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Introduction
Human beings have used plants to treat diseases and adverse 

conditions since ancient times, and consequently, employed their 
proteases empirically.1 Nowadays, proteases represent a very 
significant group of industrial enzymes, accounting for 60% of the 

total enzyme market, especially the proteases from microorganisms 
due to ease of modifying their biochemical characteristics through 
genetic mutations.2 In addition, plant proteases are part of a growing 
class of therapeutic agents because many efforts have been made to 
exploit biodiversity.3 The Table 1 summarize some application of 
general proteases in different kinds of industry. 4–6
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Abstract

Proteases represent a significant group of industrial enzymes, and a growing class of 
therapeutic agents. They catalyze the cleavage of peptide bonds and are found in all living 
organisms. Plant proteases have expressive stability with good enzymatic activity, and have 
been investigated for therapeutic purposes. Their extraction is simple with low cost and 
their preparations have no pathogenic potential for humans or animals. Nowadays, they 
are used in the treatment of wounds, cancer, infectious diseases and digestive disorders. 
This review will address some chemical, biological and pharmacological aspects of the 
most important therapeutic plant proteases: papain, bromelain, ficin and cucumisin. Papain, 
extracted from latex of papaya (Carica papaya) and bromelain from fruit and stem of 
the pineapple (Bromeliaceae family), are Cysteine proteases and have broad medicinal 
applications. Ficin, a general designation for cysteine proteases obtained from latex of fig 
tree (Ficus spp.), has been traditionally used as a vermifuge. Cucumisin, is the only serine 
protease, was first isolated from melon fruits (Cucumis melo). However, other cucumisin-
like serine proteases have been found in plants from different botanical families. Although 
they are well-characterized proteases, their medicinal and biotechnological potentials are 
not extensively explored.
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Table 1 Examples of plant proteases and therapeutic/biotechnological applications4–6

Proteas Source Application

Actinidin Kiwifruit
(Actinidia deliciosa)

Healing of neuropathic diabetic foot ulcer, increase protein digestion and ameliorate of constipation in animals/ 
Dietary supplement and meat tenderizing.

Bromelain Pineapple
(Ananas comosus)

Treatment of thrombosis, rheumatoid arthritis, wounds, cancer, asthma, angina, bronchitis, sinusitis, 
osteoarthritis, surgical traumas, pyelonephritis, mal absorption of drugs, alleviates pain and swelling, disorders 
of the blood vessels and heart, inflammatory diseases in general/ Meat tenderizing, ethanol production, baking, 
textile, cosmetic and animal feed industriesy, antibrowning, tooth withening, fish protein hydrolysis.

Cardosin Cardoon
(Cynara cardunculus) No therapeutic effect investigated/ Milk clotting and manufacturing of cheese.

Cucumisin
Melon
(Cucumis melo)

Fibrin clotting lysis in thrombotic disorders / Meat tenderization, collagen hydrolysis to obtain gelatin, milk 
clotting, enzyme-catalyzed synthesis of dipeptides.

Ficin Fig
(Ficus genus) Vermifuge/ Synthesis of bioactive peptides and immunoglobulin G cleavage.

Oryzasin Rice
(Oryza sativa) No therapeutic effect investigated/ Milk clotting.

Papain Papaya
(Carica papaya)

Treatment of edemas, sinusitis, gluten intolerance, hypochlorhydria, digestive disorders, caries removal, healing 
burn wound, infections, cancer/ Detergent, leather treatment, meat tenderizing, enzymatic bioactive peptide 
synthesis, antibody fragment production, proteomic applications, chill profile, removal of haze in beverages, 
modification of protein rich material to reduce allergy.

Phytesin
Barley
(Hordeum vulgare) No therapeutic effect investigated/ Milk clotting.

Zingipain
Zinger
(Zingiber officinale) Anti-proliferative agent in cancer animal model/ No biotechnological uses investigated.
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Proteases catalyze the cleavage of peptide bounds in peptides and 
proteins, mainly by hydrolysis or ammonia elimination, resulting in 
peptides with variable sizes and free amino acids. They are found in 
all living organisms, tissues, cells and organelles and are encoded by 
approximately 2% of the genes of an organism.7 Proteases mediate 
and/or participate in various physiological processes including: protein 
turnover to provide a source of amino acids or of carbon and nitrogen 
containing intermediates necessary for the synthesis of new molecules 
and proteins. They are also involved in the digestion of food proteins; 
tissue remodeling; processing of neuropeptides, hormones and 
proenzymes; intracellular proteolysis by proteasomes and lysosomes; 
blood clotting; complement activation cascade reactions; metabolism 
regulation and a vast number of other biological phenomena.8 These 
enzymes are able to catalyze reactions in different environments under 
varying conditions, and there are a many types of proteases. They can 
act near the ends or within polypeptide chains and are denominated 
exopeptidases and endopeptidases, respectively. They display distinct 
catalytic mechanisms, according to the presence of different amino 
acids in the active site, such as serine, cysteine, aspartic, threonine, 
glutamic, asparagine and metalloproteases.9 

Plant proteases are found in all the botanical families and are 
important mediators of a striking variety of biological processes, since 
they cleave specific peptide bonds. Proteolysis controls gene expression 
that is responsible for cell growth, differentiation, developmental 
division or reproduction. It is also involved in senescence, meiosis, 
gametophyte survival, epidermal cell fate, stomata development, 
chloroplast biogenesis, removal of damaged or improperly folded 
proteins, processing and targeting of proteins, zymogens and peptide 
hormones through digestion of signal peptides. It participates in 
programmed cell death, and local and systemic defense responses.10 
The most remarkable feature of these enzymes is the high capability 
for hydrolysis at higher temperatures than animal enzymes. Due to 
the expressive thermal stability associated with good protease activity, 
plant proteases have been investigated for therapeutic purposes.11,12 

