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Abstract— Because of the bacterial genome's flexibility,
interest in new ligninolytic bacteria has remained high. The
difficulty to commercialize the bio-catalytic process of lignin
breakdown by bacteria is one of the consequences of this
scenario. As a result, using model lignin compounds Remazol
Brilliant Blue R (RBBR) used as the substrate for the
screening and decolorization of dye indicates the positive
result, while Bergey’s manual was used to identify bacterial
strains with significant ligninolytic and peroxidase producing
capabilities. As a result of the scarcity of knowledge on
organisms with such potentials, the possibilities for
commercial use of these test bacterial strains.
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I. INTRODUCTION

Enzymes are utilized to cure a wide range of illnesses, and
they also serve as biocatalysts for catalyzing particular
processes. Therapeutic enzymes are in great demand these
days due to an increase in their applications. In biological
lignin degradation, microbial or microbial enzyme
degradative methods are utilized. Physical and chemical
procedures, which are often more expensive and have a host
of other disadvantages, are chosen (1). The capacity of white-
rot basidiomycetes to degrade lignin has been widely
investigated (2-3), and white-rot fungi have been recognized
as the most efficient microbial lignin-degrader (4).

The aromatic non-carbohydrate component of lignin
peroxidase, lignin, resists decomposition. As a result,
effective lignin decomposition is important for manufacturers
who utilize lignin peroxidase as a raw material for a range of
value-added products (6). More significantly, lignin's
degradation resistance is an undesirable obstacle to the
efficient and effective utilization of abundant lignocellulosic
resources. Similarly, the large amount of lignin produced
during industrial ethanol processing, pulp, and paper
manufacturing processes accumulates and constitutes a
serious environmental concern, demanding the development
of efficient and ecologically friendly lignin degradation
technologies (5). It's important to check for lignin
depolymerization capability in bacterium species. In addition,
the growing function of microorganisms in lignin breakdown
has received a lot of attention. Bacteria belonging to the
actinomyecetes, -proteobacteria, and -proteobacteria families
have been shown to degrade lignin (7).

Ligninolytic bacteria have been discovered as
Streptomyces viridosporus T7A, Rhodococcus sp., and
Nocardia autotrophic, Microbacterium sp., Brucella
melitensis, Ochrobactrum sp., Sphingomonas sp. (8, 9),
Streptomyces  coelicolor,  Arthrobacter  globiformis,

Rhodococcus jostii RHA1, Pseudomonas putida mt-2,
Serratia sp. JHTO1, Serratia liquefacien PT. Ligninolytic
bacteria also produce extracellular oxidative enzymes, such
as peroxidases, which have been related to lignin breakdown
(8-10). These extracellular peroxidases have other functions
than lignin breakdown. They are used in the elimination of
phenolic contaminants, the decolorization of synthetic dyes,
and the production of natural aromatic flavors (11). The goal
of this research is to identify lignin peroxidase-producing
bacteria and use mutations to improve lignin peroxidase
production.

Il. METHODOLOGY:

A. Sample collection and bacterial strain isolation:

The samples were taken from woody regions that are high in
lignin. In sterile bags, the samples were gathered. The
samples were serially diluted in 0.85% NaCl solution before
being spread out on a sterilized nutrient agar medium. These
cultures were also purified based on various colony
morphological characteristics (12).

B. Screening of bacteria that produce lignin peroxidase:

Remazol Azure B agar plates were produced for the screening
method, and these pure cultures were streaked and incubated
for 48 hours at 37°C. The clear zone indicates positive
results(14).

C. Strain identification:

Biochemical and molecular characterization were used to
identify PSVRO02. Bergy's protocol was used for biochemical
characterization, which included staining and biochemical
analysis. While performing molecular characterization,
universal primers were used to sequence 16sRNA: forward
primer 27F 5'-GAGAGTTTGATYCTGGCTCAG-3' and
reverse primer 1492R 5’ AAGGAGGTGATCCARCCGCA -
3'. The isolate's genomic DNA was amplified using these
primers in a 25-liter reaction mixture (genomic DNA 0.5ng,
PCR Master Mix 10 I, primers 0.2M with volume adjustment
with nuclease-free water). Initial denaturation for 2 minutes
at 94°C for 1 cycle, denaturation at 94°C for 45 seconds;
annealing at 54°C for 45 seconds; extension at 72°C for 1
minute for 35 cycles; (3) final extension at 72°C for 7 minutes
were programmed into the PCR thermocycler. The samples
were kept at 4°C until they were analyzed. The PCR products
were detected on a 1.5 percent agarose gel, purified with a
PCR product purification kit, and sequenced with a DNA
sequencing kit delivered to First Base Co. Ltd. The sequences
of the 16S rRNA gene were then compared to those in
GenBank using the BLASTN software (Basic Local
Alignment Search Tools)10. The phylogenetic tree was built
using the Muscle technique for sequence alignment and the
maximum likelihood approach with 1,000 bootstrap values
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using MEGA X. All of our lignin peroxidase-producing
isolates' 16S rRNA partial sequences were deposited in the
NCBI database (15).

