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Actinomycetes from mangrove and coastal environments were studied for their
potential in biotechnology and environmental management. This research aimed to isolate and
characterize these microbes, focusing on enzyme production, dye degradation, and antibiotic
resistance. Samples were collected from various mangrove and coastal sites. Actinomycetes
were isolated using selective media and identified through morphological and biochemical tests.
Genetic characterization was performed using 16S rRNA sequencing. Enzyme production was
evaluated through specific proteases, lipases, and cellulase assays. Dye degradation studies
involved incubating actinomycetes with synthetic dyes and measuring degradation efficiency
using spectrophotometric methods. Antibiotic resistance was assessed using disk diffusion
and minimum inhibitory concentration (MIC) test. The study focused on isolating a variety of
Actinomycetes from mangrove and coastal environments, assessing their potential for enzyme

production and dye degradation.
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Microorganisms can convert various
raw materials into value-added products such as
antibiotics, polysaccharides, proteins, oils, fatty
acids, enzymes, and pigments. The synthesis
of bioactive chemicals, industry, bioleaching
techniques, pest and disease control, food
production, and immunizations all depend on a
diverse range of microorganisms'-. Actinomycetes,
filamentous, free-living, soil-aerobic bacteria, play
a specific role in the production of antibiotics and
other secondary metabolic products’. They fall into
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three categories: auto regulators, agro-biological
active agents, and pharmacological active agents*.

Actinomycetes are a diverse group of
gram positive bacteria known for their complex
life cycles and ability to produce a variety of
bioactive compounds. These microorganisms are
abundant in soil environments and are particularly
notable in extreme and niche habitats, such as
mangrove and coastal environments. Because
of their unique sediment composition and saline
environment, Actinomycetes are abundant in
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mangrove ecosystems and coastal habitats and
have potential biotechnological applications® °.
About 2/3 of naturally occurring antibiotics have
been isolated from these organisms. Streptomyces,
the largest antibiotic-producing genera in the
microbial world, generate an extensive range of
secondary metabolites with important applications
in pharmaceutical industries’.

In recent years, Interest has been rising in
exploring Actinomycetes from these habitats for
their unique metabolic capabilities. Actinomycetes
have been shown to produce a range of enzymes,
including laccases, which are of significant
industrial interest due to their applications in
bioremediation and the degradation of recalcitrant
dyes®. Laccases are oxidoreductases that can
degrade an assortment of environmental pollutants,
making them valuable in wastewater treatment
processes’.

Dye degradation involves the cleavage
of chromophores, with laccases being the most
promising enzymes'®. They are effective in
oxidative elimination of aromatic alcohols and
decolorization of effluents. Gene manipulation,
particularly protoplast fusion, can investigate the
importance of genetic traits in bio degradative
compounds''. Actinomycetes, less pathogenic
than bacteria and fungi, are a good source
of useful enzymes for dye oxidation. Due to
stringent environmental legislation, textile
industries are looking for effective wastewater
re-mediation technologies for color removal'*',
Bioremediation of textile effluent is considered an
inexpensive, environmentally friendly, and publicly
acceptable treatment technology '. Protoplast
fusion technology can achieve a high decolorizing
capacity of actinomycetes, reducing dye.

Actinomycetes’ capacity to break down
dyes and other contaminants is associated with their
enzymatic systems, which are distinguished by
the generation of color and the activity of enzyme
hydrolysis '¢. The presence of antibiotic-resistant
microorganisms in environmental samples presents
both opportunities and concerns. Investigating
these strains aids in the development of novel
antibacterial tactics as well as our understanding
of the mechanisms driving antibiotic resistance'”.

The study focuses on the deterioration
of dyes by Laccase enzyme-producing
Actinomycetes, as industries often discharge toxic
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dye effluents into water bodies, posing significant
environmental and human health risks.

