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ABSTRACT

The enzymes are integral part of research, healthcare, agriculture and commercial industries with
their increasing demand for extended applications. Notable, the enzymes are unique biomolecule with
their role in catalysing biochemical reactions vital for physiology and commercial applications as well.
The role of enzymes in the commercial applications has grown tremendously during last few decades due
to many reasons such as specificity towards substrate, economical and most important eco-friendly. The
increasing demand of this biocatalyst posed a challenge to the researcher not only profile new enzymes
but also novel sources as well. This led to search of novel sources for various enzymes and profiling of
these enzymes in the different industrial applications. Among the six class of enzymes protease represent
one of most diverse and useful enzymes for proteolytic process in physiology and industry. Agro-
industrial based keratinous wastes are one of major grown challenge and lack of effective eco-friendly
mechanism to recycle is required immediately. In such scenario, keratinase enzymes are eco-friendly
option not only to recycle the waste but also produce commercially useful products. Keratinase is an
enzyme that breaks down keratin, a rigid protein found in hair, wool, and feathers, into amino acids.
Keratinase can be used in many industries for recycling of waste. Hence, there is growing demand of the
enzyme and novel sources as well. In this study a novel source as poultry was examine and profiled for the
novel source of proteases and application in the industry.
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Enzyme and enzyme action/Mechanism

The proteins that catalyse life are called enzymes. Families and superfamilies are groups of en-
zymes that share a common ancestor based on similarities in sequence and structure. The Enzyme Com-
mission manually classifies the molecular function of enzymes as their capacity to catalyse biological
events, and reliable methods for statistically comparing catalytic reactions are only now starting to
emerge (1). Enzymes are bio molecular with immense property to catalyse the biochemical reactions in
the biological milieu and industrial scale as well. Enzymes are unique to provide the products from a bio-
chemical reaction very specific to a substrate. In general, a chemical and biochemical reaction without
enzyme requires longer time and often did not get completed. The use of enzyme not only speeds up a
biochemical reaction but also provide a time scale for the yield of products (2). Oxidoreductases, transfer-
ases, hydrolases, lyases, isomerases, and ligases are the six primary types of enzymes. Each category cata-
lyzes a wide variety of unique reactions within their own category while carrying out a general sort of
reaction. Certain enzymes, referred to as apoenzymes, are dormant until they attach to a cofactor, which
causes the enzyme to become active. Metal ions (like zinc) or organic substances that bind to the enzyme
covalently or noncovalently can both be considered cofactors (3). A holoenzyme is the compound of an
apoenzyme and a cofactor. Proteins called enzymes are made up of one or more polypeptide chains con-
necting amino acids. The main structure of a polypeptide chain is this arrangement of amino acids. subse-
quently establishes the enzyme's three-dimensional structure, which includes the active site's form (1, 4).

Enzyme and their Sources

Since enzymes catalyse and coordinate the intricate events of cellular metabolism, they are vital
parts of all living things, including microbes, plants, and animals. Most enzymes used in commerce up to
the 1970s were from plant and animal sources. Enzymes derived from plants and animals were favoured
because they were thought to be free of the toxicity and contamination issues that were linked to enzymes
of microbial origin (5). At the time, bulk enzymes were often only utilized in the food processing sector.
But as demand increased and fermentation technology advanced, microbial enzymes' competitive price
was acknowledged, leading to their increased utilization. Compared with enzymes from plant and animal
sources, microbial enzymes have economic, technical and ethical advantages. In contrast to microbes,
which can typically be produced and extracted at the same site, animal and plant sources typically require
transportation to the extraction facility (3). Furthermore, commercially significant plant and animal
enzymes are frequently found in a single organ or tissue, making the remainder effectively a waste
product that must be disposed of. Lastly, while microbial enzymes are not affected by these issues,
enzymes derived from plant and animal sources exhibit significant yield variation and may only be
available during specific seasons (6).