Therapeutic proteases

Enzymes are the most important targets in rational drug 
development but may also have therapeutic applications in certain 
diseases and conditions and are then denominated as therapeutic 
enzymes. So, therapeutic proteases are enzymes used in the treatment 
and the diagnosis of diseases and also in surgical procedures.3 At the 
end of the last century, proteases were initially used as therapeutic 
agents in haemostasis disorders such as coagulation factors VIII and 
IX to treat respectively, haemophilies A and B, and urokinase, which 
converts plasminogen into plasmin, which in turn degrades fibrin 
polymers, being used in cases of thrombosis. These enzymes were 
obtained from natural sources, human and animal plasma, but large 
amounts of material were required to obtain a small amount of these 
serine proteases. In addition to the low yield of these enzymes, there 
was the imminent risk of contamination of the source material with 
pathogenic infectious agents which could cause secondary infections 
and immunological reactions in patients who received them.13 
Nowadays, they are produced by recombinant DNA technology, where 
genes encoding proteases of interest are sequenced, cloned, inserted 
into suitable expression vectors and overexpressed in specialized 
microorganisms chosen according to the complexity of the protein. So, 
proteases are purified, standardized and finally formulated for human 
or veterinary use. Although it is a complex and expensive procedure, it 
guarantees quality and the absence of pathogenic infectious agents.14

In general, therapeutic plant proteases are not heterologous 
proteins obtained directly from the organs of the plant or from its 
latex, and it is possible to extract the protein without affecting the 
viability of the plant. Their preparations have no pathogenic potential 
for animals, since they do not carry pathogenic infectious agents. In 
addition, plant proteases are simple and relatively easy to obtain at 
low cost of production.15 They are widely used as therapeutic enzymes 
in the treatment of wound healing, cancer, digestive disorders, 
infectious diseases and in various processes of the food industry such 
as brewing, meat tenderizing and milk-clotting.16–18 Some chemical, 
biological and pharmacological aspects of the most studied plant 
proteases papain, bromelain, ficin and cucumisin will be described.

Papain

Papain (EC 3.4.22.2) is a cysteine protease extracted from the latex 
of Carica papaya, a tropical fruit known as papaya. The activity of this 
enzyme is related to the fruit maturation: the greener the fruits, the 
greater the activity. It was the second protein to be crystallized (1968) 
and the first cysteine protease with the three-dimensional structure 
elucidated (1984). It is also a model of the papain-like cysteine protease 
family and helps in the understanding the mechanism of action of 
cysteine proteases.19,20 It is an endopeptidase that belongs to the 
papain superfamily and subfamily C1A by MEROPS database.7 It is a 
zymogen with a 345 amino acids (inactive form) and after the removal 
of the 133 amino acids N-terminal region, it becomes active.21 Active 
papain is thus a single polypeptide chain with 212 aminoacids and 
23,406 Da, showing all-α and antiparallel β-sheet domains, resulting 
in a three-dimensional globular structure stabilized by three disulfide 
bridges that contribute to the high stability of the enzyme. The activity 
is associated with the presence of catalytic residues Gln19, Cys25, 
His158, His159 and Trp177.22 The residues Cys25 and His158 make 
up part of the catalytic diad and the other aminoacids are responsible 
for the nucleophilic character of the active site.23 

This cysteine protease is stable at high temperatures, elevated 
concentrations of organic solvents or denaturant agents in a wide 
range of pH (3.0-9.0) and, it has the maximum activity at pH 6.0-7.0 
and 60°C.21 Papain activity is affected by cysteine protease inhibitors 
such as 4-(2-Aminoethyl)benzenesulfonyl fluoride hydrochloride) 
(AEBSF), trans-epoxysuccinyl-L-leucyl- amido-(4-guanidino) butane, 
L-trans-3-carboxyoxiran-2-carbonyl-L-leucyl-agmatine,  cystatins, 
N-(trans-epoxysuccinyl)-L-leucine 4-guanidinobutylamide (E-64), 
serine protease inhibitors as phenylmethanesulfonyl fluoride (PMSF), 
N-tosyl-L-leucylchloromethyl (TLCK), α2-tosyl-L-phenylalanine 
chloromethyl (TPCK), α2-macroglobulin and other inhibitors such as 
antipain, leupeptin, alkylating and sulfhydryl binding agents, carbonyl 
reagents and heavy metals.24 It has a broad selectivity towards many 
proteins and peptides, particularly substrates that containing basic 
amino acids (Arg and Lys) and residues following Phe (Figure 1).25