MATERIALS AND METHODS

Collection of Samples

In all, 50 mangrove soils, 70 beach littoral
sediments, 70 beach water samples, and about
75 coir waste samples were collected in sterile
containers. At a depth of 10—15 cm, mangrove soil
and beach littoral sediment were collected. All the
above samples were collected from various regions
of Kerala and Tamilnadu and were brought to the
laboratory for further processing.
Isolation of Actinomycetes

Actinomycetes were isolated from
the samples by both pretreatment and without
pretreatment methods. The pretreatment methods
used were (i) Calcium carbonate treatment '®and
(i1) Oven treatment of the sample at 55°C for 6 min
in a hot air oven '°. Then the samples were serially
diluted and plated on starch casein nitrate agar®®
2! with cycloheximide and nystatin, each at 50 g/
mL, and rifampicin at 0.5 mL**. The plates were
incubated at 27°C for 7-10 days. After incubation,
the colonies formed were taken for further study.
Each isolate was selected based on the nature of the
colony, the nature of the odor, and also the colour of
the pigment diffused into the medium. They were
named accordingly as S1, S2, S3, S4, S5, etc.
Gram Staining

Gram staining was performed for all the
strains using a sterile technique, and the results
were tabulated.
Melanoid Pigment Production

Melanoid pigment production was
observed on yeast extract malt extract agar. The
cultures forming colours, from greenish brown
to brown or black diffusible pigment or a distinct
brown pigment modified by other colours, should
have to be recorded. The absence of any of these
colours was considered negative for pigment
production.
Carbohydrate Fermentation Tests

A carbohydrate fermentation test was
performed to detect the fermentation activity of
the actinomycetes®. Using various carbon sources,
each test culture was inoculated into the sterile
broth used for the fermentation of carbohydrates
(glucose, sucrose, fructose, raffinose, inositol,
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xylose, and mannitol) and incubated at 27°C for
7-10 days.
Hydrolytic Activity of the Isolates

The enzymatic potential such as amylase,
gelatinase and caseinaseactivity of the isolates was
tested using starch agar, gelatine agar and skim
milk agar?,
Determination of Laccase Enzyme Activity

For the determination of laccase enzyme
activity, both starch casein nitrate agar medium
together with guaiacol (1 mM) and peptone with
guaiacol (1 mM) were employed®. The cultures
were cultured at 27°C for 7-10 days after being
inoculatedinto the plates using the direct streaking
method. After incubation, the plates were inspected
for the presence or absence of zones that indicated
either hydrolysis or inhibition. In particular, zones
of hydrolysis were analyzed to detect enzyme
activity, whereas zones of inhibition were assessed
to evaluate antimicrobial effects.
Partial Purification of the Laccase Enzyme

The partially purified form of the enzyme
obtained was undergone for molecular weight
determination®.
Confirmation of Laccase Enzyme by SDS-PAGE
Method

SDS-PAGE was used to estimate the
molecular weight of the laccase enzyme . SDS-
PAGE was done to estimate the molecular weight
of the laccase enzyme using Laemmli’s method.
The running buffer contained 0.125 M Tris,
0.96 M glycine, and 0.5% SDS. Separating gel
consisted of 1.5 M TrisHCI, 0.4% SDS, and 30%
acrylamide, among others, while stacking gel had
0.5 M TrisHCI, 0.4% SDS, 30% acrylamide, etc.
Samples with tracking dye and mercaptoethanol
were loaded into wells, and electrophoresis was
carried out at 50V. The staining solution included
methanol, acetic acid, and Coomassie Brilliant Blue
R. The gel was stained overnight, washed, and then
destained in another solution.
Isolation of DNA, Amplification and Sequencing
of 16SrRNA Gene

Broth culture was used to extract the
DNA, with 10% SDS and 1 X TE buffer. DNA was
extracted by adding phenol, chloroform, isoamyl
alcohol, and then isopropanol. The DNA fragments
were then removed by centrifuging the mixture, and
Electrophoresis was performed using 1% agarose
gel. Genomic DNA was subjected to PCR
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assays for amplification of the ] 6STRNA gene. PCR
assays utilized ** to amplify the 16S rRNA gene,
determining partial and full-length gene sequences
accessible. Primers from Sigma in India, Primer 1
(5'-GAGAGTTTGATCCTGGCT-3") and Primer
2 (5'-TGACGGGCGGTGTGTA-3"), produced
a 1400 bp amplicon. Each 20 il PCR reaction
mixture contained 1 il genomic DNA template, 2 il
10X PCR buffer, 0.5 il of each primer, 1 il of each
dNTP, 0.5 i1Tag DNA polymerase, and 15 il water.
Samples underwent 35 cycles of denaturation at
94°C for 30 seconds, annealing at 63°C for 30
seconds, and extension at 72°C for 30 seconds.
Gel analysis with ethidium bromide revealed the
amplification band for evolutionary relationship
study.
Dye Degradation of Actinomycetes

