by Escherichia coli LR0250096.1 and
Pseudomonas aeruginosa CP031449.2. The results of such a study could be essential in the industrial
application of the bacteria as an alternative approach to the reduction of lignocellulosic wastes.

2. Materials and Methods

2.1. Chemicals

The chemicals and reagents in this study were of analytical grades, unless otherwise stated.
Nutrient both, MSM-L-glucose, nutrient agar, and salts were purchased from Merck, Darmstadt,
Germany. The kraft lignin and Citrate phosphate buffer were supplied by Sigma Aldrich. St Louis,
MO, USA. Bacteriological agar was bought from Lasec (SA).

2.2. Sample collections

The sample (soil, sawdust, and cow dung) were collected from Richard Bay, Kwazulu-Natal
Province, South Africa (GPS coordinates; LA:-28.936164 and LO: 31.763771). The samples were stored
in sterile container at 4 °C until required for use. Ethical clearance (UZREC 171110-030 PGM 2018/575)
was obtained from Research Committee, University of Zululand for the use of bacteria for research
purpose.

2.3. Bacteria isolation

The bacteria were isolated from collected samples using the method of Sasikumar et al. [26],
describe in detail elsewhere [22]. Briefly, 1 g/L Kraft lignin was added to the minimal salts medium
(MSM) with 5 g/L NH4NOs, 0.1 g/L yeast extract, 4.55 g/ K2HPOs, 0, 0.5 g/L MgSOs4 and 5.3 g/L
KH2POsto produce MSM-L broth. The mixture was autoclaved for 15 minutes at 121 °C. Afterward,
enrichment culture was made by adding 5 g of each sample respectively to 95 mL MSM-L broth in a
250 mL Erlenmeyer flask. The enriched culture was incubated in an orbital shaker (30 °C, 140 rpm,
168 hr). The enriched sample (1 mL) was mixed with sterilized NaCl (9 mL ,0.9%) at 25 °C. Nystatin
(50 mg/L) was added to MSM-L agar plate to prevent fungal development. The agar plates were then
incubated for 168 hr at 30 °C. The cultures were purified using streaking procedure, obtained single
colonies were kept in glycerol (20%) at -80 °C until required.

2.4. Identification of isolated bacterium using 165 rDNA

The confirmation of isolated bacterial have been described in detail our previous study [22]
using PCR by amplifying the 165 rDNA and analyzing the sequenced products through BLAST
Search (NCBI). Briefly, genomic DNA of the isolates was extracted from the cultures using the quick-
DNA™ Fugal/Bacterial Miniprep Kit (Zymo Research, Catalogue No. D6005). The extracted
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fragments were sequenced in the forward and reverse direction (Nimagen, BrilliantDye™Terminator
Cycle Sequencing Kit V3.1, BRD3-1000) and purified (Zymo Research, ZR-96 DNA Sequencing Clean-
up Kit™, Catalogue No. D4050). The purified fragments were then analysed using ABI 3500xI Genetic
Analyzer. GLC Bio Main Workbench v7.6 was used to analyse the abl files generated by the ABI
3500XL Genetic Analyzer and the results were obtained by a BLAST search (NCBI).

The identified bacteria in our previous study were Escherichia coli LR0250096.1, Pseudomonas
aeruginosa CP031449.2, Pseudomonas aeruginosa KR136350.1, Enterobacter xiangfangensis
MH304301.1, Enterobacter kobei CP032897.1 and Pseudomonas aeruginosa KT799669.1 [22].

2.6. Optimization of physical parameters for enzyme production

Lignin peroxidase production by the isolates was optimized by adjusting various culture
parameters including pH, temperature and concentration using the modified method described by
[27].

2.6.1. Optimization of the culture pH

Escherichia coli LR0250096.1, Pseudomonas aeruginosa CP031449.2 and the other microbial colonies,
indicative of lignin degradation, were selected for the optimization of growth and enzyme
production. Cultures were activated in nutrient broth and incubated at 30 °C for 48 hr. A 2 % standard
inoculum of the batch was prepared in saline (O.D. 620 nm= 1.0). Two millilitres of the inoculum were
inoculated into an autoclaved 1 L Erlenmeyer flask containing MSM-L-glucose (4.55 g/L K2HPO4, 0.53
g/L KH2POq, 0.5 g/L MgSOs, 5 g/L NHsNOs, 1 g/L kraft lignin, 0.1 g/L yeast extract, 1% wn) glucose),
and then incubated at different pH ranges from 3.0 — 11.0 on an orbital shaker (Infors HT Ecotron;
Infors HT, Switzerland; 120 rpm for 168 hr at 30 °C).