Other cysteine proteases are also found in papaya fruit latex, such 
as chymopapain (EC 3.4.22.6), glycyl endopeptidase (EC 3.4.22.25) 
and caricain (EC 3.4.22.30). Papain is a minor constituent (about 
5–8%) among the protein constituents,26 however, this enzyme is 
widely studied due to the high activity, important stability and, its 
easy purification by ion exchange or affinity chromatography.20 Papain 
is mainly used in industry in pharmaceutical preparations, detergent 
formulation, leather treatment, meat tenderizing and beer clarification 
because the strong activity towards proteins, peptides and substrates 
containing amino acids linked by ester and amide bonds.19 The 
enzyme has broad medicinal uses in the treatment of edemas, allergic 
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sinusitis, leaky gut syndrome, gluten intolerance, hypochlorhydria 
and other digestive disorders as well as in the removal of caries.22 In 
addition, papain has antibacterial activity against Alicyclo bacillus, 
Bacillus subtilis, Enterobacter cloacae, Escherichia coli, Listeria 
monocytogenes, Salmonella typhimurium, Staphylococcus aureus 
and Proteus vulgaris.27 Antihelmintic action has been observed in 
vitro and in vivo against Ascaris suum, Haemonchus contortus, 
Heligmosomoides polygyrus, Trichuris muris, Protospirura muricola 
and Strongyloides venezuelensis.28–31 Antifungal activity has been 
demonstrated toward Aspergillus niger, Candida albicans, Mucor 
spp. and Rhizopus spp., where the possible mechanism of action may 
be the cleavage of the protein content of glycoproteins in the cell 
membrane.32 

Figure 1 Ribbon representations of the molecular structure of papain-like 
peptidases. The polyethylene glycol molecule is represented by a stick model.23

This protease has a strong anti-angiogenic effect in vitro using 
endothelial cells from human umbilical cord as a model. In low 
concentration, a distinct inhibitory effect is exerted on cell growth, 
cell migration and tube formation and this effect may be due to 
interference with protein kinase B (AKT), mitogen-activated protein 
kinase kinase (MEK) 1/2 and Stress-activated protein kinase/c-
Jun NH2-terminal kinase (SAPK/JNK) phosphorylation levels.33 
Associated with bromelain, papain demonstrated antitumor activity, 
inhibiting NFκB/AMPK and downstream signalling proteins such as 
phosphorylated-AKT, phosphorylated extracellular signal-regulated 
kinases (ERK), phosphorylated-signal transducers and activators 
of transcription 3 (Stat3), that affect proliferation, invasion and 
migration of the tumor. It also induced apoptosis in intra- and extra-
hepatic human cholangiocarcinoma cell lines.34 

Papain was also employed in tissue debridement and to stimulate 
the wound healing process, in cases such as pressure ulcers, diabetic, 
leprosy and chemotherapeutic lesions, Fournier’s syndrome, and 
other injuries, through the proteolysis of necrotic tissues and 
cell fragments, helping joining of wound edges and accelerating 
tissue regeneration. Furthermore, papain reduces the pH of wound 
stimulating the production of cytokines that promote cell repair that, 
and decreasing the growth of microorganisms and inflammatory 
responses.16 A novel elastic liposome containing papain was an 
excellent topical formulation for hypertrophic scar treatment. The 

scar elevation index, microvascular density, and collagen fiber were 
significantly decreased with regular arrangement. The expressions of 
tissue growth factor-β1, and nuclear factor kappa B-p65, which play 
a crucial role in inflammatory and immune responses in hypertrophic 
scar were significantly down regulated in contrast with those in a 
control group.35

Excavation of carious tooth tissues is a restorative approach that 
eliminates infected tissue, controls lesion progression, and removes 
necrotic, softened dentine, to allow proper support for the filling. Gels 
based on papain have antibacterial and anti-inflammatory activities 
and constitute a non-invasive technique for caries removal. Papain 
eliminates infected dentine withdrawal debris, with no harmful effect 
on non-damaged tissues, breaks down degraded collagen fibrils and 
constitutes an alternative for caries treatment.36 In plant physiology, 
papain is a defence mechanism of wounds in the C. papaya plant. The 
enzyme leads to latex coagulation, forming a physical barrier that is a 
primary step in the defence mechanism, playing crucial roles in plant-
pathogen interactions.37

Papain is the best studied cysteine protease, however it is not 
appropriately exploited as a therapeutic protease. There are few 
studies about the therapeutic applications and no reports in relation to 
the toxicological data, although affords a model of study for similar 
cysteine proteases which are important therapeutic agents for many 
diseases.19–22,33–35

Bromelain

Bromelain is a crude aqueous extract rich in cysteine proteases 
obtained from the stem and fruit of plants of the Bromeliaceae family, 
of which pineapple, (Ananas comosus, syns. A. sativus, Ananassa 
sativa, Bromelia ananas), is the best known species. In this extract 
there are non-proteolytic constituents, such as escharase, glycosidases, 
peroxidases, ribonucleases, cellulases, carbohydrates, protease 
inhibitors (PIs) and other substances. Pineapple tissues contain at least 
four glycosylated proteases with molar masses from 20 to 31 kDa 
and isoelectric points between 4.6 and 10 that belong to the papain 
superfamily: stem bromelain (EC 3.4.22.32), fruit bromelain (EC 
3.4.22.33), ananain (EC 3.4.22.31) and comosain. These enzymes 
together have the protease activity of bromelain and show expressive 
stability at high temperatures. The amino acid sequence of bromelain 
has a close similarity to that of papain, caricain, actinidin, and 
chymopapain.38

Stem bromelain has pI of 9.5, and is the most abundant protease 
in pineapple tissue preparations. It consists of a single polypeptide 
chain with 212 amino acids linked to an oligosaccharide chain, and 
a molar mass around 23.8 kDa. In terms of specificity for hydrolysis 
of peptide bonds, ananain and fruit bromelain are typical members of 
the papain family, possessing a preference for hydrophobic residues 
in P2. Stem bromelain is atypical because it requires an arginine, both 
at P1 and P2 in small substrates, and maximal activity at a pH range 
of 5.5–8.0. On the other hand, fruit bromelain has a pI of 4.6 and is 
an acidic protein.39 