Positive laccase enzyme cultures
were tested for dye degrading efficiency in
starch casein nitrate broth with various dyes
with different concentrations. After 7-10 days
of incubation at 27°C, culture samples were
analyzed for decolorization progress by monitoring
absorbance at specific wavelengths and pH
changes. Decolorization percentage was calculated
based on the results of the study.Decolorization
was monitored by measuring the absorbance of
culture supernatants at respective nm. pH change
during decolorization was observed to see whether
decolorization was due to degradation or change in
pH. The percentage decolorization was calculated
as follows,

% Decolourization = [Initial absorbance —
Observed absorbance / Initial absorbance] x 100

The results were tabulated.
Antibiotic Resistant Mutant Isolation

In an experiment by different
concentrations of antibiotics *° were added to
starch casein nitrate agar medium to identify
antibiotic-resistant bacteria. Plates were then
incubated at 27°C for 7-10 days, resulting in growth
of actinomycetes being observed.
Protoplast Fusion

The conducted protoplast fusion using the
S9 (Str+R-) and S19 (Str-R+) strains®'. Protoplasts
were produced by treating mycelia with lysozyme,
rinsing, and incubating them on agar plates.
Protoplast lysate preparation involved centrifuging,
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osmotically breaking, and mixing with sucrose
before incubation. Adding donor DNA, PEG,
and antibiotics before plating are essential for
growth observation in the transformation process.
Protoplast fusion allows genetic material merging
from different strains, potentially leading to
beneficial traits in hybrids. Agar plate growth
monitoring demonstrated successful gene transfer
and integration evaluation.
Dye Degradation of Fused Strains

The efficiency of dye degradation by
fused strains was tested using different dyes in
starch casein nitrate broth. After incubation at
27°C for 7-10 days, samples were taken at intervals
and centrifuged. Decolorization was measured
by absorbance at specific wavelengths, with pH
changes noted. The percentage of decolorization
was calculated to determine the effectiveness of
the strains in degrading the dyes.

Decolorization was monitored by
measuring the absorbance of culture supernatants
at respective nm. pH change during decolorization
was observed to see whether decolorization was
due to degradation or change in pH. The percentage
decolourization was calculated as follows,

% Decolourization = [Initial absorbance —
Observed absorbance / Initial absorbance] x 100
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The results were tabulated.
RESULTS

Isolation of Actinomycetes

Samples were obtained from different
locations in Kerala and Tamilnadu, including 50
wetland soils from mangrove forests, 70 sediments
from beach shores, 70 beach water samples, and
75 coconut waste samples. The samples were
subjected to both pre-treatment and left in their
untreated state.The use of calcium carbonate
pre-treatment was shown to be more effective for
isolating actinomycetes compared to other methods
utilized (Table 1).

The colonies were selected randomly
according to their morphology, odour, powdery
nature and pigmentation and were named as S1,
S2,S3,......... S111 (Table.1, Plate: 1).

All isolates listed (S2, S6, S9, S12, S18,
S19, S25, S26, S28, S109, S110, S111) show a
positive result for Gram staining. This indicates that
every strain is Gram-positive, which implies that
they still display the crystal violet stain and have a
thicker coating of peptidoglycan in their cell walls.
Only one strain (S26) of the 12 isolates exhibits

Table 1. Number of Colonies of Actinomycetes in Different Sampling Station

Samples Station Number Of Colonies Cfu/Ml 10
Calcium Oven Without
Carbonate Treatment Treatment
Treatment

Mangrove Soil Ochira 20 8 15
Kumarakom 25 - 12

Beach Sediment Ambalapuzha 20 2 15
Kovalam - - 5
Cherthala 12 2 6
Ernakulam 11 8
Kollam - - -

Beach Water Ambalapuzha 9 4 6
Kovalam 5 - 2
Cherthala 2 - 1
Ernakulam 4 2 2
Kollam - - -

Coir Waste Kollam (A) 62 - 30
Kollam (B) 40 - -
Vijayamangalam (A) 38 - 14
Vijayamangalam (B) 45 1 8
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positive melanoid pigment synthesis. . This suggests
that strain S26 produces melanoid pigments. While
most of the strains do not. Melanoid pigments are
typically brown to black and can be produced by
certain bacteria through the breakdown of amino
acids or carbohydrates, and their production is often
associated with specific metabolic pathways.