Microbial enzymes

Since microbial enzymes are known to be essential metabolic catalysts, they are used in a wide
range of sectors and applications. Industrial enzymes have several industrial commercial applications and
a very broad end-use market. Enzymes are used in the production of more than 500 industrial items (7).
The increasing need for sustainable solutions is driving a steady increase in the demand for industrial
enzymes. One of the biggest and most practical sources of many enzymes has been and still is microbes.
Low catalytic efficiency, lack of enantiomeric specificity for chiral synthesis, high temperature, low pH,
and high pressure are some of the drawbacks of many industrial processes, including chemical synthesis
for the creation of chemicals and pharmaceuticals (8). Additionally, using organic solvents produces
pollutants and organic waste. Because enzymes operate in mild reaction conditions (temperature, pH, and
atmospheric conditions), do not require the protection of substrate functional groups, have a long half-life,
have a high degree of stereo-selectivity, produce reaction products that are stereo- and regiochemically
defined at an acceleration of 105 to 108 times, and work on unnatural substrates, they are more beneficial
for these applications. In addition, enzymes can be chemically and genetically altered to improve their
stability, substrate specificity, and particular activity (9). However, this issue can be resolved using a
variety of strategies, including the utilization of entire cells and cofactor recycling. Enzymes or complete
microbial cell catalysts are used in about 150 industrial processes (10).
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Although they have long been used extensively in the food and beverage sectors, biocatalysts are
now finding new uses in a variety of disciplines, including industrial chemistry. When used as catalysts for
any of the processes, biocatalysis uses whole microbial cells, cell extracts, pure enzymes, immobilized
cells, or immobilized enzymes. For processes of industrial, medicinal, and biotechnological importance,
enzymes are crucial (11). By 2010, the industrial enzymes market was worth $3.3 billion, and by 2015, it
is projected to be around 4.4 billion. Among them, technical enzymes are commonly employed as bulk
enzymes in the pulp and paper, detergent, textile, and biofuels sectors, among others. The two products
with the highest sales figures are leather and bioethanol. Revenues from technical enzymes were close to
$1.2 billion in 2011, and they are predicted to grow to $1.5 billion in 2015 and $1.7 billion in 2016 (12).
The market for biofuels (bioethanol) is anticipated to have the largest sales. By 2015, it is anticipated that
the use of enzymes in food and drink will total $1.3 billion.

Application of microbial enzymes

More than 60% of the enzyme market worldwide is made up of proteases. They are employed in
the manufacturing of agrochemicals, foods, detergents, leather, silk, and medications. They make up
around a quarter of all enzyme sales worldwide in laundry detergents (13). Enzymes are also being
utilized more in the textile sector to create cleaner procedures, use fewer raw materials, and generate less
waste. The most recent commercial developments are the use of laccases for textile bleaching and
decolorization of textile effluents, and cellulases for denim finishing. The use of lipases, xylanases, and
laccases in the pulp industry to remove pitch—hydrophobic wood components mostly triglycerides and
waxes—is another increasingly significant application of enzymes (14). Nippon Paper Industries uses a
Candida rugosa lipase to eliminate up to 90% of these substances. Enzymes have been successfully used
in place of chemicals in the leather processing industry to improve leather quality and lessen pollution in
the environment. Currently, this industry uses alkaline lipases from Bacillus strains that develop in
extremely alkaline environments in conjunction with other alkaline or neutral proteases (15). Despite
their long history of widespread use in textile applications, cellulases are currently receiving more
attention in the enzyme market due to their capacity to break down lignocellulosic feedstocks.

Poultry Industry as Source of enzyme

Globally, livestock output is rising quickly due to factors like population expansion, rising
affluence, and dietary and lifestyle changes. In addition to the continued growth in bovine and pork meat
output, the UN Food and Agriculture Organization (FAO) projects that the world's poultry production will
reach over 24.8 billion animals annually by 2030 and 37.0 billion by 2050 (1.7 kg carcass weight/animal)
(9, 11). The cyclic emptying of the various gastrointestinal tract regions causes rapid temporal changes in
the microbiota present in frequently used non-invasive samples, such as excreta and cloacal swabs. In the
chicken intestine, Firmicutes is the most prevalent phylum overall. The main bacterial taxa present in the
crop, gizzard, duodenum, and ileum are Lactobacillus, while Bifidobacterium and Enterobacter are also
frequently seen in the crop (13). There have also been reports of Escherichia and Enterococcus (phylum
Proteobacteria) and Clostridium, Ruminococcus, Streptococcus, Candidatus, and Arthromitus (phylum
Firmicutes) in the ileum (16).

