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Metagenomics is an approach for directly analyzing the genomes of microbial

communities in the environment. The use of metagenomics to investigate novel

enzymes is critical because it allows researchers to acquire data on microbial

diversity, with a 99% success rate, and different kinds of genes encode an enzyme

that has yet to be found. Basic metagenomic approaches have been created and

are widely used in numerous studies. To promote the success of the advance

research, researchers, particularly young researchers, must have a fundamental

understanding of metagenomics. As a result, this review was conducted to

provide a thorough insight grasp of metagenomics. It also covers the

application and fundamental methods of metagenomics in the discovery of

novel enzymes, focusing on recent studies. Moreover, the significance of

novel biocatalysts anticipated from varied microbial metagenomes and their

relevance to future research for novel industrial applications, the ramifications

of Next-Generation Sequencing (NGS), sophisticated bio-informatic techniques,

and the prospects of the metagenomic approaches are discussed. The current

study additionally explores metagenomic research on enzyme exploration,

specifically for key enzymes like lipase, protease, and cellulase ofmicrobial origin.
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1 Introduction

Applications for biological enzymes and catalysts in biotechnology are quite promising.

They can be utilized for a wide range of things, including making chiral SYNTHONS in the

bio-pharmaceutical business, pulp and feed industry, and active components for laundry

detergents (Nazir and Harinarayanan, 2016). Further enhancing their use in the

biodegradation of natural polymers like starch, cellulose, proteins, and other

compounds is the flexible character of these biological enzymes. Beyond yeast and

filamentous fungus, there is currently little to no access to industrial enzymes and

biocatalysts. It is possible to look for acceptable natural biocatalysts while taking into

account enzymatic limitations by combining the discovery of microbial diversity with

in vitro evolution technologies (Ghosh et al., 2019).
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Every ecosystem on Earth is dominated by microbes. The

largest terrestrial and oceanic biomass are made up of microbial

communities, which include bacteria, fungi, archaea, and

protists. This prodigious microbial diversity can be seen in the

presence of approximately 166,244/24,249 (bacteria/fungi) and

49,102 bacteria operational taxonomic units (OTU) in the

Dryland and Scotland data sets, respectively (Alves et al.,

2018), and 25, 000 different microbial genotypes in just 1 mL.

The most intricate microbiome ecology is found in the rumen of

ruminants. It consists of several bacterial, fungal, archaeal, and

protozoan communities. Gram-negative and Gram-positive

bacteria make up around 1011 cells/ml of the rumen contents

among them. These obligate anaerobes’ enzymatic activity is

crucial for the disintegration of plant polymers into their

monomeric constituents, which then yield volatile fatty acids.

About 8%–20% of the total rumen microbial biomass is made up

of fungi. Hydrolytic enzymes are involved in the digestion of

plant fiber and are produced by anaerobic fungi found in the

rumen of herbivores. The diversity of microbial species

worldwide is thought to be enormous, although just 1% out of

which is laboratory cultivable. In this sense, such microbial

biomass should be seen as an endless source of genetic

innovation (Ghosh et al., 2019).

Unfortunately, a large variety of microorganisms still go

unnamed and are incapable of being grown in growth media.

Less than 1% of all the environmental microorganisms are

represented in the diversity data obtained by the culture-based

method. The drawback of the culture-based technique, which has

seen a dramatic rise in its use in recent years, has been addressed

by metagenomics. In metagenomics, DNA is directly retrieved

from the environmental sample without going through a

laboratory culturing process. A representative and thorough

result is obtained when the diversity of bacteria is analyzed

using DNA. Research on the microbial communities in the

human gut, sugarcane bagasse waste, and hypersaline

environments have all made use of metagenomics (Prayogo

et al., 2020).