Bromelain is prepared from pineapple juice by centrifugation, 
ultrafiltration, and lyophilization that yields a yellowish powder and 
the protease activity is determined with casein, gelatin or chromogenic 
substrates.17 It has been employed in many types of industries such as 
food, beverage, tenderization, cosmetic, textile and pharmaceutical 
(Figure 2).5 
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Figure 2 Ribbon representations of the molecular structure of bromelain-
procaricain predicted by modeller. The superimposed between bromelain 
-procaricain model (cyan) and procaricain template (yellow). The purple and 
red sticks representation refer to the side chains of unfavourable region.40

Pineapple (chemically known since 1876) has been used as 
a medicinal plant in several native cultures and their medicinal 
properties are attributed to bromelain.1 Due to the complex 
composition, it interacts with a great variety of molecules and is 
responsible for a diversity of pharmacological effects. Thus, it has 
been used for the treatment of many diseases and conditions such 
as rheumatoid arthritis, thrombophlebitis, wounds, cancer, angina, 
bronchitis, sinusitis, osteoarthritis, surgical traumas, pyelonephritis, 
and for enhancing the absorption of certain drugs. In all cases, this 
extract significantly alleviates pain and swelling, and decreasing the 
healing time required with conventional treatments.38,39-41

Bromelain reduces the risk of arterial thrombosis, embolism and 
disorders of the blood vessels and heart, such as heart attacks, stroke, 
hypertension and heart failure.42 These effects are due to the inhibition 
of cyclooxygenase-2 (COX-2), that reduces the level of prostaglandin 
E2 (PGE2) and thromboxane A2, and increases prostacyclin, which 
inhibits blood platelet aggregation and increases the fibrinolytic 
activity that prevents the clot formation. Bradykinin generation at 
an inflammatory site is also reduced via depletion of the kallikrein 
system, and the formation of fibrin is limited, reducing plasma 
prekallikrein, high molecular weight kininogen and thrombin as well 
as hydrolysis of cholesterol plaques, that minimize the clot formation 
and blood vessel blockade.43

Intestinal infections by Vibrio cholera and Escherichia coli, 
whose enterotoxins are structurally related and cause waterborne 
acute diarrhea  in animals, are strongly affected by oral treatment 
with bromelain. It acts as an anti-adhesion agent by proteolysis the 
glycoprotein receptor located on the intestinal mucosa attachment 
sites and activates receptors that regulate the intestinal secretory 
signaling pathways of cyclic guanosine monophosphatase and 
calcium-dependence. In vitro evidence also suggests that bromelain 
exerts anti-helminthic activity against the gastrointestinal nematodes, 
Trichuris muris and Heligmosomoides polygyrus and acts as an anti-
fungal agent by stimulating phagocytosis and respiratory burst killing 
of Candida albicans.38,42

Treatment using bromelain attenuates the development of asthma 
in a murine model, and may have similar effects in the treatment of 

human asthma and hypersensitivity disorders. It showed important 
anti-inflammatory activity, due to the reduction of the number of total 
leukocytes, eosinophils, and cellular infiltrates via lung pathology, as 
compared to the control group. Besides this, the extract significantly 
reduced cluster of differentiation (CD) 4+ and CD8+ T cells without 
affecting cell numbers in the spleen or hilar lymph node and, decreased 
interleukins (IL) IL-4, IL-12, IL-17, as well as interferon (IFN) α in 
the serum of bromelain-treated animals.44

Bromelain interferes in cancer development during cellular 
transformation, proliferation, angiogenesis, invasion and metastasis 
and this activity is due to the direct impact on cancer cells and their 
microenvironment in many ways. COX-2 is a crucial component 
of cancer-associated inflammation that is involved in the synthesis 
of PGE2, which acts as a promoter of tumor angiogenesis and 
progression. Bromelain inhibits COX-2 activity and, consequently, 
decreases PGE2 levels in murine and human cancer cell lines. The 
extract also activates the inflammatory mediators IL-1β, IL-6, INF-γ 
and tumor necrosis factor (TNF)-α in mouse macrophages and 
human peripheral blood mononuclear cells, indicating that bromelain 
activates the healthy immune system. Conversely, it reduces IL-1β, 
IL-6 and TNF-α secretion when immune cells are already stimulated. 
The cell surface marker, CD44 is expressed by cancer and immune 
cells directly involved in cancer growth and metastasis and regulates 
lymphocyte requirement at the site of inflammation. This extract rich 
in proteases reduces the level of CD44 expression on the surface of 
mouse and human tumor cells, and regulates lymphocyte homing and 
migration to the sites of inflammation. Besides, bromelain activates 
natural killer (NK) cells, augments the production of granulocyte-
macrophage-colony stimulating factors IL-2, IL-6 and, decreases the 
activation of T-helper cells, increasing the tumoricidal capability of 
host immune system. It selectively induces apoptosis in tumor cells 
due to the increment of p53 and Bax expression, the activators of 
apoptosis. Besides, it decreases the activity of cell survival regulators, 
Akt and Erk, promoting apoptotic cell death in tumors.38,42,43–45 

Bromelain decreases inflammatory mediators and is 
anti‑inflammatory agent in various conditions. It has been employed 
as adjuvant therapy in the treatment of chronic inflammatory and 
autoimmune diseases, such as rheumatoid arthritis and osteoarthritis, 
since it can modulate surface adhesion molecules on T cells, 
macrophages, NK cells and induces secretion of IL-1β, IL-6, TNF-α. 
Besides, it has analgesic properties since it decreases the levels of pain 
mediators PGE2 and bradykinin.42,45,46