Keratinase

Keratinases are essential for managing keratin waste because they are the only proteolytic
enzymes that can break down stubborn insoluble proteins (17). In recent decades, scientists have
concentrated on identifying keratinase producers as well as generating and describing keratinases. The
feed, fertilizer, leathering, detergent, cosmetic, and medical industries have all investigated the possible
uses of keratinases (18). Wool, feathers, and hair are examples of very stiff keratin wastes that can be
specially hydrolyzed by the special enzyme keratinase. These significant agroindustry byproducts are
produced annually in vast amounts throughout the world, but because of their tight structure and high
disulfide-bond content, they are challenging to dispose of. Many different types of bacteria, including
eukaryotic and prokaryotic ones, can manufacture keratinase (19). Decomposing feathers, poultry
manure, and slaughterhouse waste are among the keratin-rich habitats from which most of these
microbes are isolated. Another significant source of strains that produce keratinase is the marine
environment. Using samples of damaged feathers from saltwater shorelines, Herzog et al. found 50
distinct bacterial species that could break down keratin (20). Two keratinases were discovered to be
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produced by Bacillus amyloliquefaciens S13, which was isolated from maritime brown algae. Researchers
have discovered in recent years that keratinase-producing strains can also be found in animals (21).

Enzyme insight

The only class of proteases with a broad pH and temperature range that can completely break
down complex and resistant proteins are keratinases (EC 3.4.21). The capacity of keratinases to attach to
complex and insoluble substrates (hair, azokeratin, nails, horns, stratum corneum, collagen, elastin,
feathers, wool, and silk) sets them apart from other proteases (22, 23). The degree of keratin hydrolysis is
known to increase with adsorption capacity, even though the mechanism of enzyme adsorption is still
poorly understood. Following enzyme binding and disulfide link breaking, keratin undergoes a
conformational shift that makes many sites available for the enzymes' hydrolytic action (24, 25).
Keratinases are classified as serine-and metalloproteases or serine metalloproteases based on the
characteristics of their active site (26).

A class of proteases known as keratinases can break down keratin by cleaving its peptide links
(27). Despite being serine and metalloproteases that may break peptide bonds in peptide chains, the
discovered keratinases can detect hydrophobic substrates and have an impact on disulfide bonds. Most
keratinases need additional enzymes to break down the disulfide, and keratin degradation involves two
steps: peptide degradation and keratin peptide release. Reducing agents or disulfide reductases can
accelerate a reduction reaction (28). Other enzymes or substances are required to influence the disulfide
bonds and lessen the forces for keratin packing to make proteins accessible to the proteases, since most
keratinases are proteases that break peptide bonds (29). As a result, keratin degradation involves at least
two processes, including proteolysis and disulfide bond breaking (30). It has been shown that bacteria
and fungi break down keratins in rather different ways, with the exception that fungi also use mechanical
destruction (31).

POE: 1RGV POB: 353X

Figure 1: Representation of microbial keratinase enzyme structure and active forms (31).

Several conserved residues compose the active sites of keratinases, which are serine and
metalloproteases. Several keratinases' crystal structures show the structural underpinnings of their
action and offer guidance for creating more stable and effective enzymes for use in industry. It is also
possible to create homology models of different keratinases using these structures as a template (32). The
molecular weights of keratinase range from 20 to 130 kDa, according to the sequences that have been
entered into databases and the discovered enzymes. Since different enzymes have varying preferences for
pH, temperature, and substrates, there are many potential ideal conditions for enzymatic activity (33).
Getting the amino acid sequence of the recently discovered keratinases is a crucial endeavour since the
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classification of keratinases based on their amino acid sequence offers a distinct and transparent
perspective on their mechanism and function. Most of the research examined the ability of keratinases to
break peptide bonds, even though the impact of keratinase producers on disulfide bond breaking should
be quantified (34, 35). The enzymatic assay used several substrates to confirm the capacity to break down
keratin.