To improve the insights into metagenomics, the concept of

metagenomics must be examined further. Increased research into

the knowledge of the microbial community and natural enzymes

is anticipated to be influenced by a thorough grasp of

metagenomics and its application. Therefore, the purpose of

this review is to talk about how metagenomics is being used

to discover new enzymes in nature. This review’s main goal is to

give readers a thorough understanding of metagenomics, its

fundamental methodology, and how it may be used to explore

enzymes, particularly in light of recent findings.

2 Metagenomics

Metagenomics, also known as ecological or community

genomics, has the unending potential to have a significant

impact on the development of bioactive, biomarkers,

polymers, medicines, and other different biotech products.

The functional screening and sequence-based analysis of

microbial bulk DNA from the moderate to extreme

environment are notably integrated into metagenomics (Bragg

and Tyson, 2014). The majority of environmental microbes

cannot be cultured. In addition, most of the enzyme and bio-

catalytic potential in these uncatalogued ambient microbial

consortia remains unavailable (Handelsman et al., 1998). Only

1%–10% of the microbial genomes are now accessible to us due to

the lack of metagenomics methods.

In fact, the development of the molecular metagenomic

approach gave scientists the ability to discover the genetic

insights into microbes that are present in various habitats,

regardless of cultivability, to use the target genes and genomes

for biotechnological purposes, and to functionally screen

FIGURE 1
Framework for metagenomics inculcates its two main
studies.
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microbial genome sequences in metagenomic libraries. This

could act as a collection of fresh enzymes and useful proteins

(Lear et al., 2018). In a metagenomic approach, bulk microbial

DNA is extracted from arbitrary environmental samples or

enrichment cultures, metagenomes are archived or cloned in

heterologous hosts, metagenomic libraries are produced, and

these libraries are then functionally screened for genes of interest

or DNA expression before being screened for interesting

enzymatic activities (Pucker et al., 2019). In this context, well

established metagenomic technologies are used to enable or

increase the inherent limitation of culture-based procedures

during isolation and cultivation.

Basic strategy to implement metagenomics study on any

aspect is depicted in Figure 1, which mainly comprises structural

metagenomics and functional metagenomics (Prayogo et al.,

2020). The study of structural metagenomics is concerned

with the composition of microbial communities.

Understanding the interactions between the various elements

that go into creating a community in a given context is the main

goal of the study of community structure. For the study of

ecology and biological processes, relationships between

community members provide crucial information (Woese

et al., 1985). Basic structural metagenomics techniques include

microbial community analysis such as taxonomic profiling, gene

prediction, and metabolic pathways, as well as assembly and

binning (Ghosh et al., 2019). A unique challenge in discovering

natural substances that can be used in the biotechnology sector is

the study of functional metagenomics. To find novel enzymes,

functional metagenomics uses several fundamental techniques,

including gene construction, screening, and gene expression.

These techniques can be followed by rigorous bioinformatic

analysis, including sequence digging, Pfam, structure

prediction, and phylogenetic analysis, as well as protein

product characterization, including analysis of protein activity

and optimal pH and temperature ranges.

Around late 1998, the groundwork for the metagenomics

approach solidified due to advances in genomics and molecular

biology (Handelsman et al., 1998). The microbiologists did not

agree unanimously with Staley and Konopka (1985) conclusions

that majority of microorganisms were unreachable. Later

research by Torsvik et al. (1990) gave compelling evidence

that methodologies relying on culturing could not capture the

whole spectrum of microorganisms. Further research by Torsvik

et al. (2002) has shown that just 1% of the world’s microbial

communities are represented by microorganisms that have been

cultivated and isolated to date. The development of microbiology

during that period was impacted by Woese’s hypothesis, which

was made in 1985 and claimed that the 16S rRNA transmits a

molecular clock with a high degree of functional permanence

(Woese et al., 1985). The 16s rRNA gene has been extensively

used for molecular characterization because of its size, multigene

content, and prevalence in all bacteria. The complete genomic

DNA was isolated, fractionated, and cloned into a bacteriophage

lambda vector using this method (Schmidt et al., 1991a). Despite

the extensive sophistication of the metagenomics technique, the

utilization of the metabolic and catalytic activities of microbial

consortia was insufficient. The enzymes, cellulase and xylanase

genes were discovered in 1995 by Healy et al. (1995) who built

functional-based screening of metagenomics libraries, sometimes

known as “zoo libraries”.