Debridement is the procedure of removing dead, infected, 
senescent, and/or devitalized tissues, since these tissues interfere 
in the healing of a wound. Debridement  transforms a chronic  to an 
acute wound and, reduces the bacterial burden. Bromelain proteases 
degrade necrotic debris and regulate cell maturation and multiplication, 
collagen synthesis, development and removal of perivascular fibrin. 
They also hydrolyze collagen, elastin, laminin, fibronectin and other 
damaged components of the extracellular matrix, releasing growth 
and angiogenic factors sequestered in this matrix, activating bioactive 
chemokines and cytokines.47,48 In this way the extract promotes the 
effective healing of wounds. Topical formulations (35% bromelain) 
also contains escarase that efficiently removes eschars. Debridement 
accelerated recovery of blood perfusion, controlled the expression 
of TNF-α, which provide a chemotactic gradient for additional 
leukocytes to enhance the inflammatory process, stimulates cytokine 
secretion and enhances fibroblast and smooth muscle cell chemotaxis, 
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reprogramming the wound microenvironment.49,50 Bromelain 
debridement is better than surgical debridement, because surgical 
incision is painful, non-selective and exposes the patients to the risk 
of repeated anaesthesia, and bleeding, reduces the time to complete 
wound healing, and reduces morbidity and mortality of severely 
burned patients and problems of infection.51,52

Bromelain has very low toxicity with an LD50 greater than 10 g/
kg in mice, rats, and rabbits. Toxicity tests on dogs, with 750mg/kg/
day of bromelain, showed no toxic effects after six months. Dosages 
of 1,5g/kg/day when administered to rats showed no carcinogenic 
or teratogenic effects and did not provoke any alteration in food 
intake, histology of heart, growth, spleen, kidney, or hematological 
parameters. In a rat study, it was absorbed intact through the intestine, 
with up to 40% of high molecular substances detected in the blood 
after oral administration. This extract retained the protease activity in 
plasma and formed a complex with α2-macroglobulin and α1antitrypsin 
the most important PIs of plasma.53

Ficin and ficin-like proteases

The Ficus genus belongs to the Moraceae family and the common 
characteristic of all species is the presence of latex within laticiferous 
cells. Latex is a complex, sticky fluid, milky in appearance, excreted 
in response to injury to protect the plant from pathogen invasion 
as mentioned for papain. Proteolytic fractions of Ficus latices 
predominantly contain cysteine proteases, but there are also aspartic 
and serine proteases.54 The latex from the fig tree, Ficus carica, 
constitutes an important source of many protease components, 
known under the general term ficin (EC 3.4.22.3), which belong to 
the cysteine proteases of the papain family (family C1, clan CA).55 
Ficin was first crystallized by Walti in 1938 and is composed of 
glycosylated proteases with high protease activity.56 Many ficins 
with distinctive molecular structures and catalytic properties have 
been identified.57 Six ficin isoforms A, B, C, D1, D2 and E from F. 
carica are well characterized. They are single polypeptide chain basic 
proteases with molecular mass about 24 kDa and the N-terminal 
sequence has homology with the N-terminal sequences of other plant 
cysteine proteases. The maximal activity of ficin is in the pH range 
of 6.5-8.5 and the enzymes have preferences for basic residues at the 
P1 position, while for dipeptide substrates, an aromatic residue at 
the P2 position enhanced the catalytic efficiency.56 This protease has 
intrinsic peroxidase-like activity at an active site different from that 
of protease activity, which shows that this enzyme is able to catalyze 
more than one kind of reaction, and thus support a wider application 
for biotechnology purposes (Figure 3).58

Ficin can be employed in many areas of the food industry such 
as in meat tenderization,59 collagen hydrolysis to obtain gelatin 
and, milk clotting60 to the high caseinolytic activity.54 It has also 
biotechnological importance since it has been used as a biocatalyst for 
enzyme-catalyzed synthesis of dipeptides61,62 and when compared to 
other cysteine proteases like papain and bromelain, ficin was shown 
to be more specific for mouse IgG1 cleavage, giving better yields and 
better immunoreactivity.63

The partially purified ficins showed pro-coagulant activity 
through activation of the human coagulation factor X.64 The latex 
of some species of Ficus has been traditionally used as vermifuge 
in Central and South America. Capsules containing F. glabrata latex 
have been commercially exploited due to the high ficin content 
that digest live intestinal worms. Pharmacological studies with live 

Ascaris demonstrated a lethal effect at 0.05% latex in physiological 
saline solution. A clinical trial with 181 persons has resulted in a 
recommended dosage of 1.0cm3 of prepared latex/kg/day for 3 days 
to be repeated every 3 months without gastrointestinal toxicity.65 
Anthelmintic activity of latex from F. insipida Willd and F. carica 
was investigated in mice naturally infected with Syphacia obvelata, 
Aspiculuris tetraptera and Vampirolepis nana. The lattices were 
administered by the intragastric route in doses of 4 ml/kg/day during 
three consecutive days and was effective in the removal S. obvelata, 
but not for other helminthes.66

Figure 3 Ribbon representations of the molecular structure of ficin (green). 
Solvent molecules are represented by a stick model.

Although ficin is employed in many biotechnological processes 
in the food industry,55–59 its only known pharmacological use is to kill 
intestinal worms.65,66 However, no toxicological and clinical trials 
concerning to ficin were conducted. 