Application of Keratinase enzyme

Keratinases are produced by a variety of bacteria. They are effective at breaking the disulfide
bonds in keratin, which makes it easier to convert keratin from complex to simpler forms (36).
Keratinases are proteolytic enzymes that have a wide range of applications, including

Leather industry: Keratinases are used to gently remove hair from animal hides without the use of
strong chemicals. One of the world's oldest and fastest-growing businesses, the leather sector is crucial to
the modern economy. However, because leather processing involves the use of harmful compounds that
have a negative impact on both the environment and industrial plant workers, it is regarded as one of the
largest producers of pollution in the world (37).

Textile industry: Keratinases are used in the finishing treatment of textiles. Eighty-nine percent of the
proteolytic enzymes utilized in the detergent industry are alkaline proteases. In addition to exhibiting
stability and activity at higher pH levels and temperatures, enzymes that are suitable for use in detergents
must be compatible with other ingredients in the washing agents. One enzyme that may be used in the
laundry industry to remove compound stains without compromising the texture, fibers, or strength of
clothing is the alkaline keratinase from Paenibacillus woosongensis TKB2 (38).

Waste management: Keratinases are used to convert keratin-rich wastes, such as feathers from poultry,
into value-added products. Other uses for keratinases include the bioaugmentation of composting keratin-
rich waste, the alteration of the fundamental structure of fibers in wool or silk, the production of edible
bird nests, and other cosmetic goods. Pearl bleaching is one of the non-traditional uses (39). Organic
contaminants such free cells, mucus cells, and necrotic tissue may be present in the mounting layer during
the bead formation process. As a result, beads must be improved in quality before being sold. Gentle
bleaches, such as hydrogen peroxide, are commonly used to treat pearls. These bleaches can brighten the
pearls gently, but they can also cause color irregularities and counterbalance their coloring (16).

Pharmaceutical and biomedical industries: Keratinases are used in these industries due to their ability
to cleave peptides. In the cosmetics business, keratinases are also used to treat psoriasis, calluses,
keratinized and dry skin, acne, and other conditions (320. The pharmaceutical industry uses keratinases
primarily to improve the way fungicidal medications pass through the surface of keratinous nails. Fungal
infections are the primary cause of nail problems, which range from painful symptoms like nail dystrophy
to relatively benign conditions like pigmentation (21). Onychomycosis, a fungal infection of the nails, is
very difficult to treat and is typically treated with repeated monthly injections of corticosteroids and long-
term use of antifungal medications, which can have several negative effects, including liver damage and
rashes (39).

Detergent formulation: Keratinases are used in the formulation of detergents. Purified from this strain,
an alkaline B-keratinase (Brevicarnase) with a molecular mass of 83.2 kDa exhibited peak activity at pH
12.5 and 45 °C, respectively. In relation to keratin, the Km and Vmax values of (3-keratinase were found to
be 0.3 mg ml-1 and 4.5 pmol min-1 mg-1, respectively (40). At a concentration of 0.1%, the Brevicarnase
showed good thermo-stability and stability in the presence of oxidizing and bleaching agents, anionic and
non-ionic surfactants, EDTA, and compatibility with the tested commercial laundry detergents. When
tested on goat skin, the pure -keratinase showed dehairing properties but no collagen-degrading activity
(18).

