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Abstract

The precise identification of microbial strains that produce enzymes of industrial
importance, such as pectinase, is crucial for specific biotechnological uses. This study
highlights the function of pectinase in many industrial processes, adding to the expanding
area of microbial enzyme technology. In this research, effective bacterial isolates that
produce pectinase were characterized at the molecular level using 16S rRNA gene
sequencing. Genomic DNA was extracted from chosen isolates derived from decomposed
fruit and vegetable materials, which was then amplified through PCR and analyzed with
agarose gel electrophoresis. The sequencing of the amplified products and subsequent
BLAST analysis indicated that the isolates S1C1 and S3C3 were identified as Priestia flexa
(previously known as Bacillus flexus) and Bacillus subtilis, respectively, exhibiting more than
98% sequence similarity. These results not only validate the taxonomic identity of high-
performing strains identified in pectinolytic assays but also emphasize the importance of
molecular tools in microbial classification and enzyme biotechnology. Pectinase enzymes are
essential for a number of industrial processes, such as waste management, textile
manufacturing, and food processing. The results indicate possible uses in commercial
enterprises and emphasize the importance of microbial sources in sustainable enzyme
synthesis.
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1. Introduction

Microbial enzymes are essential to industrial biotechnology because of their vast range of
applications, great efficiency, and affordability (Raveendran et al., 2018). Pectinases are an
important class of enzymes that are involved in the hydrolysis of pectic materials found in
plant cell walls (Garg et al., 2016). The capacity of these enzymes to increase juice output,
decrease viscosity, and aid in fabric bioscouring and paper pulp clarity makes them widely
used in the food processing, textile, and paper industry identification (Kohli & Gupta, 2015).

The selection of strains with established industrial significance and for subsequent genetic
or process optimization depend on accurate species-level identification, even though
preliminary screening and activity testing can aid in the identification of possible enzyme-
producing strains (Sohail & Latif, 2016). In terms of precision and repeatability, conventional
biochemical and morphological identification methods frequently fail (Clarridge, 2004).
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Consequently, molecular characterization—specifically, 16S rRNA gene sequencing—has
emerged as the gold standard for identifying microorganisms (Weisburg et al., 1991).

The current work focuses on the molecular identification of bacterial isolates that produce
pectinase that were extracted from samples of degraded food (Akbar & Prasuna, 2018)..
Two strains that showed promise after microbial isolation and screening were chosen for
DNA extraction, PCR amplification, and sequence-based identification (Wilson, 2001).
Validating and establishing these isolates' phylogenetic identification was intended to
promote their potential industrial uses in the future (Parte et al., 2020).

Phylogenetic analysis and DNA sequencing were used for molecular characterisation, which
assisted in identifying strong strains with significant industrial potential (Bhat, 2000).
The study emphasizes the benefits of microbial pectinase over traditional chemical
procedures, highlighting the economical and environmentally beneficial manufacturing of
enzymes (Sharma et al., 2013).

Microbial pectinase may be a sustainable substitute for manmade chemicals in a number of
sectors, according to the research (Garg et al., 2016). Additional investigation into genetic
changes, enzyme stability, and large-scale production might improve its economic
feasibility. This work advances our understanding of microbial enzyme biotechnology and
opens the door to new uses in environmental, agricultural, and food management (Bhat,
2000).

Since the biochemical characteristics, stability, and commercial applicability of enzymes can
differ greatly between species and even strains, precise microbial identification is essential
in enzyme applications (Rehman et al., 2012). Selecting strains with high activity, suitable pH
and temperature tolerance, and low pathogenic hazards is made easier by determining the
microbial source, which also guarantees consistency in enzyme output (Soares et al., 1999)
Microbial categorization has historically been done using biochemical techniques such
substrate usage patterns, catalase/oxidase assays, and Gram staining. These techniques,
however, are frequently imprecise, time-consuming, and might not be able to differentiate
between closely related species or strains that exhibit comparable traits (Clarridge, 2004).
Molecular methods like 16S rRNA gene sequencing and PCR have revolutionized microbial
identification because they yield fast, accurate, and reproducible results (Weisburg et al.,
1991).. These techniques provide scientists a high level of confidence when identifying
organisms at the genus and species level, even in populations that are mixed or
unculturable (Clarridge,2004).
Employing molecular methods ensures the selection of reliable strains for large-scale
enzyme production and permits traceability and quality control in industrial operations
(Benson et al., 2013).
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2. Materials & Methods

2.1 Genomic DNA Extraction

Two very effective bacterial isolates (S1C1 and S3C3) that had been previously discovered by
pectinase activity screening had their genomic DNA extracted (Wilson, 2001). To pellet the
cells, overnight cultures were centrifuged for five minutes at 5000 rpm. The pellets were
incubated for 10 minutes at 37°C after being reconstituted in 400 pL of lysis buffer. After
that, 200—300 pL of 10% SDS was added, and the mixture was incubated in a water bath at
60-65°C for ten minutes. After ten minutes of snap-freezing at -20°C, 500 pL of Trizol
reagent was added to the samples (Sambrook & Russell, 2001).

Following a thorough centrifugation and mixing process, the top aqueous phase was moved
to new tubes. After precipitating DNA with an equivalent amount of cold isopropanol, the
mixture was incubated for one hour at -20°C. Following a final 70% ethanol wash, the dried
pellet was reconstituted in 40-50 uL of water devoid of nuclease and kept at -20°C (Wilson,
2001).