In carbohydrate fermentation, the strains
showed variation in their ability to assimilate
seven carbon sources; none of the strains grew on
substrates like inositol and raffinose(Table. 3). All
strains (S2, S6, S9, S12, S18, S19, S25, S26, S28,
S109,S110, S111) can utilize fructose, indicating it
is a common and essential carbohydrate source for
these strains. The strains S9, S12, S18, S19, S28,
S109, and S111 fermented xylose, and others could
not. Only strains S9 and S12 fermented glucose,
and strains S6 and S26 fermented mannitol. All the
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isolates fermented fructose, and the strains S2, S9,
S12, and S25 fermented sucrose.

The enzymes hydrolysis (amylase,
caseinase, and gelatinase) were tested for all the
strains(Table.4). A majority of strains (S2, S6,
S12, 819, 825, S109, S110) can hydrolyze casein,
showing they can degrade casein into peptides and
amino acids. Strains S9, S18, S26, S28, and S111
do not show casein hydrolysis. Several strains (S6,
S9, S12, S19, S26, S28, S109, S110, and S111)
can hydrolyse gelatin, indicating they have the
enzyme gelatinase, which breaks down gelatin into
simpler products. Strains S2, S18, and S25 cannot
hydrolyzegelatin. The strains S2, S6, S9, S12, S19,
S26, S28, S109, S110, and S111 were capable of
hydrolyzing starch, which showed a positive result
for amylase, and the strains S18 and S25 showed
negative results (Plate: 2).

Table 2. Colony Morphological Characteristics of the Isolates

No. Strain  Sample Colony Morphology
1. S2 Mangrove Soil Small circular, white powdery colonies with brown pigmentation.
2. S6 Mangrove Soil Small, white powdery colonies with grayish circle.
3. S9 Coir Waste White powdery, raised mucoid colony with white colour on reverse side.
4. S12 Mangrove Soil Small, circular white colony with pointed centre.
5. S18 Beach Sediment Circular grayish powder colonies.
6. S19 Coir Waste White, mucoid, powdery colony with raised centre.
7. S25 Coir Waste Brown coloured colony with sandal colour on reverse side.
8. S26 Coir Waste Grey colored colony raised at centre with reddish brown pigmentation
on reverse side.
9. S28 Coir Waste Large circular yellow coloured powdery colony.
10. S109  Beach Sediment Large circular, grayish white powdery colonies with green pigmentation.
11.  S110 Mangrove Soil Large, white powdery colonies with yellow pigmentation.
12.  S111 Mangrove Soil Large circular, grayish powdery colonies with black pigmentatiom.
Table 3. Utilization of the Carbon Sources by the Isolates

No. Carbohydrate Actinomycetes Strains

(Sugars) S2 S6 S9 S12 S18 S19 S25 S26  S28 S109 S110 S1
1. Glucose - - + + - - - - - - - -
2. Fructose + + + + + + + + + + + +
3. Sucrose + - - + - - + - - - - -
4. Xylose - - + + + + - - + + - +
5. Mannitol - + - - - - - + - - - -
6.  Raffinose - - - - - - - - - - - -
7. Inositol - - - - - - - - - - - -

(+) — positive; -(-), Negative
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The strains S2, S6, S12, S19, S25, S109

Ph;“‘“ypic Characterization of the Isolates and S110 showed positive result for casein and
i)

the strains S9, S18, S26, S28 and S111 showed
negative result (Plate: 3). The strains S6, S9, S12,
S19, S26, S28, S109, S110 and S111 were found
to be positive for gelatin and the strains S2, S18
and S25 showed negative result ( Plate:4).

The laccase enzyme assay was carried
out by using both starch casein nitrate agar with
guaiacol and peptone with guaiacol. Strains S2,
S6, S12, S18, S109, S110, and S111 do not show
positive results for any of the tests, suggesting
limited or different metabolic activities compared
to the others. The strains S9, S19, S25, S26 and
S28 showed reddish brown zones on starch casein
nitrate agar with guaiacol. In the peptone with
guaiacol medium greenish fluorescent culture
growth was observed ( Plate: 5).