Metagenomic screening is a well-established method for

studying the genomic DNA of uncultured microorganisms

(Rondon et al., 2000; Cowan et al., 2005). The exploitation of

hidden microbial communities has been made possible by the

incorporation of potential advanced functional genomics, bio-

informatics tools, system and synthetic biology, and functional

screening methods like SIGEX (substrate induced gene

expression) (Uchiyama et al., 2005), METREX (metabolite

regulated expression) (Changhui, Jo, 2005), Next-Generation

Sequencing (NGS), and High Throughput Screening (HTS) in

a metagenomic study (Kumar et al., 2015). In other words, these

are essential additions to completely comprehend how microbial

communities function and how they interact within niches

(Woese et al., 1985). Globally accessible generation of

megabases of sequence data is now possible, thanks to the

NGS’s dramatically reduced operational costs. This has made

metagenomics possible everywhere.

As the first of its sort, Tyson et al., 2004 reported the

sequencing of 76 Mbp of DNA from an acid mine drainage

biofilm in 2004. The metabolic route of the biofilm community

was further illuminated by this work. It was discovered to be

more difficult to sequence metagenomic DNA from the Sargasso

Sea that was over one GBP in size (Tyson et al., 2004; Venter

et al., 2004). The Sargasso Sea metagenomic sequencing project

identified over 1.2 million putative genes, which further

demonstrated the innovative approach to gene discovery

(Cowan et al., 2005). However, the Sargasso Sea’s abundant

biodiversity and limited sequencing coverage made it difficult

to assemble the entire genome. Whole genome assembly may be

made possible by increased sequencing coverage and the use of

small, medium, and large insert libraries (Schmidt et al., 1991b;

Béjà, 2004; Cowan et al., 2005).

According to Madhavan et al. (2017), Function-based and

sequence-based metagenomic library screening are the two

fundamental methods that metagenomic technology uses to

screen biomolecules from environmental materials. In all

situations, the metagenomic libraries are created by cloning

genomic DNA fragments into the proper expression vectors,

such as plasmids, cosmids, lambda phages, or fosmids, depending

on the intended target gene size which allow the necessary genes

to be expressed (Figure 2); (Madhavan et al., 2017).

Sanger sequencing has been largely replaced as the primary

source of sequence data for metagenomics by the extensive use of

sophisticated, high-throughput NGS technology. NGS, in

contrast to Sanger Sequencing, may identify even extremely

rare and low-abundance bacteria from different metagenomes
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(Albertsen et al., 2013; Sims et al., 2014). Previously, classic

approaches used in metagenomics research and analysis included

denaturing gradient gel electrophoresis (DGGE) (Muyzer et al.,

1993), terminal restriction fragment length polymorphism

(T-RFLP) analysis (Fierer and Jackson, 2006), and Sanger

sequencing of a library of 16s rRNA gene clones (Lear et al.,

2018). The latter method was largely dominant in gaining access

to knowledge of the genetic makeup of microbes from varied

natural habitats. The potential of this strategy is increased by

using E. coli as the host cell (Kumar et al., 2015).