Cucumisin and cucumisin-like proteases

The fruits of some Cucurubitaceae species contain significant 
amounts of serine protease activity. An extracellular thermostable 
alkaline serine protease isolated from the sarcocarp of melon fruit, 
Cucumis melo L. var. Prince called cucumisin (EC 3.4.21.25) was the 
first characterized plant subtilisin class protease.67 It comprised more 
than 10% of the total juice protein, suggesting an important function 
during fruit development.68 This enzyme was isolated in another 
variety of C. melo69–71 and other species of the Cucumis genus such 
as in C. trigonus Roxburghi.72 Cucumisin-like serine proteases were 
also found in organs from plants other than those of the Cucurbitaceae 
family such as in F. religiosa73 Solanum elaeagnifolium,74 Hordeum 
vulgare L.,75 Lycopersicon esculentum,76,77 Morus indica,78 Faseolus 
vulgaris,79 Euphorbia supine,80 Alnus  glutinosa and Casuarina 
glauca,81 Taraxacum officinale Webb S. L.82 Benincasa hispida,69 
Maclura pomifera (Raf.) Schneid,83 Trichosanthes bracteata and 
Trichosanthes cucumeroides Maxim.84 In Arabidopsis, 56 genes 
predicted to encode subtilases have been annotated. Plant subtilisin-
like serine protease (subtilases) are involved in many physiological 
processes, such as microsporogenesis, symbiosis, hypersensitive 
response, signal transduction and differentiation, senescence, and 
protein processing.85

These enzymes are alkaline serine proteases with pH optima 
around 10, an optimal temperature of about 70°C, with specificity 
for Leu, Asn, Gln, Thr and especially Met at the P1site when using 
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synthetic oligopeptides. This protease tended to avoid charged 
aminoacids (Asp, Glu, Lys and Arg) and did not cleave Gly, Ile or Pro 
at the P1.86 Cucumisin is classified into the subtilisin family, because 
the amino acid residues of the catalytic triad are characterized by 
Asp140, His204 and Ser525 residues that are identical to the triad 
from Bacillus subtilisins in terms of the primary structure. In addition, 
the amino acid sequence Gly-Thr-Ser-Met around the reactive serine 
residue of cucumisin is identical to that of subtilisin, a Bacillus subtilis 
serine protease called subtilase.87 It is an endopeptidase that belongs to 
family S8 and clan SB which are subdivided into six families based on 
their sequence similarities. Most plant subtilases are grouped into the 
pyrolysin family, which is characterized by a large insertion between 
the stabilizing Asn and the reactive Ser and/or long COOH-terminal 
extensions.82 Some of them are expected to have a broad substrate 
range, others are considered to be specific prohormone convertases 
(Figure 4).88

Figure 4 Ribbon representations of the molecular structure of monomer 
cucumisin. The catalytic, protease-associated, and fibronectin‐III-like domains 
are colored green, orange, and blue, respectively. Diisopropyl fluorophosphate 
is depicted by a stick model in red.69

A native form of cucumisin from the juice of developing melons 
has a molecular mass of 67 kDa with 621 residues and is synthesized 
as a proenzyme. The 2.5kDa of signal peptide (pre-sequence, 22 
residues) is removed from cucumisin precursor in the endoplasmic 
reticulum and the 10kDa of the N-terminal propeptide (88 residues) 
is autocatalytically removed to produce 67kDa of mature cucumisin.89 
The crystal structure of mature cucumisin is reported to be composed 
of three domains: the subtilisin-like catalytic domain, the protease-
associated domain and the C-terminal fibronectin-III-like domain. 
A structural homology search indicated that the catalytic domain 
of cucumisin shares structural similarity with subtilisin and subtilisin-
like fold enzymes.68,90

Until now cysteine proteases are extensively used in the food 
and medicine industry. However, their activities are affected by 
air oxidation or metal ions, and by reducing or chelating agents. In 
contrast, various serine proteases including plant proteases have no 
requirement for any co-factors.91 Cucumisin demonstrated to have 
important milk-clotting activity compared with other plant proteases 

such as papain and ficin, is more stable than papain.92 A cucumisin-like 
serine protease from the leaves of Solanum tuberosum (StSBTc-3) was 
able to degrade human fibrinogen and to produces fibrin clot lysis in a 
dose dependent manner. Additionally, this protease was able to inhibit 
platelet aggregation and did not demonstrate cytotoxic activity on 
human erythrocytes in vitro at all concentrations assayed, suggesting 
that StSBTc-3 could be evaluated as an agent in the treatment of 
thromboembolic disorders such as strokes, pulmonary embolism and 
deep vein thrombosis.93 

Although cucumisins are so well-characterized proteases, there is 
only a report about the pharmacological effect of an enzyme from S. 
tuberosum.93 and no clinical or toxicological study reported. However, 
these enzymes are thermal stable and exhibited important protease 
activity, essential technical features for the employment as therapeutic 
proteases.

Conclusion
Proteases are essential in a great diversity of aspects of life and 

death from all plants.93 The most investigated therapeutically are 
papain, bromelain, ficin and cucumisin and this review summarizes 
some biochemical aspects and pharmacological applications 
from these enzymes. Plants are reliable sources of proteases with 
expressive activity and stability and easy obtainment.94 They are 
commercially important enzymes due to their multiple applications in 
the food, biotechnology, pharmaceutical and other types of industries, 
where conventional industrial processes can involve the breakdown 
of proteins.14 Plant extracts with a high content of proteases have 
been used in traditional medicine for a long time for the treatment 
of diverse diseases and conditions such as digestive disorders,13–15,19 
wound debridement,46–49 inflammation and immune-modulation with 
excellent therapeutic indexes.35,38-42,45 Other plant proteases have 
been isolated, purified, characterized and their biological functions 
and pharmacological properties investigated and their therapeutic 
applications are under investigation.8,9

Acknowledgments
The authors are grateful to Dr. Benjamin Gilbert, senior researcher 

of Natural Products Department at FIOCRUZ for paper revision.

