Review Article

//

The importance of proteolytic enzymes: Revisiting to era

'Department of Pharmaceutical Analysis,
Shri Bhagwan College of Pharmacy,
Aurangabad, Maharashtra, India,
’Department of Biochemistry, S. B. Science

College, Aurangabad, Maharashtra, India

Correspondence:

Mrs. Neelam N. Saraf, Department of
Pharmaceutical Analysis, Shri Bhagwan
College of Pharmacy, Aurangabad,
Maharashtra, India.

E-mail: sarafncclam21@gmail.com

How to cite this article:

Saraf NN, Makhija SK. The
importance of proteolytic enzymes:
Revisiting to era. Innov Pharm

Pharmacother 2017;5(4):181-185.

Source of Support: Nil,
Conflict of Interest: None declared.

4 ABSTRACT N

Neelam N. Saraf’, Surinder Kaur Makhija’

Proteolytic enzymes (also termed peptidases, proteases, and proteinases) are capable of hydrolyzing
peptide bonds in proteins. They can be found in all living organisms, from viruses to animals and
humans. Proteolytic enzymes have great medical and pharmaceutical importance due to their key
role in biological processes and in the lifecycle of many pathogens. These enzymes have amino
acid sequences similar to mammalian enzymes, even both insect amylases and serine proteinases
differ from mammalian enzymes in substrate specificity and conduct within the sight of protein
inhibitors. There is a renewed interest in proteases as targets for developing therapeutic agents
against relentlessly spreading fatal diseases such as cancer, malaria, and AIDS. Advances in genetic
manipulation of microorganisms by site-directed mutagenesis of the cloned gene open new
possibilities for the introduction of predesigned changes, resulting in the production of tailor-made
proteases with novel and desirable properties. Proteases are extensively applied enzymes in several
sectors of industry and biotechnology, furthermore, numerous research applications require their
use, including production of Klenow fragments, peptide synthesis, digestion of unwanted proteins
during nucleic acid purification, cell culturing and tissue dissociation, preparation of recombinant
antibody fragments for research, diagnostics and therapy, exploration of the structure-function
relationships by structural studies, removal of affinity tags from fusion proteins in recombinant
protein techniques, peptide sequencing, and proteolytic digestion of proteins in proteomics. The
aim of this paper is to review the importance of proteolytic enzyme and molecular biological aspects

of proteolytic enzymes and their applications in the life sciences.
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Introduction

A protease is an enzyme that performs proteolysis; protein catabolism
by hydrolysis of peptide bonds. Proteases have evolved multiple times,
and different classes of protease can perform the same reaction by
completely different catalytic mechanisms. Proteases can be found in
animalia, plantae, fungi, bacteria, archaea, and viruses. Proteolytic
enzymes catalyze the cleavage of peptide bonds in different proteins.
Proteases are degradative enzymes, which catalyze the hydrolysis
of proteins. Proteolytic enzymes, also known as proteases, are the
enzymes that catalyze the hydrolytic cleavage of particular peptide
bonds in their target proteins (TPs). These enzymes have amino acid
sequences similar to mammalian enzymes, even both insect amylases
and serine proteinases differ from mammalian enzymes in substrate
specificity and conduct within the sight of protein inhibitors. Digestive
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enzymes in insects happen in midgut luminal substance or may be
limited to midgut cells. In cells, they might be connected with the
glycocalyx or bound to microvillar layers. The discovery in plants
of protein inhibitors influencing insect digestive enzymes called
attention to the possibility of utilizing these enzymes as targets as a
part of the advancement of new insect control techniques.!" Proteinase
inhibitors (PIs) are universal small proteins that are very normal in
nature. They are natural, barrier-related proteins frequently present in
seeds and affected in certain plant tissues by herbivore or injuring, !
Pls are available in numerous structures in various tissues of animals
and plants and, in addition, in microorganisms. In plants, they can
be considered as a part of the defensive mechanism showed against
phytophagous insects and microorganisms. The defensive capacities
of plant Pls depend on the hindrance of proteases present in insect
guts or discharged by microorganisms, bringing about a reduction
in the accessibility of amino acids vital for the development and

improvement. 4

Proteases are extensively applied enzymes in several sectors of industry
and biotechnology, furthermore, numerous research applications
require their use, including production of Klenow fragments,
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peptide synthesis, digestion of unwanted proteins during nucleic
acid purification, cell culturing and tissue dissociation, preparation of
recombinant antibody fragments for research, diagnostics and therapy,
exploration of the structure-function relationships by structural
studies, removal of affinity tags from fusion proteins in recombinant
protein techniques, peptide sequencing, and proteolytic digestion of

proteins in proteomics.