Sanger sequencing method span for more than three decades

followed by the development of the second-generation

sequencing technique called as next-generation sequencing”

(NGS). The second-generation sequencing approach uses

several technological platforms, including Roche/454, Ion

torrent, and Ilumina (Torsvik et al., 1990). Second-generation

sequencing has advantages over first-generation sequencing,

according to Bragg and Tyson (Torsvik et al., 2002), including

1) faster throughput, 2) lower operating costs, and 3) rapid

detection of sequencing findings without the need for

electrophoresis (Staley and Konopka, 1985). Despite being

adequately advanced, the second generation of sequencing

technology still has issues with costs, outcomes, and time that

should be improved which ultimately lead to the creation of third

generation of sequencing technology. Third-generation

sequencing is superior to second-generation sequencing in

many aspects, as it is quicker, less expensive, and requires no

PCR processing (Torsvik et al., 1990). The third-generation

sequencing approach uses the PacBio RS (Pacific Bioscience)

and Oxford Nanopore technology platforms (Staley and

Konopka, 1985). (Supplementary Table S1 shows a brief

comparison between the different sequencing platforms).

The lack of appropriate enzymes and an appropriate host for

effective gene expression were some of the limitations for various

bio-transformation processes until recently, even though this

metagenomics approach has greatly proven to be effective in

unlocking the microbial world and obtaining an arsenal of multi-

functional enzymes. Similarly, some of the crucial key problems

with activity-based metagenomics screening when dealing with

natural genomic heterogeneity and cross-strain assemblies are

low sensitivity and low throughput (Staley and Konopka, 1985).

The timely analysis is being overcome by the sequencing data

extracted from the metagenomic database (Rashid and Stingl,

2015). To gain a deeper understanding of biological identity

within a single cell, fluorescence-activated cell sorting (FACS),

phenotypic micro-array (PM) (Culligan et al., 2014), community

isotype array (CIArray) (Tourlousse et al., 2013a), fluorescence in

situ hybridization (FISH), and fluorescence microscopy are

helpful tools (Mircea et al., 2007). High throughput screening

techniques like SIGEX (substrate-induced gene expression)

(Schmidt et al., 1991b), PIGEX (product-induced gene

expression) (Taku and Kentaro, 2010), and METREX

(metabolite-regulated expression) (Healy et al., 1995) have

also shown to be highly effective in overcoming the

aforementioned restrictions. There is currently no established

gold standard for the analysis of metagenomic data.

3 Various tactics for metagenomics
analysis

In metagenomics study, method choice is a very crucial

strategy. In essence, the method is split into two categories:

molecular methods and bioinformatics methods.

FIGURE 2
General strategies for enzyme mining using metagenomic screening.

Frontiers in Systems Biology frontiersin.org04

Patel et al. 10.3389/fsysb.2022.1046230

https://www.frontiersin.org/journals/systems-biology
https://www.frontiersin.org
https://doi.org/10.3389/fsysb.2022.1046230


3.1 Molecular approach

The study of metagenomics uses the metagenome, or

genome, of an environmental community or specific

environmental niches as its research problem focusing on

specific biological question which differs marginally from

genome-based individual investigations (single genome). In

metagenome, direct DNA extraction from ambient samples is

being done and the process/techniques could be varied

depending on the kind of research sample being employed.

(Tourlousse et al., 2013b). The simplest way is to extract

metagenomic DNA using commercial kits, which simply

require reagents and the standard procedure to be followed

that the manufacturer has provided and it consumes less time

(Diniz and Canduri, 2017). Researchers most frequently use the

PowerSoil and DNeasy PowerMax (Qiagen) kits to analyze soil

samples, whereas the DNeasy Blood and Tissue Kits (Qiagen) kits

to analyze seawater and groundwater samples. As a result of their

greater time efficiency, kits are preferred by researchers, though

certain research framework that follows their lab established

protocols leads to greater findings with specific objectivity. The

success of the subsequent stage will depend on the outcome of the

metagenomic DNA extraction process, which is a critical step. A

precise DNA size must be produced during metagenome

extraction. Fragments utilized for metagenome analysis

typically range in size from 600 bp to 25 kbp. The extracted

sample will not be suitable for additional metagenomic analysis

due to poor results. Therefore, the following needs to be taken

into consideration: avoid physical interference with genetic

material and avoid protein, humic acid, and metal

contamination. The pH, mineral content, and type of soil are

other variables that could influence the outcome of DNA

extraction.