Conflicts of interest 
All authors declare no conflict of interest.

References
1.	 Petrovska BB. Historical review of medicinal plants’ usage. 

Pharmacogn Rev. 2012;6(11):1–5. 

2.	 Li Q, Yi L. Commercial proteases: Present and future. FEBS Lett. 
2013;587:1155–1163.  

3.	 Craik CS, Page MJ, Madison EL. Proteases as therapeutics. Biochem. 
2011;435:1–16.

4.	 Ravee R, Salleh FIM, Goh HH. Discovery of digestive enzymes in 
carnivorous plants with focus on proteases. Peer J. 2018;6:e4914.

5.	 Arshad ZI, Amid A. Bromelain: an overview of industrial application 
and purification strategies. Appl Microbiol Biotechnol. 2014;98:7283–
7297. 

6.	 Tavano OL, Berenguer-Murcia A. Biotechnological applications 
of proteases in food technology. Comp Rev Food Sci Food Safety. 
2018;17:412–136.

https://doi.org/10.15406/jabb.2019.06.00180
https://www.ncbi.nlm.nih.gov/pubmed/22654398
https://www.ncbi.nlm.nih.gov/pubmed/22654398
https://www.ncbi.nlm.nih.gov/pubmed/23318711
https://www.ncbi.nlm.nih.gov/pubmed/23318711
https://www.ncbi.nlm.nih.gov/pubmed/21406063
https://www.ncbi.nlm.nih.gov/pubmed/21406063
https://www.ncbi.nlm.nih.gov/pubmed/29888132
https://www.ncbi.nlm.nih.gov/pubmed/29888132
https://www.ncbi.nlm.nih.gov/pubmed/24965557
https://www.ncbi.nlm.nih.gov/pubmed/24965557
https://www.ncbi.nlm.nih.gov/pubmed/24965557
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12326
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12326
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12326


Therapeutic proteases from plants: biopharmaceuticals with multiple applications 107
Copyright:

©2019 Silva-López et al.

Citation: Silva-López RE, Gonçalves RN. Therapeutic proteases from plants: biopharmaceuticals with multiple applications. J Appl Biotechnol Bioeng. 
2019;6(2):101‒109. DOI: 10.15406/jabb.2019.06.00180

7.	 Rawlings ND, Barrett AJ, Finn R. Twenty years of the MEROPS 
database of proteolytic enzymes, their substrates and inhibitors. 
Nucleic Acids Res. 2016;44(D1):343–350.

8.	 SilvaLópez RE. Immunocytochemistry of proteases in the study of 
Leishmania physiology and host-parasite interaction in applications 
of immunocytochemistry In: Dehghani H, editor. Applications of 
immunocytochemistry, InTech, Rijeka. 2012;267–296.

9.	 Rawlings ND, Barrett AJ, Thomas PD, et al. The MEROPS database 
of proteolytic enzymes, their substrates and inhibitors in 2017 and a 
comparison with peptidases in the PANTHER database. Nucleic Acids 
Res. 2018;46(D1):D624–D632.

10.	 Kurepa J, Wang S, Li Y, et al. Proteasome regulation, plant growth 
and stress tolerance. Plant Signal. Behav. 2009;4:924–927.

11.	 Pacheco JS, Silva-López RE. Study of the proteolytic activity of the 
tropical legume Crotalaria spectabilis. Z Naturforsch. 2012;67:495–
509.

12.	 Gonçalves RN, Barbosa SDG, Silva-López RE. Proteases from 
Canavalia ensiformis: active and thermostable enzymes with potential 
of application in biotechnology. Biotechnol Res Int. 2016;2016:1–11.

13.	 Wolberg AS, Aleman MM, Leiderman K, et al. Procoagulant activity 
in hemostasis and thrombosis: Virchow’s triad revisited. Anesth 
Analg. 2012;114:275–285. 

14.	 Swiech K, Picanço-Castro V, Covas DT. Production of recombinant 
coagulation factors: are humans the best host cells. Bioengineered. 
2017;8:462–470.

15.	 Matagne A, Bolle L, El Mahyaoui R, et al. The proteolytic system 
of pineapple stems revisited: Purification and characterization of 
multiple catalytically active forms. Phytochem. 2017;138:29–51.

16.	 Leite AP, De Oliveira BG, Soares MF et al. Use and effectiveness 
of papain in the wound healing process: a systematic review. Rev 
Gaúcha Enf. 2012;33:198–207.

17.	 Rathnavelu V, Alitheen NB, Sohila S, et al. Potential role of bromelain 
in clinical and therapeutic applications. Biomed Reports. 2016;5:283–
288.

18.	 Monti R, Basilio CA, Trevisian HC, et al. Purification of papain from 
fresh latex of Carica papaya. Braz Arch Biol Technol. 2000;43:501–
507.

19.	 Azarkan M, El Moussaoui A, van Wuytswinkel D, et al. Fractionation 
and purification of the enzymes stored in the latex of Carica papaya. 
J Chromatogr B. Anal Technol Biomed Life Sci. 2003;790:229–238.