2.2 Agarose Gel Electrophoresis

The quality of the isolated DNA was assessed using 1X TAE buffer and 1% agarose gel
electrophoresis. The staining dye employed was ethidium bromide (EtBr) (Maniatis, Fritsch,
& Sambrook, 1982). Alongside a DNA ladder, samples were loaded into gel wells after being
combined with 5X loading dye.The electrophoresis was run for 30 to 45 minutes at 70V.
Under UV transillumination, bands of DNA were visible (Sambrook & Russell, 2001).

2.3 PCR Amplification of 16S rRNA Gene

Using both forward and reverse universal bacterial primers, the 16S rRNA gene was
amplified (Weisburg et al., 1991). With four microliters of DNA template, one microliter of
each of the forward and reverse primers, one microliter of dNTP mix, 0.2 microliters of Taq
DNA polymerase, 2.5 10X PCR buffer, and 15.3 microliters of deionized water, a reaction
mixture of 25 microliters was made for every sample. The following were the thermal
cycling conditions:

First denaturation: 4 minutes at 94°C

Thirty cycles of:

Denaturation: 1 minute at 94°C

Annealing: 30 seconds at 50—65°C

Extension: 1.5 minutes at 72°C

Final extension: 10 minutes at 72°C

Last hold: 4°C

As previously mentioned, electrophoresis on a 1% agarose gel was used to validate the
amplified results (Sambrook & Russell, 2001).

2.4 DNA Sequencing and BLAST Analysis

After purification, PCR products were put to Sanger sequencing (Weisburg et al., 1991). The
NCBI's Basic Local Alignment Search Tool (BLAST) was used to identify the resultant
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nucleotide sequences (Altschul et al., 1990). The acquired sequences were compared to the
GenBank database's list of known bacterial 16S rRNA gene sequences (Benson et al., 2013)..
The isolates were chosen on the basis of the highest query coverage and sequence identity
percentages.

3. Results & Discussion

3.1 Genomic DNA Extraction and Quality Assessment

Both bacterial isolates (S1C1 and S3C3)(Fig 4.1) had their genomic DNA efficiently recovered
by combining chemical lysis and precipitation techniques (Wilson, 2001). Under UV light,
clear and unbroken DNA bands were seen after electrophoresis on a 1% agarose gel (Fig.
4.2), suggesting that the DNA was of excellent quality and fit for further molecular study
(Sambrook & Russell, 2001).

3.2 PCR Amplification of 16S rRNA Gene

The 16S rRNA gene was amplified by PCR using universal primers and the extracted DNA
served as a template (Weisburg et al., 1991). Both isolates had separate bands of around
1500 bp, according to agar gel electrophoresis of the PCR results (Fig. 4.3), which is in line
with the size of the 16S rRNA gene fragment that is predicted. These outcomes verified that
the amplification was effective and that it was suitable for sequencing (Clarridge, 2004).

3.3 Sequencing and BLAST Analysis

High-quality readings were obtained by sequencing the PCR products (Fig 4.4), and they
were then examined using BLAST on the NCBI database (Altschul et al., 1990).. The isolates
S1C1 and S3C3 demonstrated 99.6% and 99% similarity with Priestia flexa (formerly Bacillus
flexus) and Bacillus subtilis, respectively (Fig. 4.5a and Fig. 4.5b) (Parte et al., 2020). These
correspondences verify both strains' species-level taxonomy and evolutionary identities.

3.4 Phylogenetic and Industrial Relevance

Priestia flexa and Bacillus subtilis were identified in accordance with previous research that
found these organisms to be strong makers of pectinases and other industrially important
enzymes (Rehman et al., 2012). Furthermore demonstrating the significance of molecular
technologies for taxonomic accuracy is their reclassification and tight phylogenetic
connection within the Bacillaceae family, particularly in light of Molecular characterisation
guarantees strain traceability, promotes additional genetic or metabolic research, and
supports the findings of enzymatic assays and early screening (Garg et al., 2016). It
highlights the significance of molecular biology methods in the creation of microbial strains
and contemporary enzyme biotechnology (Parte et al., 2020).
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Fig 3.1 DNA Extraction

Fig 3.2 Gel Electrophoresis
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Fig 3.5(a) BLAST S1C1

Fig 3.5(b)BLAST S1C3

4. Conclusion

The current work effectively identified and characterized two strong pectinase-producing
bacterial strains that were isolated from samples of degraded food using molecular biology
techniques (Soares et al., 1999). By using BLAST analysis, PCR amplification of the 16S rRNA
gene, and genomic DNA extraction, the isolates S1C1 and S3C3 were definitively identified
as Bacillus subtilis and Priestia flexa, respectively (Weisburg et al., 1991; Altschul et al.,
1990). These results confirm the isolates' enzymatic potential, which was previously
determined using screening methods and activity tests (Kohli & Gupta, 2015). Molecular
methods like 16S rRNA sequencing are integrated to improve strain validation, give
taxonomic accuracy, and aid in the development of industrial microbial applications
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(Clarridge, 2004). Priestia flexa and Bacillus subtilis are dependable and pertinent as
sustainable microbial resources for biotechnological enterprises that use pectinase
enzymes, as demonstrated by our molecular analysis (Dekker & Richards, 1976 ; Parte et al.,

2020).
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