2.6.2. Optimize the culture temperature.

Only the isolates with best pH condition were selected for temperature optimization studies.
The experiments above were chosen to grow the organism at different temperature ranging from 20
°C - 70 °C on the orbital shaker. whereas the culture condition for pH and concentration selected
were 7.5 and 2 g/l respectively.

2.6.2. Optimize the culture concentration.

Isolates with appreciable enzymatic activity in the above optimized culture temperature
experiment were selected for culture concentration studies. The experiment describe above was
adhered to, expect adjusting the concentration range (0.5, 1, 5, and 10 g/L). The pH and temperature
parameters used in this study were 7.5 and 30 °C respectively.

2.7. Optimized culture parameters for crude extract production

The optimal culture parameters (pH, temperature, lignin concentration) were used to produce
the enzyme complex, using MSM-L-glucose medium in a submerged batch fermentation (1 L conical
flasks). The production was done in duplicate for each isolate that showed high enzyme activity and
bacterial growth. After 7 days of culture growth, cultures were filtered, and the filtrate centrifuged at
15000 rpm for 5 minutes. The supernatant was then freeze-dried (VirTrisbencbtop K: 6KBTEL-85).
The resulting dry material was stored in the fridge at 4 °C and used as source of crude enzyme for
subsequent experiments [27].

2.8. Determination of bacterial growth

Bacterial growth was measured as absorbance at 620 nm using Biotek plate reader and after
centrifugation (15000 rpm, 10 minutes, 4 °C). The peroxidase activity of the supernatant was
measured by the rate of hydrogen peroxide-dependent oxidation of pyrogallol to purpurogallin [28].
Pyrogallol (310 uL ;5% w/v) in 100 mM potassium phosphate buffer (pH 6) was added to of culture
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supernatant (25 pL). The reaction was then stimulated by adding 15 pL of 0.5% v/v of H202(30%
w/w)

2.9. Determination of protein concentration of produced enzyme

The protein concentration was determined using Bradford method [29]. Bradford reagent
consisting of 100 mg of Coomassie Brilliant Blue G-250; 5ml of ethanol (95 %); 100 ml of phosphoric
acid (85 %) were diluted to one litre after dissolving the dye. Standard consisting range of 5 to 10
microgram of protein (albumin) were prepared in 100 microlitre volume. The Bradford reagent (5 ml)
was then added and incubated for 5 minutes. The absorbance was read at 595 nm using Biotek plate
reader. The results were used to draw the standard curve of absorbance against microgram protein.
The crude enzymes obtained using the optimized parameter were weight and their protein
concentration determined using the standard curve.

2.6. Data Analysis

The experiments were triplicated and expressed as mean + standard deviation (SD). Comparison
analysis by Dunn’s post hoc and one way ANOVA was carried by using GraphPad prism (Version
6). The results were considered statistically significant at P < 0.05.

3. Results

3.1. Effect of pH, on growth and production of lignin peroxidase

Figure 1 depicts the performance of the studied bacterial strain grown at different pH. In most
cases, enzyme production was linked to bacterial growth, and they followed the expected bell-shaped
profile, each bacterium peaking at its optimum pH. The observed optima pH for lignin peroxidase
production were Escherichia coli LR025096.1 pH 7.5; Pseudomonas aeruginosa CP031449.2 pH 6.5;
Pseudomonas aeruginosa KR136350.1 pH 9; Enterobacter xiangfangensis MH304301.1 pH 8; Enterobacter
kobei CP032897.1 pH 3 and Pseudomonas aeruginosa KI799669.1 pH 9. However, E. coli LR025096.1 and
P. aeruginosa CP031449.2 showed the highest enzymatic activity (activity >0.8 x102U/L). In addition,
Pseudomonas aeruginosa KR136350.1 and Enterobacter xiangfangensis MH304301.1 displayed moderate
enzymatic activity. Hence, four isolates including P. aeruginosa CP031449.2, E. coli LR025096.1,
Pseudomonas aeruginosa KR136350.1 and Enterobacter xiangfangensis MH304301.1 with appreciable
enzymatic activities were selected for optimum temperature study.
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Figure 1. Performance of the selected organisms at different pH values (A-Escherichia coli Old A 2
LR025096.1, B- Pseudomonas aeruginosa Saw A 2 CP031449.2, C- Pseudomonas aeruginosa New A
KR136350.1, D- Enterobacter xiangfangensis RBA 1 MH304301.1, E- Enterobacter kobei NSSA 2
CP032897.1 and F- Pseudomonas aeruginosa Soil B KT799669.1).