The purity and concentration of extracted metagenomic

DNA plays a very important role in further experimentation

part. Three techniques are widely utilized, i.e., UV absorbance,

fluorescence staining, and the di-phenylamine reaction, to

determine the DNA concentrations and purity values

(Mehmood et al., 2014). The most common and frequently

used technique by researchers to determine the DNA’s

content and purity is the UV absorbance method due to its

simplicity, applicability, and low cost (Healy et al., 1995). To

confer the proper metagenomic DNA standards, researchers

usually judge the ratio of 260/230 which detect the proteins,

guanidine HCL, EDTA, lipids, phenols, and salt compounds.

Results for DNA purity can be worsened by contaminants,

i.e., humic acid and protein which are the most frequent

contaminants in metagenome samples (Lucena-Aguilar et al.,

2016). Protein and phenol pollutants typically have absorption

values that are less than 1.6, at 260/280. Meanwhile, if the 260/

280 absorption ratio value is more than 2.0, RNA contamination

of DNA is present (Escuder-Rodríguez et al., 2018). A common

qualitative technique for separating, determining sizes and

purifying nucleic acids is gel electrophoresis (Schröder et al.,

2014; Tiwari et al., 2018; Paula et al., 2019).

The 16S rRNA genes are quite conservative and frequently

used as a benchmark when creating taxonomies. Prokaryotes

typically include 35% protein and 65% rRNA (ribosome-

ribonucleic Acid). The large subunits (LSU) (the 50S), which

include two rRNA molecules (5S and 23S), and small subunits

(SSU) (30S), which contain a single rRNA molecule (16S), make

up each bacterial ribosome (Tavano et al., 2018). Prokaryotic

organisms are classified, identified, and grouped employing the

16S rRNA region as a reference for taxonomy profiling studies

(Razzaq et al., 2019). The 16S rRNA have nine sections known as

hypervariable regions (V1-V9) with a combined length of

roughly 1,500 bp to make up this gene and the variety of

prokaryotic organisms can be distinguished by these nine

zones. Genus and species readings can typically be

distinguished at a minimum level of 95% for the genus and

97% for the species, whereas strain readings can typically be

distinguished at a minimum level of 99% (Devi et al., 2016). In

metagenomic research, the V2-V3 region is typically a great place

to employ a gene marker. However, several scientists have used

alternative target regions in the 16S rRNA gene’s V region to

study the diversity of microorganisms. There are three factors

that make 16 rRNAs an acceptable marker for taxonomy

profiling: 1) all prokaryotic organisms have 16 rRNA genes; 2)

lateral gene transfer is virtually unheard of; and 3) the

conservative ribosomal protein structure makes the sequence

very durable (Tavano et al., 2018).

3.2 Bioinformatics approach

The analysis of metagenomics relies heavily on profound

bioinformatics analysis. Utilization of bioinformatics tools

depends on exploration goals; a proper biological question

and the type of analysis being hypothesized. Various online

tools, standalone software and server are employed for the

assessment of microbial diversity, network analysis, metabolic

pathway mapping and functional analysis. Some of the handy

examples includes, MG-RAST, EBI, RDP, QIIME, MOTHUR,

SqueezeMeta etc., as well as the approach to analyze the

metagenome sequence data is also different depending on

what type of output or results that researchers are looking up

to materialize. Several approaches which are used frequently

during analysis includes assembly generation, binning, sequence

analysis, Pfam and many more.

3.2.1 Assembly
Assembly is the process of reassembling small meta-genome

readings into a lengthy sequence called Contigs. Assembly

employs one of two commonly used approaches,

overlap–layout–consensus (OLC) or the de Bruijn graph

(López-López et al., 2014), although some researchers have
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created and successfully employed assembly methods such as

hybrid and iterative joining (Kaur et al., 2016). The de Bruijn

graph, on the other hand, is the most widely used approach,

moreover it is less expensive than OLC since it does not require

pairwise comparisons. BBAP, Genovo, MegaGT, and MEGAHIT

etc., are some of the bioinformatic tools that can be utilized in

assembly (Hårdeman and Sjöling, 2007).