Coantrol

Control

S

Plate 4. Gelatinase activity of the Isolates
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The laccase enzyme was partially purified
and the SDS-PAGE was performed for confirmation
of laccase which showed the molecular weight of
the laccase enzyme is nearing ~35 KDa to ~75 KDa
(Plate: 6).

The isolate was screened for DNA
isolation and a band was observed. The molecular
weight of the isolated strain was 1400 bp (Plate:
7).
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Isolation of DNA, Amplification and Sequencing
The phylogenetic analysis of 16Sr RNA
confirmed that the isolate showed similarities of
the genus Actinomyces(Fig. 1-3).
Dye degradation
The isolates that were laccase-positive
were selected for the dye decolorization. The azo
dyes chosen were reactive dye N-blue M2R, direct
dye Swiss pink, and orange ME2RL. Throughout

Table 4. Isolates Showing Various Hydrolytic Enzyme Activities

No. Strain Starch Casein Gelatin
Hydrolysis Hydrolysis Hydrolysis
1. S2 + + -
2. S6 + + +
3. S9 + - +
4. S12 + + +
5. S18 - - -
6. S19 + + +
7. S25 - + -
8. S26 + - +
9. S28 + - +
10. S109 + + +
11. S110 + + +
12. S111 + - +

(+)- Positive; (-)- Negative

Laccase enzyme activity of actinomycete isolate

Growth of isolates on starch
caesin nitrate agar with guaicol

control

Growth of isolates on peptone with guaicol

control

Plate 5. Laccase enzyme activity of actinomycets isolates
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the procedure, the absorbance and pH were checked
every 24 hours. The absorbance was measured
to determine the percentage of decolorization.
Strain S9 exhibited the highest percentage of
decolorization (66%) for both the reactive dye
N-blue M2R and the direct dye Swiss Pink (86%),
while strain S28 displayed the highest percentage
(52%) for orange ME2RL after 48 hours in a 50ul
dye concentration of all the isolates, these results
were obtained(Fig: 4-6)

After 120 hours, strain S9 showed higher
percentage of decolourization for reactive dye
N- blue M2R (86%) and direct dye swiss pink
(89%) and S25 showed higher percentage of
decolourization for orange ME2RL (70%) in 50ul
concentration of the dye (Fig: 7-9). The highest
percentage of decolourization was observed in
50pl concentrations of the dye compared to 70ul
and 100pl of dye concentration.

All the strains were checked for one step
and multi-step resistant mutant for the following
antibiotics streptomycin, rifampicin, gentamycin,
amoxycillin and chloramphenicol. All the strains
were resistant to gentamycin, chloramphenicol,
and amoxycillin at all concentrations. The strain
S19 showed sensitivity to 100 ul of streptomycin
concentration, and other strains S9, S25, S26, and

Protein Profile of the isolate (SDS - PAGE)

M - Marker
Lane 1, 2 - Isolate

Plate 6. Protein Profile of the Isolates (SDS-PAGE)
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S28 showed resistance to all the concentrations
of streptomycin. The strain S9 showed sensitivity
to 50 ul of rifampicin, and strain S19 showed
resistance to 50 ul of rifampicin concentration. In
the concentration of 800 ul, S25 showed sensitivity,
while S26 showed sensitivity from the 500 ul
concentration, and S28 showed sensitivity from the
600 ul concentration.The strains S9 and S19 were
taken for the protoplast fusion according to the
antibiotic mutant pattern (SOR-Str+x SI9R+Str-).
S9 was chosen for protoplast formation; after
protoplast formation, strain S9 was checked for
regeneration on starch casein nitrate agar and
regeneration medium. The growth was observed.

Following the preparation of the protoplast
lysate, growth observation was also performed
on strain S19. Since no growth was seen, more
actions were taken. To construct the protoplast
and protoplast lysate (S9 x S19) transformation,
polyethylene glycol (PEG) 4000 was utilized.
Following protoplast fusion, the merged strains
were grown on starch casein nitrate agar and R
medium, which has 50 ul of rifampicin and 100 ul
of streptomycin. It was noted that growth occurred
in both media. After being plated on the medium,

DNMNA Profile of the isolate

14
1 M)
| M)
| (Mhh

b0
]
]
0]

S(H)
| (M)

M-Marker
1, 2 - DNA Profile of the isolate

LANI

Plate 7. DNA Profile of the Isolates
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the control (which has no PEG 4000 and the other
has no lysate) showed no signs of growth on either
plate.