3.2. Effect of temperatures on lignin peroxidase production.

Optimization of temperature to produce lignin peroxidase, ranging from 20 °C to 70 °C (Figure
2). The results reveal that the optimum temperature of the selected strains was 30 °C for Escherichia
coli LR025096.1, 40 °C for Pseudomonas aeruginosa CP031449.2, 40 °C for Pseudomonas aeruginosa
KR136350.1 and 30 °C for Enterobacter xiangfangensis MH304301.1. Escherichia coli LR025096.1 and
Pseudomonas aeruginosa CP031449.2 showed highest enzymatic activity, an indicator of their lignin
peroxidase efficacy. Meanwhile, Pseudomonas aeruginosa KR136350.1 and Enterobacter xiangfangensis
MH304301.1 showed poor enzymatic activity. Therefore, Escherichia coli LR025096.1 and Pseudomonas
aeruginosa CP031449.2 were selected for concentration optimum study.
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Figure 2. Performance of the selected organisms at different temperatures (°C) (A- Escherichia coli Old
A 2 LR025096.1, B- Pseudomonas aeruginosa SAW A 2 CP031449.2, C- Pseudomonas aeruginosa New A
KR136350.1 and D- Enterobacter xiangfangensis RBA1 MH304301.1).

3.3. Optimization of lignin concentrations for lignin peroxidase production.

The concentration of the carbon source of the medium (lignin) was varied from 0.1 g/L to 10 g/L
(Figure 3). The results indicate that even though the growth of the organisms increased with increase
in lignin concentration, lignin peroxidase activity decreased with lignin concentrations higher than 1
g/L. Therefore, 1 g/L of lignin concentration showed maximum lignin peroxidase activity of 1.7x10-
U/L for Escherichia coli old A2 LR025096.1 and 7.3x10' U/L for Pseudomonas aeruginosa Saw A2

CP031449.2.
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Figure 3. Effect of lignin concentration on growth and LiP production of Escherichia coli old A2
LR025096.1 (A) and Pseudomonas aeruginosa Saw A2 CP031449.2 (B).

3.4. Production of crude lignin peroxidase by E. coli and P. aeruginosa

The optimum pH, temperature and lignin concentrations were selected to separately culture the
best performing ligninolytic bacteria (Escherichia coli LR025096.1 and Pseudomonas aeruginosa
CP031449.2) to produce lignin peroxidase. The 7 days’ cultures were centrifuged and the supernatant
freeze dried. Table 1 showed the amount of crude extract obtained and protein content of the crude
LiP preparation. The result revealed that the E. coil showed higher non-significant (P < 0.05) amount
of crude extract than P. aeruginosa. Likewise, the E. coil showed significant (P > 0.05) higher protein
content in comparison with P. aeruginosa.
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Table 1. Weight and Protein concentration of lignin peroxidase obtained from Escherichia coli old A2
LR025096.1 and Pseudomonas aeruginosa Saw A2 CP031449.2. Superscript alphabets represented
significant difference (P < 0.05).

Isolates Weight (g) Protein conc. (mg/ml)
Escherichia coli LR025096.1 9.38 +0.032 21.53 £3.112
Pseudomonas aeruginosa CPO31449.2 9.00+0.132 18.13 +2.14>

4. Discussion

Degradation of lignocellulosic material or lignin wastes, in most agriculturally based industries,
are crucial to produce valuable products and prevention of lignocellulosic wastes or rigid lignin
wastes [30]. Isolation of ligninolytic bacteria and optimizing culture conditions, to improve produce
ligninolytic enzymes during fermentation of lignocellulosic materials or lignin wastes to a usable
product, is considered an attractive and alternative approach to reduce environmental waste
challenges in most industries [31]. Therefore, it is significant to explore lignin peroxidase source with
high production capability.