3.2.2 Binning
Binning is the process of clustering sequences created during

the assembly process. Binning classifies sequences known as

contigs to represent a biological taxon. This approach is used

after raw sequence reads have been assembled into contigs.

MetaWatt and CONCOCT are two software alternatives for

binning analysis. MetaWatt provides more accuracy than

existing approaches and is easier to use, while CONCOCT,

has great precision and can group together complex microbial

communities (Prayogo et al., 2020).

3.2.3 Sequence analysis
Brief understanding reveals that the process of detecting

sections of the same biological sequence is known as

sequence analysis which includes simple alignment and

multiple alignments. A simple alignment is defined as the

alignment of two sequences, whereas multiple alignments are

defined as the alignment of more than two sequences

(Tourlousse et al., 2013b). Most versatile example is

application of BLAST (Basic Local Alignment Tool), a

technique for comparing sequences from distinct

organisms and alignment’s score is assigned an

expectation value (E value), which is a statistical

significance metric (Mircea et al., 2007).

3.2.4 Pfam analysis
Pfam is a database of curated protein families, which is

defined by double alignments and a profile hidden Markov

model (HMM). Profile HMMs are probabilistic models used

for the statistical inference of homology built from an aligned set

of curator-defined family-representative sequences. The

common purpose of the Pfam database is to provide a

complete and accurate classification of protein families and

domains. (Taku and Kentaro, 2010).

3.2.5 Protein structure prediction analysis
Sequence of amino acids are central to the design of

proteins which is essentially divided into secondary,

tertiary, and quaternary structures. The basic structure is

dictated by the sequence of genes that encode it. Perception

of protein structure greatly helps to understand its crucial

function and its significance. Bioinformatics prediction study

of protein structure can aid in understanding the physical

properties of a protein and its functions at advance level (Jia

et al., 2013).

3.2.6 Phylogenetic analysis
The term “phylogenetic analysis of functional

metagenomics” refers to processes that are used to rebuild the

evolutionary links between groups of protein molecules and to

anticipate specific properties of a molecule. The likelihood

approaches, parsimony methods, and distance methods are

used to create phylogenetic trees. There is no perfect method,

and each has its own set of advantages and disadvantages. MEGA

(Molecular Evolutionary Genetics Analysis), MOLPHY, and

PHYLIP are examples of phylogenetic analysis tools

(Lappalainen et al., 2013).

4 Novel enzyme exploration using a
metagenomic method

Specially designed organic molecules are produced by all

living organisms, ranging from large gene-encoded peptides to

small volatile chemicals, which have evolved over the years. As

natural products, they are highly desirable in the field of

medicine, agriculture, nutrition, and industries. The

tremendous progress in the field of genomics has revealed

that the metabolic capacity of virtually all organisms is hugely

underappreciated. Focusing mainly in bacteria and fungi,

genome mining technologies have now accelerated towards

metabolite discovery. Recent efforts are now towards all life

forms, including protists, plants and animals, and advanced

integrative omics technologies are enabling effective mining of

this molecular diversity.

Plethora of information can be extracted from a genome

sequence. It can range from function to conserved patterns or

signatures and even the (predicted) structure. It is assumed that

many valuable enzymatic details still have to be found among

wild-type enzymes resulting from years of natural evolution. To

explore these uncharacterized enzymes, new ways are required.