The fused strains (S9 x S19) were checked
for dye decolorization, and the percentage of
dye decolorization was calculated. In 24 hours,
the fused strains in SCNA medium showed a
higher percentage of decolorization for reactive
dye N-blue M2R (21%), direct dye Swiss pink
(14%), and orange ME2RL (21%) in 50 1 dye
concentration. After 48 hours, the fused strain
in starch casein nitrate agar showed a higher
percentage of decolorization for reactive dye
N-blue M2R (73%), direct dye Swiss pink (68%),
and for the dye orange ME2RL (53%), in 50 ul
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dye concentration (Fig.10-13). The fused strains
in the SCNA medium showed a higher percentage
of decolorization than the fused strains in the R
medium. Additionally, at concentrations of 70 and
100 ul, there was decolorization, but the proportion
of decolorization was lower than at the 50 ul
concentration.

DISCUSSION

In recent years, there has been a growing
interest in rare actinomycetes from uncharted
regions as potential sources of new biotic
compounds to facilitate genetic analysis, molecular
breeding, and the extraction of these organisms
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for the breakdown of enduring compounds, actinomycetes from coir waste, mangrove soil,
and an effective transformation system for littoral sediment, and beach water samples.
rare actinomycetes is necessary. Therefore, the = Actinomycetes were successfully recovered
study focused on the ability of protoplast-fused at a rate of 81% from the overall microbial
actinomycetes that produce laccase enzymes  population using the calcium carbonate method, as
to degrade dyes. Both the pretreatment and  demonstrated in the work of'*2!-22, which supports

untreatment methods were utilized to isolate its application.

Fig. 2. Cladogram
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Their statement timely validated our
investigation, as more colonies could only be
isolated when the calcium carbonate pretreatment
method was applied. Originally, pretreatment
methods were not appropriate for the isolation.
They used the oven method at 55°C for 15 minutes
and 100°C for 60 minutes. Because fewer colonies
were formed using the oven treatment method
than with calcium carbonate, it was shown to
be ineffective for isolating actinomycetes in the
current investigation 3%,
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The isolation process in the current
study utilized starch casein nitrate agar with
cycloheximide, nystatin, and rifampicin, following
the same procedure as previous studies***. Gram
staining results revealed the presence of gram-
positive actinomycetes. In the current research, all
the isolates were also found to be gram-positive.
Only a small number of actinomycetes genera
produce a melanin pigment that can spread,
whereas, in the current research, only one strain

has been observed to generate such a pigment
38

Fig. 3. Phylo Draw Results
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Fig. 4. Percentage of Decolorisation of Reactive Dye N-Blue M2R after 48 Hrs
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During the carbon utilization experiments,  and sucrose. In this study, all strains tested were
abundant growth of the actinomycete colonies  found to be positive for fructose and negative for
indicated that the isolates efficiently used the raffinose, with only a small number of strains
specific carbon source. The test results were  fermenting glucose and mannitol, consistent with
positive for fructose, meso-inositol, mannitol,  previous research. The isolates tested negative for
and glucose but negative for xylose, raffinose, inositol, while some strains fermented sucrose and
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xylose, showing different results. A small number  starch and casein. 80% of these isolates exhibited
of isolates were able to hydrolyze starch and activity in amylase, caseinase, and gelatinase,
gelatin, while a few strains were able to hydrolyze =~ which prompted our current research. In the current
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research, the majority of the strains tested positive
for starch, gelatin, and casein.