D. Strain improvement by mutation:

UV rays were employed as a physical mutagen and ethidium
bromide was used as a chemical mutagen to modify the strain
to increase the production of lignin peroxidase. The strain
was exposed to UV rays at various time intervals in UV
mutation, whereas in chemical mutation, ethidium bromide
was employed at various concentrations to modify the strain
(16-17).

E. Media designing:

The medium for the synthesis of lignin peroxidase was
chosen, and then each component of the chosen media was
optimized one at a time. The growth curves of all the strains,
wild and mutant, were evaluated once the optimization was
finished (18).

F. Production and purification of lignin peroxidase:

Submerged fermentation and the shake flask technique were
used to make lignin peroxidase. After sterilizing and
optimizing the medium, all of the cultures were inoculated.
Further, these inoculation cultures were cultured at 37°C for
48 hours, after which the enzyme was purified using salt
precipitation (40 percent ammonium sulfate) and dialysis
(19,20).

G. Estimation of lignin peroxidase activity:

Transfer 0.5 mL of enzyme and H202 to each test tube,
followed by 1 mL of potassium tartrate. Each tube received
an additional 1 ml of methylene blue. At a 1 minute interval,
the OD was measured at 620 nm (20).

I1l. RESULTS & DISCUSSIONS

A. lsolation of lignin peroxidase-producing bacteria:

The samples were collected in a plastic bag for ligninolytic
bacteria isolation. Using the serial dilution and spread plate

technique, a total of 25 bacterial cultures were recovered from
all of the collected materials. The varied physical features of
these civilizations were used to choose them. Each of samples
1, 2, and 3 vyielded four cultures, sample 4 yielded four
cultures, and sample 5 yielded six cultures. These cultures are
named C1, C2..... C25. The cultures obtained from different
samples were differentiated based on their morphology. The

morphology of all the selected colonies is given in table 1.
l; f N

Fig. 1: Spreading plate of a bacterial culture by serial
dilution method

Culture name Shape Margin | Elevation | Pigmentation | Surface | Texture Opacity
C1l Circular Entire Flat White Rough Hard Opaque
C2 Spindle Discrete Raised Off-white | Smooth Soft Translucent
C3 Filamentous | Curled Convex Green Smooth Soft Opaque
C4 Punctiform | Lobate | Pulmonate | Yellowish Rough Hard | Translucent
C5 Circular Discrete Flat Off-white | Smooth Soft Opaque
C6 Rhizoidal Curled Convex White Rough Hard Opaque
C7 Circular Discrete Flat Off white Rough | Gummy Opaque
C8 Circular Entire Raised Yellowish | Smooth | Hard | Translucent
C9 Irregular Lobate Convex Off white Smooth Soft Opaque

C10 Spindle Discrete Raised White Rough Hard Opaque
Cl11 Filamentous | Curled Convex Off-white | Smooth Soft Translucent
C12 Punctiform | Lobate | Pulmonate Green Smooth Soft Opaque
C13 Circular Discrete Flat White Rough Hard Opaque
Cl4 Irregular Entire Flat Off white Rough Soft Opaque
C15 Circular Lobate Convex Yellowish | Convex Soft Opaque
C16 Circular Lobate Flat Off white Smooth | Gummy Opaque
C17 Irregular Lobate Raised Off white Convex | Hard Opaque
C18 Circular Curled Raised Off white Convex | Hard Opaque
C19 Circular Lobate Flat Yellowish | Smooth Soft Opaque
C20 Circular Curled Raised White Smooth Soft Opaque
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C21 Irregular Entire Convex Off-white | Convex Soft Opaque
C22 Circular Lobate | Pulmonate Green Convex | Hard Opaque
C23 Irregular Lobate Flat Off-white Rough | Gummy Opaque
C24 Circular Entire Convex Yellowish | Convex Soft Opaque
C25 Circular Lobate Flat Off white Smooth | Gummy Opaque

Table 1: The morphology of all the selected colonies.

Fig. 2: streaking plate of selected bacteria

The screening of lignin peroxidase generating
bacteria was permitted on all 25 bacterial cultures. By
decolorizing the dye and demonstrating the greatest clear
zone surrounding the cultures as illustrated in figures 5 and 6,
culture 6 from sample 5 was selected as positive.

A - .- . £ \\\\ __// — g

Fig. 3: Screening plate of ligninolytic bacteria

B. Strain identification for lignin peroxidase producing
bacteria

Bacteria would be gram’s negative & was rod shape. As the
bacteria were purple in color and rod in shape. The
temperature stress was given to the bacterial cultures and then
after staining we obtained that the bacteria would be
endospore negative. Mannitol is the type of carbohydrate,
bacteria break down the mannitol due to which the pH of
media was decreased and the red color of indicator phenol
red, changes to yellow color hence the bacteria would be
mannitol positive the pink color cells indicate the absence of
endospores. Bacteria show the ability to break down H;0,
into H,O and Oy, where the air bubbles indicate the presence
of Oy, hence the bacteria are catalase positive. Bacteria would
be VP positive. With the help of molecular characterization
and biochemical tests, we would identify the bacterial strain
and Bacteria is Klebsiella pneumoniae.