In this context, modern bioinformatic tools and genome mining

can help for the discovery of new biocatalysts. Moreover, the

profiling and characterization of new enzymes will provide more

activity-attributed sequences, thereby increasing the data of

reference sequences available to determine novel biocatalysts

by sequence comparison methods. The interdisciplinary

nature of natural products will culminate the fields of

chemistry, biology, informatics, and medicine and help to

expand the role of genome mining in discovery of novel

organic substances. In the past, research on enzyme

exploration still relied on conventional techniques, such as

cultivating microorganisms on growth media. But as

technology advances, scientists are now able to investigate

novel enzymes without cultivating them on growth media.

The enzymes like lipase, protease, and cellulose etc., are

crucial for industrial operations (Culligan et al., 2014).

The discovery of novel enzymes is valuable as it helps to

perceive enzyme evolution, enzyme structure, function, basic
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mechanisms of catalysis, as well as identification of novel protein

folds. Novel enzymes can be pillars in catalyzing industrial

chemical synthesis reactions, ultimately providing ‘clean’

options for chemical synthesis at large-scale. Presently there is

need of highly robust enzymes in many different industries like

pharmaceutical and agricultural industries. The expansion of the

repertoire of known enzymes, both for research and industrial

applications, is currently the subject of immense interest.

Additionally, the vast amount of DNA sequence data

generated can be exploited for other areas such as medicinal

chemistry, characterization of human physiological processes,

the identification and validation of new drug targets in human

pathogens, and the discovery of new chemical entities (NCEsa)

from natural sources. It can also become a steppingstone for

synthesizing new drugs.

4.1 Lipase

The hydrolytic breakage of ester bonds between carboxylic

acids and alcohol groups is catalyzed by the enzymes known as

lipases (Culligan et al., 2014). The detergent, food, biodiesel, and

bioremediation sectors all use this enzyme. The most well-known

producers of bacterial lipases are Bacillus spp. including B.

acidophilus, B. licheniformis, B. pumilus, and B. subtilis

(Cowan et al., 2005; Uchiyama et al., 2005; Tourlousse et al.,

2013b). Currently, scientists are competing to investigate more

organisms that may be able to produce stronger lipase. Using a

functional metagenomic approach, Hardeman and Sjoling

(Mircea et al., 2007) discovered the h1Lip1 gene, which shares

a 54% similarity with the lipase of Pseudomonas putida and

optimally active at 35°C (low temperature). In general, the

highest lipase character at low temperatures is appropriate for

the cold washing process in detergents, according to Lopez-López

et al. (Culligan et al., 2014). Additionally, many additional

enzymes found in the metagenome library have special

biochemical properties that make them useful for commercial

applications like a solvent-resistant enzyme is one illustration,

and soil detergents are tainted with petroleum hydrocarbons

(Lear et al., 2018).

4.2 Protease

Enzymes called proteases break down peptide bonds in

amino acid chains. The detergent, pharmaceutical, food, and

beverage sectors all use this enzyme (López-López et al., 2014).

Bacillus sp. is currently the addressed as the most well-known

protease producer in the industrial sector (Kaur et al., 2016). The

growth of metagenomic technology makes it possible to look for

additional creatures/sources that may be potentially more

effective. Devi et al. (2016) reported the protease enzyme from

organic waste, encoded by the Prt1A gene and it behaves best

around 55°C. Later on, Pessoa et al. (2017) identified a gene that

produces proteases that are most active at 60°C and favorable to

work at most o the industrial process.

4.3 Cellulase

A set of enzymes known as cellulases catalyze the breakdown

of cellulose polymers into simpler sugars (Tavano et al., 2018).

TABLE 1 Depicts a list of different enzymes that are mined using the functional metagenomic analysis approach.