Plant proteases

Proteolysis is crucial for plant physiology and improvement. It is
responsible for removing abnormal/misfolded proteins, supplying
amino acids required to make new proteins, helping the development
of zymogens and peptide hormones by restricted cleavage, controlling
digestion system, and for programmed cell death of particular cells
in plant organs.

Animal proteases

The most commonly known proteases from animal origin are
pancreatic trypsin, chymotrypsin, pepsin, and rennins.”® These are
derived in pure form in large quantities. However, their production
depends on the availability of livestock for slaughter, which in turn is
governed by political and agricultural policies.

Trypsin and Chymotrypsin

Trypsin and chymotrypsin, like most proteolytic enzymes, are
synthesized as inactive zymogen precursors (trypsinogen and
chymotrypsinogen) to prevent unwanted destruction of cellular
proteins and to regulate when and where enzyme activity occurs.
The inactive zymogens are secreted into the duodenum, where they
travel the small and large intestines before excretion. Zymogens also
enter the bloodstream, where they can be detected in serum before
excretion in urine. Zymogens are converted to the mature, active
enzyme by proteolysis to split off a pro-peptide, either in a subcellular
compartment or in an extracellular space where they are required
for digestion [Figure 1].

Trypsin and chymotrypsin are structurally very similar, although they
recognize different substrates. Trypsin acts on lysine and arginine
residues, while chymotrypsin acts on large hydrophobic residues such
as tryptophan, tyrosine, and phenylalanine, both with extraordinary
catalytic efficiency. Both enzymes have a catalytic triad of serine,
histidine, and aspartate within the S1 binding pocket; although the
hydrophobic nature of this pocket varies between the two, as do other
structural interactions beyond the ST pocket.

The human pancreas secretes three isoforms of trypsinogen: Cationic
(trypsinogen 1), anionic (trypsinogen 2), and mesotrypsinogen
(trypsinogen 3). Cationic and anionic trypsins are the major isoforms
responsible for digestive protein degradation, occurring in a ratio
of 2:1, while mesotrypsinogen accounts for <5% of pancreatic
secretions. Mesotrypsin is a specialized protease known for its
resistance to trypsin inhibitors. It is thought to play a special role in
the degradation of trypsin inhibitors, possibly to aid in the digestion of

inhibitor-rich foods such as soybeans and lima beans. An alternatively
spliced mesotrypsinogen in which the signal peptide is replaced with
adifferent exon 1 is expressed in the human brain; the function of this
brain trypsinogen is unknown. There are two isoforms of pancreatic
chymotrypsin, A and B, which are known to cleave proteins selectively
at specific peptide bonds formed by the hydrophobic residues
tryptophan, phenylalanine, and tyrosine [Figure 2].

The inability to examine trypsin in midgut homogenates shows a low
sensitivity of their assay procedure as opposed to for the presence
of a trypsinogen” sequenced, what appeared to be a precursor of
midgut trypsin in Aedes aegypti. Its sequence is similar to that of most
trypsins, despite the fact that it showed significant differences from
the vertebrate trypsin precursors in the region of the activation
peptide. Comparable results were found with a putative trypsinogen
from Drosophila melanogaster (Meigen)®™ and from Simulium vittatum
(Zetterstedt) (Diptera: Simuliidae).” These differences suggest that
the processing of precursors of insect trypsins might be distinctive
from that of vertebrates. There is confirmation in Tineola bisselliella
(Hummel),!"” furthermore, Bombyx moril'"'"! that dissolvable trypsin
is derived from membrane-bound structures. Erinnyis ello!"'* and in
Musca domestica (Linnacus)"*"* trypsin is synthesized in midgut cells
in an active structure, however, is connected with membranes of little
vesicles. In any case, some properties of insect chymotrypsin contrast
to those of vertebrate chymotrypsin, for example, their instability at
acid pH""" and their strong inhibition by soybean trypsin inhibitor
[Figure 3].P0*"

Some other proteases such as pepsin and renin. Pepsin is an acidic
protease found in the stomach of the vertebrates. Pepsin is one of
the central protein degrading or proteolytic enzymes in the digestive
system. Rennin is an enzyme secreted by the kidney that separates
protein and produces an ascent in blood pressure. Rennet is a pepsin-
like protease (rennin, chymosin; EC 3.4.23.4) that is produced as an

inactive precursor, prorennin, in the stomach of all nursing mammals.