The pH, temperature, carbon source, etc. are important culture conditions which determine
bacterial growth and production of ligninolytic enzymes. Every bacterial species requires its own
specific growth parameters which are largely determined by the required optimal culture conditions
of its growth and enzyme activity [32]. The lignin peroxidase production in this study was monitored
by measuring the enzyme activity from the bacteria. Generally, changes in pH, temperature and
carbon source for bacterial strains either badly affects or promotes both bacterial growth and enzyme
activity [33]. Therefore, the optimum culture conditions are most beneficial for the bacterial growth
and high active enzyme yields. Inadequate optimum culture conditions can promote changes in the
folding of enzymes or alter functional groups, leading to denaturation and terminating the enzyme
activity [34,35].

The optimal pH values obtained in this study (Figure 1) indicated that, except for Pseudomonas
aeruginosa CP031449.2 that showed maximum activity at pH 6.5, all the other selected isolates
exhibited optimal activity in the alkaline pH range (pH 7.5-9). Previous study of Falade et al. [36] has
revealed that the Ensifer adhaerens NWODO-2 produces peroxidase at the optimum neutral pH (pH
7). while Zanirun et al. [37] has determined the acidic optimum pH of 3.5 that significantly influences
the production of lignin peroxidase by Pycnoporus sp. These finding also concur the work of Nour
EL-Dein et al [38] and Rob et al, [39] in which optimum peroxidase activity by Streptomyces sp. K37
and Streptomyces avermitilis UAH30 was obtained at pH 7.5 and 7 respectively. This indicate that
pH plays crucial role in peroxidase production, and specific to bacteria strain [40]. It is noteworthy
that insight into optimum pH for large scale peroxidase production by selected bacteria are beneficial,
reducing time and cost of peroxidase production [41].

Bacteria growths are influenced by certain limit temperature. This characteristic enhances the
macromolecular composition, intracellular metabolite, enzyme production and general growth rate
[24]. Hence, it is expedient to ascertain the temperature that support a particular bacteria strain to
optimum enzyme production. In this study, for all strains cultured at their optimal pH, maximum
bacterial growth and enzyme production occurred at about 40 °C (Figure 2). At temperatures higher
than 45 °C, a decrease in bacterial growth and lignin peroxidase production was observed. The
observed diminish in enzyme activity above 45 °C was an indication of poor metabolic activities in
the bacteria as well as onset of protein denature [33]. This may subsequently hampered bacteria
growth and enzyme production [42. 43]. Based on the classification of bacteria by their growth
temperature, it has been clear that all the selected bacterial strains (Figure 2) were mesophilic
organisms since they were able to live and thrive at moderate temperatures between 30 °C — 40 °C.
These finding agrees with the work of Falade et al., [36] that optimal peroxidase production by Ensifer
adhaerens NWODO-2 isolates was achieved at mesophilic temperature. Similarly, temperature range
of 37 °C - 40 °C have previously been reported in other bacterial species for optimum peroxidase
production [38,44]. This infer that incubating temperature for optimising lignin peroxidase
production are bacteria strain dependent [45].
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Carbon sources, like glucose, cellulose, and other glucose mixtures, play a vital role in improving
the activity and the production of lignin peroxidase [46]. This study reported that the isolated bacteria
were able to degrade and utilize lignin for growth (Figure 3). However, there seems to be substrate
inhibition of the enzyme production as the amount of enzyme produced decreases with an increase
in lignin concentration. It is also most likely that enough LiP is produced to hydrolyse just enough
lignin (as carbon source) for growth. This finding concurs the report of Musengi et al., [44] in which
high concentration of veratryl alcohol in streptomyces sp. BSII#1 decreased lignin peroxidase
production.

In a laboratory work that involve enzyme/protein extraction, determining the protein
concentration is an important stage and it can assist in comparing the outcomes from one
enzyme/protein to another and from one trial to the next. It is apparent (Table 1) that the two bacteria
studied (Escherichia coli LR025096.1 and Pseudomonas aeruginosa CP031449.2) could be cultivated to
produce crude preparations that are active as Lignin Peroxidase.

5. Conclusion

Escherichia coli LR025096.1 and Pseudomonas aeruginosa CP031449.2 exhibited the potential to
grow on kraft lignin and produce crude proteins that show lignin peroxidase activity when culture
conditions including pH, temperature and concentration are optimized. These indicate proficiency
of bacteria strain in biotechnology, especially in large scale production of lignin peroxidase. For
further study, purification of crude enzyme and SDS page need to be investigated.
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