Enzyme name Source Identified from/Method of
mining used

Applications References

LipCE Oil-contaminated soil 91%, Pseudomonas fluorescens B68 Hydrolysis of pNP-phenyl ester of
ibuprofen

Chow et al. (2012)

LipS Soil 100%, Symbiobacterium thermophilum Synthesis of ethyl esters Elend et al. (2007)

Lip906 Mangrove soil 34%, Streptomyces sp 34%, Streptomyces sp Tang et al. (2017)

LipG9 Fat-contaminated soil 96%, Aeromonas veronii B565 Synthesis of ethyl esters Alnoch et al. (2015)

Lip-1 Hot spring — Synthesis of biodiesel Yan et al. (2017)

endoglucanase
(Cel5Rα)

soil Functional metagenomics — Garg et al. (2016)

cellulase (CelDZ1) outflow of a hot spring in
Grensdalur, Iceland

Shotgun metagenomics — Zarafeta et al.
(2016)

cellulase (CelA2,
CelA3)

biogas plant Functional metagenomics — Ilmberger et al.
(2012)

β-glucosidase Soils from wetland Function based method — Kim et al. (2007)

Endoglucanase Aquatic community and soil Function based method — Pottkämper et al.
(2009)
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The detergents, processing of cotton, and the paper sector can all

be benefited from this enzyme (Tavano et al., 2018). Aspergillus

sp. Has been identified as an entity with strong cellulase activity

through standard exploration of cellulase enzymes (Pessoa et al.,

2017). However, metagenomic techniques show that cellulase

enzymes are broadly distributed in a variety of creature types.

Many genera were discovered in bamboo paper manufacturing

facilities with high cellulose conditions. While, previous

investigations showed that the genes producing the cellulase

enzyme were also present in the microbial communities of

bagasse waste and the human intestinal microbial community.

Currently, many researchers are digging the hot springs, other

high-temperature situations and harsh conditions (Pessoa et al.,

2017) to obtain the cellulase enzyme which worked best at high

temperature (thermostable).

4.4 Other enzymes

Researchers have discovered several enzymes from

metagenome sources that are commercially available and on

processes. Table 1 depicts a list of different enzymes that are

mined using the functional metagenomic analysis approach. A

new bleomycin resistance dioxygenase (BRPD) was recently

identified from polluted agricultural soil through metagenomic

approach (Taku and Kentaro, 2010) which catalyze the breakdown

of hydrocarbon substrates like pesticides, it serves a purpose in the

bioremediation process. Furthermore, Berini et al. (Jia et al., 2013)

discovered the 53D1 gene, which encodes chitinases that may be

exploited to manage plant pests, Lepidoptera Bombyx mori. AHL-

lactonase (Zhang et al., 2021), a transaminase used in the

pharmaceutical industry (Madhavan et al., 2017), oxoflavin-

degrading enzyme used in agriculture (Lappalainen et al., 2013)

as well many other enzymes originating frommetagenome sources

have also been revealed in recent investigations.

5 Conclusion

Metagenomics is a potential area of research, and to study in

vivo imprints of microbial genomics. The information acquired

from the metagenomic library is critical for investigating the

potential of diverse microbial enzymatic networks and

correlating sequence data to molecular structure and

functional features. The multifunctional properties of novel

biocatalysts discovered using a metagenomic approach will

undeniably fascinate the scientific community and industrial

specialists interested in white and red biotechnology. The ease

of access to numerous methods for extracting DNA from varied

environments, the reduction in sequencing costs, advancements

in NGS platforms, and readily available bio-analytical algorithms

and simulation tools have propelled metagenomics into an

exciting new phase. Using a metagenomic method, researchers

discovered several unique enzymes from nature, including

cellulases, proteases, lipases, and other enzymes such as

BRPD, chitinases, oxoflavin-degrading enzymes,

transaminases, and AHL-lactonase that are valuable to

industry. Despite significant developments in functional

screening capabilities, the characterization of most biocatalysts

at an industrial scale remains a key hurdle to their discovery. To

some extent, the introduction of a diverse variety of different host

vectors could relieve the issue of heterologous expression of

metagenomic DNA in functional screening. Metagenomic

understanding and application are predicted to have an

impact on the development of technology that is valuable to

humanity.
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