In this study, ** a combination of 0.04%
remazol brilliant blue R (RBBR), 0.04% polymeric
dye R-478, 0.01% guaiacol, and 0.5% tannic acid
employed to identify laccase enzyme *°. Out of
these indicators, guaiacol demonstrated more
favorable outcomes by yielding a brown hue.
Polymeric dye R-478, remazol brilliant blue R,
cinnamic acid, vanillic acid, ferulic acid, and
guaiacol was used in an agar medium with peptone
and glucose for laccase assay*. A clear zone around
colonies was observed when guaiacol was present
at a concentration of 1 mM. In this study, two
agar mediums were utilized, with strains showing
a reddish brown zone in starch casein nitrate agar
with guaiacol and appearing fluorescent green in
peptone guaiacol media without zone formation.
Starch casein nitrate agar medium with guaiacol
was found to be the most effective in screening
laccase assay among the two agar mediums *'.
The laccase enzyme assay performed on strains
from coir waste exhibited superior results when
compared to those from mangrove soil and beach
samples*.
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The isolated protein had a molecular
weight of about 35 KDa, which fell within the
range of 32 KDa to 75 KDa for other proteins**.
The dimeric form of laccase from Streptomyces
ipomoea has a molecular mass of 79 KDa, while
the monomeric form has a mass of44.7 KDa*.The
DNA molecular weight of actinomycetes ranges
from 600 bp to 1400 bp**#* . In the current research,
the actinomycetes DNA had a molecular weight of
about 1400 bp, which was confirmed. The analysis
of the isolated strains’ evolutionary relationships
indicated a resemblance to the genus Actinomyces,
by mirroring findings *°.

In a study, it was found that S. krainskii
SUK-5 achieved 95% and 87% decolorization of
Navy blue RX at 30-50 mg/1¥. However, doses
of 70-100 mg/1 were found to be harmful to the
organism. The complete decolorization of the dye
took around 24 and 48 hours for 30 and 50 mg/1
doses, respectively. Azo dyes experienced a lower
level of decolorization at higher concentration
levels compared to lower levels due to the lethal
impact of the higher concentration. The same
pattern was noticed in the current investigation.
In previous research, the most significant color
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removal was observed within 2 to 3 days, whereas
in our current study, it took 3 to 5 days to achieve
the greatest color removal of approximately 89%*.
The research provided clear guidance for selecting
the streptomycin and rifampicin-resistant and
sensitive strains for the protoplast fusion study (S9
R-Str+ x S19 R+Str-)*

It was observed the development *°of the
Streptomyces parvulus protoplast on the recovery
medium within 5 to 10 days *°. This analysis
revealed colonies on the regeneration medium and
starch casein nitrate agar medium after 6 days. The
researchers noticed a change when polyethylene
glycol was present, and they carried out their
transformation experiments according to their
established methods. Protoplasts and genetically
altered cells were cultivated on R medium and
starch casein nitrate agar in this investigation.
Growth was visible on both media after 4 days. The
successful inoculation on R medium, followed by
cloning the laccase gene’' from S. coelicolar into
S. lividans, resulting in efficient decolorization
of indigo dye by the purified laccase. Within
a 20-minute incubation period at 45°C, more
than 85% decolorization was achieved for the
dye. Using recombinant laccase, along with a
redox mediator and acetosyringone, led to a 90%
reduction indecolorization of azo dye orange-II
after 4 hours of incubation in various studies®>*,
In the current research, decolorization began after
24 hours, with a 70% decolorization rate achieved
within 48 hours by fused strains (cultivated on
starch casein nitrate agar). The fused strain grown
on starch casein nitrate agar medium exhibited a
greater proportion of discoloration in comparison
to the fused strain grown on R medium. Out of the
samples analyzed in this study, the coir waste, the
ability of isolates to produce laccase enzyme and
decolorize textile dyes was good. The above details
have provided improved satisfaction for continued
education.

CONCLUSION

Actinomycetes were found in mangrove
and coastal environments, displaying diverse
characteristics and strong enzyme-producing
abilities, particularly for proteases, lipases, and
cellulases. This suggests their potential in various
industrial applications, such as waste management

VANATHI et al., Biosci., Biotech. Res. Asia, Vol. 21(4), 1553-1573 (2024)

and bio-transformation. Some strains showed
efficient dye degradation capabilities, highlighting
their potential in bioremediation for treating
dye-contaminated wastewater. Different strains
exhibited varying efficiency in dye degradation,
emphasizing the need for further research. Certain
strains also displayed antibiotic resistance,
emphasizing the importance of managing resistance
in environmental microorganisms. Future research
should focus on optimizing enzyme synthesis and
dye breakdown processes, as well as understanding
genetic mechanisms behind antibiotic resistance, to
develop effective solutions. Exploring additional
applications, such as pharmaceuticals and advanced
bioremediation, could unlock more benefits from
these microbes.
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