Endospore staining

Gram'’s staining

Catalase test

VP test

15l
]

Mannitol test

Fig. 4: Biochemical tests

C. Physical mutation:

After the mutation, the bacterial growth varies as the UV
ray’s exposure time changes. By performing the estimation of
lignin peroxidase estimation, we would find a 6 min UV

mutation for bacterial culture gave us a positive result as
mentioned in figure 5. The OD at 620 nm was taken at 1 min
of the time interval for checking the decolorization and based
on best readings obtained after decolorization considered as
the best result.
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Figure 5: Graphical representation of enzyme estimation

All rights reserved by www.ijsrd.com 159




Enhancement in the Production of Lignin Peroxidase through Physical and Chemical Mutation from A Bacterial Isolate

(IJSRD/Vol. 9/Issue 07/2021/031)

D. Chemical mutation:

Similarly, the bacterial and cultures were inoculated at
different concentrations of the ethidium bromide and as a
result, the decrement in the growth was observed after taking

E. Media designing:

Time

20min

the bacterial growth OD and the lignin peroxidase enzyme
activity was also carried out where the best results were
obtained at 8pg / ml concentration of ethidium bromide of
both bacterial culture as defined in figure 6.
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Fig. 6: Estimation of lignin peroxidase from EtBr mutated

Both bacterial culture growth was checked in different
concentrations of media components, where the component

was selected based on maximum growth obtained after taking
the OD at 620 nm as shown in table 2.

Factors OD (620nm)
Concentrations | Modified media (mm) Wild strain | UV mutant strain | EtBr mutant strain

6 g/l MM1 0.02 0.08 0.1
NaH2PO4 4 g/l MM2 0.26 0.09 0.03

8 g/l MM3 0.29 0.21 0.27

10 g/l MM4 0 0 0

3g/1 MM5 0.01 0.09 0.11
KH2PO4 1gll MM6 0.31 0.35 0.39
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59/l MM7 0.26 0.09 0.03
8 g/l MM8 0.29 0.01 0.07
39/l MM9 0.22 0.04 0.05
NaCl 19/l MM10 0.26 0.09 0.03
59/l MM11 0.39 0.46 0.49
8 g/l MM12 0 0 0
39/l MM13 0.01 0.09 0.24
Dextrose 19/l MM14 0.28 0.21 0.24
59/l MM15 0.31 0.3 0.31
8 g/l MM16 0.42 0.49 0.53
39/l MM17 0.25 0.28 0.41
19/l MM18 0.09 0.15 0.25
NH4CI 24l MM19 0.49 0.52 0.57
4 g/l MM20 0.25 0.27 0.35
0.2 g/l MM21 0.65 0.72 0.79
0.19/l MM22 0.54 0.41 0.51
MgSO4 0.5¢/l MM23 0.41 0.56 0.43
0.3 ¢/l MM24 0.25 0.24 0.45
4 MM25 0.37 0.51 0.53
oH 7 MM26 0.89 1.12 1.09
9 MM27 0.61 0.74 0.71
11 MM28 0.72 0.63 0.41
Table 2: Media optimization
S no. Culture Remarks
4°C | Room temp. | 37°C | 50°C

1 Wild strain - + ++ +

2 Physical mutant - + ++ +

3 Chemical mutant | - + ++ +

Table 3: Effect of temperature

Fig. 7: Effect of temperae

F. Growth curve study of bacterial culture:

Based on the comparative analysis of lignin peroxidase
estimation between wild strain, UV mutated strain and EtBr
mutated strain, the best results were obtained by the UV
mutated strains of bacterial cultures hence the further
analyses were carried out by taking these mutated strains.

i

Time (hours )

Fig. 8: Growth curve study of mutated strains

G. Fermentation and downstream processing:

The bacterial cultures were inoculated in sterilized optimized
fermentation media and allowed for shake flask fermentation
at 37°C for 2 days in a shaker incubator. Further, the enzyme
lignin peroxidase was purified by using 40% ammonium
sulfate for salt precipitation and then transferred into the
dialysis bag after dissolving in Tris buffer as shown in figure
9. The enzymes in the dialysis bag were incubated for a day
after changing the tris buffer at 2 hours of interval at 4 °C.
Then the purified enzyme was estimated for the enzyme
production as defined in figure 10.
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Fig. 9: (a) Dialysis beg in tris buffer, (b) Dialysis bags & (c)
Enzyme

Fig. 10: Estimation of lignin peroxidase enzyme

IV. CONCLUSION:

In this project, firstly we isolated the bacteria from collected
soil samples from various locations. Then one bacterial
culture was selected for the lignin peroxidase, further these
cultures were allowed for physical mutation by using UV rays
as mutagen and. chemical mutation by using EtBr as a
mutagen. After performing the comparative analysis of these
cultures the best results were obtained by UV mutated strains.
Further, these UV rays mutated strains were allowed for
growth curve study and then allowed for shake flask
fermentation. The purified enzymes from these cultures were
estimated for lignin peroxidase estimation.
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