Microbial Protease

The ability of the plant and animal proteases to meet current world
demand has led to an increased interest in microbial proteases.
Microorganisms represent an excellent source of enzyme owing to
their broad biochemical diversity and their susceptibility to genetic
manipulation. Microbial proteases account for approximately 40% of

the total worldwide enzymes sales.””’!

Bacteria

Most commercial proteases, mainly neutral and alkaline, are
produced by organisms belonging to the genus bacillus. Bacterial
neutral proteases are active in a narrow pH range (pH 5-8) and
have relatively low thermotolerance. The bacterial neutral proteases
are characterized by their high affinity for hydrophobic amino acid
pairs. Their low thermotolerance is advantages for controlling their
reactivity during the production of food hydrolysates with a low
degree of hydrolysis.
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Fungi

Fungi elaborate a wider variety of enzymes than do bacteria. For
example, Aspergillus oryzae produces acid, neutral, and alkaline
proteases. The fungal proteases are active over a wide pH range
(pH 4-11) and exhibit broad substrate specificity.

Viruses

Viral proteases have gained importance due to their functional
involvement in the processing of proteins of viruses that cause certain
fatal diseases such as AIDS and cancer. Serine, aspartic, and cysteine

peptidases are found in various viruses.”"

Currently, proteases are classified on the basis of three major criteria:
1. Type of reaction catalyzed

2. Chemical nature of the catalytic site

3. Evolutionary relationship with reference of structure.

Proteases are grossly subdivided into two major groups,
i.e., exopeptidases and endopeptidases depending on their site of
action. Exopeptidases cleave the peptide bond proximal to the amino
or carboxyl termini of the substrate, whereas endopeptidases cleave
peptide bonds distant from the termini of the substrate. Based on
the functional group present at the active site, proteases are future
classified into four prominent groups, i.e., serine proteases, aspartic
proteases, cysteine proteases, and metalloproteases. There are a few
miscellaneous proteases which do not precisely fit into the standard
classification, for example, ATP-dependent proteases which require
ATP for activity.””!

T rypsin

- Cymotrypsin

Figure 1:Trypsin and chymotrypsin cleavage the protein at different site

BOVIN CHYMOTRYPSIN A
BOVIN TRYPSIN

Mechanism of Action

Purification of proteases to homogeneity is a prerequisite for
studying their mechanism of action. Vast numbers of purification
procedures for proteases, involving affinity chromatography, ion-
exchange chromatography, and gel filtration techniques have been
well documented. Preparative polyacrylamide gel electrophoresis
has been used for the purification of proteases from Conidiobolus
coronatus. Purification of staphylocoagulase to homogeneity was
carried out from culture filtrates of Staphylococcus aureus by affinity
chromatography with a bovine prothrombin-sepharose hydrolases have
been isolated and purified from Escherichia coli by DEAE-cellulose
chromatography.”

The catalytic site of protease is flanked on one or both sides by
specificity subsites, each able to accommodate this side chain of a
single amino acid residue from the substrate. These sites are numbered
from the catalytic site S1 through Sn toward the N terminus of the
structure and S19 through Sn9 toward the C terminus. The residues
which they accommodate from the substrate are numbered PI through
Pn and P19 through Pn9, respectively [Figure 4].*

Genetic engineering, a rapidly developing field of biotechnology
relates to the utilization of transgenic plants as bioreactors to getting
proteins of commercial or medical importance (enzymes, hormones,
antibodies, blood plasma proteins, ctc.).” Plant expression systems
utilized for obtaining recombinant proteins have certain advantages
over their microbial or animal counterparts. The low net cost of the

AMINO ACID POOL
(0) {b)
(b) (0)||(0) (0)
(c) (d)
ACTIVE —' s [ INACTIVE
ZYMOGEN | ——» <~
Limited PROTEIN atosteric | PROTEIN
Proteolysis Transition or
Covalent Modification

Figure 3: Schematic representation of major control mechanisms.
(a) Transcription and translation regulate the rate of formation of the
various proteins from the amino acid pool. (b) Other controls regulate
the rate of degradation of the various proteins to their constituent amino
acids. (c) The activity of the protease that catalyzes zymogen activation
may be, in turn, regulated by a series of consecutive reactions of limited
proteolysis. (d) Reversible conformational changes are responsive to effector
concentrations or to the activities of specific group transferases and hydrolases