Animal nutrients and protein supplements: Keratinases are used in the preparation of animal
nutrients and protein supplements. Keratin, a complex protein present in hard tissues such as hair,
feathers, nails, and wool in both humans and animals, is broken down by these proteolytic enzymes. To
make keratin appropriate for use in animal feed and protein supplements, keratinases break it down into
simpler forms (41).
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Feather meal processing: Keratinases are used in the processing of feather meal for feed and fertilizer.
Feathers, which make up 7-10% of chicken mass, are the primary waste product in the poultry industry.
Approximately 8.5 billion tonnes of poultry feathers were produced globally in 2012. About 90% of
feathers are made of keratin, with (-keratin making up the bulk (42). They also contain significant
amounts of proline, glutamic acid, serine, and tiny amounts of histidine, lysine, and methionine. One of the
largest waste byproducts of the chicken business and a significant contributor to environmental
contamination is the several million tonnes of feathers produced annually. Making feather meal, which can
be utilized as an ingredient in bioplastics, a raw material for the manufacturing of biodiesel, or animal
feed, is one way to value feather waste (43).

Sewage system obstructions: Keratinases are used to clean and treat obstructions in sewage systems.
Keratinases have been investigated for the treatment of highly contaminated industrial wastewaters,
notably molasses wastewater (MWW) from sugar factories, which contains melanoidins and other
dangerous chemicals (44). Conventional secondary aerobic and anaerobic biological treatments are
ineffective at decolorizing MWW because of high concentrations of contaminants and co-pollutants,
oxidation resistance, and frequently strong antimicrobial effects. In treated MWW (TMWW), melanoidins,
phenols, and caramel are the main colorants; the first category is the most prevalent (07).

Wool cleaning: Keratinases are used to clean wool. Wool, feathers, and hair are examples of very stiff
keratin wastes that can be specially hydrolysed by the special enzyme keratinase. These significant
agroindustry byproducts are produced annually in vast amounts throughout the world, but because of
their tight structure and high disulfide-bond content, they are challenging to dispose of (45).

Challenges and limitations

The key challenge with the keratinase enzyme is lack of high capacity and yielding source. The
microbes producing keratinase are yet of characterize where poultry industry is one. There are several
issues with the current methods used to characterize keratinases. The assays are not standardized in the
literature in terms of reaction conditions and substrates. The most common method used to measure
keratinase activity is a colorimetric assay that uses the commercially available derivative of wool, keratin
azure or azokeratin (sulfanilic acid-azokeratin (16). However, batch variability and the fact that the
chromogenic agents are only bound to the outer portion of the substrate compromises reproducibility.
Quantification of the soluble peptides generated by hydrolysis of keratin has also been used to determine
the effectiveness of keratinases on keratin substrates (46).

Future perspective

A sustainable and promising scope of microbes in production of keratinase is under investigated.
Because of its special and effective hydrolysis capacity, keratinase has demonstrated significant
importance and application potential in the biodegradation and recycling of keratin waste. Nevertheless,
the enzyme's intrinsic instability restricts its usefulness. Conventional keratin breakdown techniques,
including mechanical grinding, composting, incineration, and burial, release harmful gasses that are
detrimental to both land and marine life (47). The nutritional value of the amino acids produced by
keratin breakdown is decreased by the expensive and energy-intensive chemical treatment of keratin
wastes (acid/alkaline hydrolysis or treatment with oxidizing/reducing agents). By comparing the target
sequence (predicted structure) to fully defined enzymes, rational protein design can efficiently predict
and alter the residues that give rise to the enzyme's substrate and co-factor binding sites, thermostability,
and other particular functional features. One logical method in protein engineering for altering the
substrate selectivity of enzymes is site-directed mutagenesis.

CONCLUSION

Poultry is key source of various microbes both pathogenic and non-pathogenic. Among these the
useful microbes are being investigated for potential applications in various commercial industry. It is
commonly known that one of the main factors propelling the growth of bio-industrial sectors can be the
utilization of natural resources to identify possible microorganisms. We screened environmental samples
from the northeastern part of India, which is regarded as one of the world's greatest biodiversity zones,
for bacteria that produce alkaline protease (f-keratinase). In this study, we screen a soil sample from
Assam, North-east India, and isolate a promising bacterium, Brevibacillus sp. AS-S10-II, that produces
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alkaline B-keratinase. As far as we are aware, this is the first report on the synthesis and purification of
the Brevibacillus sp. 3-keratinase enzyme. Progressive research is ongoing to identifying and profiling
potential enzymes from the poultry industry.
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