Protease: N Sn---- S3—S,-S, * Sy —S,—Sz---— Sn (

y I \ ' '
Substrate: N Pn---- Py—RB, —P —— P — P, — Py -—-- Pn C

Figure 2: Superposition of trypsin and chymotrypsin. (a) The two enzymes
have very similar tertiary structure. Trypsin is shown in green ribbon and
chymotrypsin in blue. Active site residues of trypsin are shown in ball and
stick. Loops of trypsin are shown in magenta; loops of chymotrypsin are
shown in pale green. S1 binding pocket is shown in red""
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Figure 4: Active sites of proteases. The catalytic site of proteases is indicated
by p and the scissile bond is indicated by; S1 through Sn and S19 through
Sn9 are the specificity subsites on the enzyme, while P1 through Pn and P19
through Pn9 are the residues on the substrate accommodated by the subsites
on the enzyme
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final product is the major advantage.”*”) Among the disadvantages in
the low TP yield, this was seen in a number of cases. One of the reasons
for low yield is the quick cleavage of foreign proteins by proteolytic
enzymes." In this connection, broad utilization of natural inhibitors of
proteinases may turn into a possibly encouraging approach to increase
the yield of recombinant proteins in plant expression systcms.m'”]
The utilization of strategies of genetic engineering for acquiring
plant forms that would be resistant to insect pests is a noteworthy
field of contemporary biotechnology.m'ss] Representatives of the first
generation of such plants harbor the genes of delta endotoxins (cry
proteins) of the Gram-positive soil bacterium Bacillus thuringiensis
(Berliner) (Bt toxins).’®*I The cultivation area of such plants added
up to 22 million hectares in 20040

Antibody molecules are produced by the immune system against
foreign substances and are classified into the immunoglobulin
superfamily of the proteins [Figure 5a]. They consist of four
polypeptide chains, two identical heavy chains (H) and two identical
light chains (L) which are connected by disulfide bridges. Both the H
and the L chains contain variable (VH and VL) and constant (CH1,
CH2, CH3, and CL) regions, respectively. The VH and VL chains,
containing hypervariable regions, are responsible for the antigen-
antibody interactions and determine the antigen specificity."*”!
Fragments of the monoclonal antibodies are widely used in diagnostics,
therapeutics, and in biopharmaceutical research having beneficial
properties compared to the whole immunoglobulin molecules due to
their smaller size and lower immunogenicity.” Fragments of whole
immunoglobulin molecules can be produced using recombinant DNA
technology or can be generated by enzymatic digestion. Here, we
discuss the proteolytic antibody fragmentation method. In general, the
papain, pepsin, and ficin proteases are used for the specific digestion
of IgG molecules. Digestion of an antibody by the cysteine protease
papain results in three fragments due to the cleavage of peptide
bonds in the hinge region between CH1 and CH2 domains: One Fc
(crystallizable) and two identical Fab (antigen binding) fragments are
released [Figure 5b]. While both released Fab fragments carry one
antigen-binding site, the Fc fragment does not have antigen-binding
ability. The aspartic acid protease pepsin cleaves the peptide bonds
of the antibody near the disulfide bonds connecting the H chains
[Figure 5c]. This digestion results in the release of the peptides of the Fc
region and one F(ab”)2 fragment containing both antigen-binding sites.
The cysteine protease ficin can release both F(ab”)2 or Fab fragments
[Figure 5d], depending on the cysteine concentration [Figure 6].1*)

Another so many properties use in proteomic application: #

Summary

Proteases are a unique class of enzymes since they are of immense
physiological as well as commercial importance. They possess
both degradative and synthetic properties. Since proteases are
physiologically necessary, they occur ubiquitously in animals, plants,
and microbes. Microbial proteases have been extensively used in the
food, dairy, and detergent industries since ancient times. There is a
renewed interest in proteases as targets for developing therapeutic

agents against relentlessly spreading fatal diseases such as cancer,
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Figure 5: Structure of IgG antibody molecules (a) and fragments released
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Figure 6: Proteomic analysis using mass spectrometry after separation and
in-gel digestion of proteins of interest

malaria, and AIDS. Their degradative properties make them useful
for general protein digestion in tissue dissociation, cell isolation, and
cell culturing. The specificity and the predictability of cleavages by
proteases enables their use for more specific tasks such as antibody
fragment production, the removal of affinity tags from recombinant
proteins, and specific protein digestion in the proteomics field mainly
for protein sequencing,
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