20.	 Vernet T, Khouri HE, Laflamme P, et al. Processing of the papain 
precursor. J Biol Chem. 1991;266:21451–21457.

21.	 Amri E, Mamboya, F. Papain, a plant enzyme of biological importance: 
a review. Am J Biochem Biotech. 2012;8:99–104.

22.	 Zhang M, Wei Z, Chang S, et al. Crystal structure of a papain-fold 
protein without the catalytic residue: a novel member in the cysteine 
proteinase family. J Mol Biol. 2006;358:97–105.

23.	 Novinec M, Lenarčič B. Papain-like peptidases: structure, function, 
and evolution. Biomol Concepts. 2013;4(3):287–308. 

24.	 Gurumallesh P, Alagu K, Ramakrishnan B, et al. A systematic 
reconsideration on proteases. Int J Biol Macromol. 2019;128:254–
267. 

25.	 Braia M, Ferrero M, Rocha MV, et al. Bioseparation of papain from 
Carica papaya latex by precipitation of papain-poly (vynil sulfonate) 
complexes. Protein Expr Purif. 2013;91:91–95.

26.	 Dos Anjos MM, Da Silva AA, De Pascoli IC, et al. Antibacterial 
activity of papain and bromelain on Alicyclobacillus spp. Int J Food 
Microbiol. 2016;216:121–126.

27.	 Stepek G, Lowe AE, Buttle DJ, et al. Anthelmintic action of 
plant cysteine proteinases against the rodent stomach nematode, 
Protospirura muricola, in vitro and in vivo. Parasitology. 2007;134(Pt 
1):103–112.

28.	 Krishna KL, Paridhavi M, Patel JA. Review on nutritional, medicinal 
and pharmacological properties of Papaya (Carica papaya Linn.). Nat 
Prod Rad. 2008;7:364–373.

29.	 Buttle DJ, Behnke JM, Bartley Y, et al. Oral dosing with papaya 
latex is an effective anthelmintic treatment for sheep infected with 
Haemonchus contortus. Parasite Vectors. 2011;36:1–12.

30.	 Moraes D, Levenhagen MA, Costa-Cruz JM, et al. In vitro efficacy of 
latex and purified papain from Carica papaya against Strongyloides 
venezuelensis eggs and larvae. Rev Inst Med Trop. 2017;9:e7.

31.	 Mota VS, Turrini RNT, Poveda VB. Antimicrobial activity of 
Eucalyptus globulus oil, xylitol and papain: a pilot study. Rev Esc 
Enferm. 2015;49:216–220.

32.	 Mohr T, Desser L. Plant proteolytic enzyme papain abrogates 
angiogenic activation of human umbilical vein endothelial cells 
(HUVEC) in vitro. BMC Complement Altern Med. 2013;13:1–9.

33.	 Müller A, Barat S, Chen X, et al. Comparative study of antitumor 
effects of bromelain and papain in human cholangiocarcinoma cell 
lines. Int J Oncol. 2016;48:2025–2034.

34.	 Chen YY, Lu YH, Ma CH, et al. A novel elastic liposome for skin 
delivery of papain and its application on hypertrophic scar. Biomed 
Pharmacother. 2017;87:82–91.

35.	 Tripathi RS, Pathak K. Optimization studies on development and 
evaluation of papain-based in situ gelling system for chemomechanical 
caries removal. Pharm Dev Technol. 2014;20:801–811.

36.	 Shindo T, van de Hoorn RAL. Papain-like cysteine proteases: key 
players at molecular battlefields employed by both plants and their 
invaders. Mol Plant Pathol. 2008;9:119–125.

37.	 Pavan R, Jain S, Shraddha P. Properties and therapeutic application of 
bromelain: a review. Biotechnol Res Int. 2012;976203:1–7.

38.	 de Lencastre Novaes LC, Jozala AF, Lopes AM, et al. Stability, 
purification, and applications of bromelain: a review. Biotechnol 
Prog. 2016;32:5–13.

39.	 Tap FM, Majid FAA, Khairudin NBA. Structure prediction 
of stem bromelain from pineapples (Ananas Comosus) using 
procaricain enzyme as a modelling template. Int J Ap Engineer Res. 
2016;11:6109–6111. 

40.	 Taussig SJ, Batkin S. Bromelain, the enzyme complex of pineapple 
(Ananas comosus) and its clinical application. J Ethnopharmacol. 
1988;22(2):191–203.

41.	 Brien S, Lewith G, Walker, A, et al. Bromelain as a treatment for 
osteoarthritis: a review of clinical studies. Evid Based Complement 
Alternat Med. 2004;1:251–257.

42.	 Orsini RA. Bromelain. Plast Reconstr Surg. 2006:118(7):1640–1644.

43.	 Chobotova K, Vernallis AB, Majid FA. Bromelain’s activity and 
potential as an anti-cancer agent: current evidence and perspectives. 
Cancer Lett. 2010;290(2):148–156.

44.	 Ley CM, Tsiami A, Ni Q, et al. A review of the use of bromelain in 
cardiovascular diseases. Zhong Xi Yi Jie He Xue Bao. 2011;9(7):702–

https://doi.org/10.15406/jabb.2019.06.00180
https://www.ncbi.nlm.nih.gov/pubmed/26527717
https://www.ncbi.nlm.nih.gov/pubmed/26527717
https://www.ncbi.nlm.nih.gov/pubmed/26527717
https://pdfs.semanticscholar.org/4c0d/782995c3143f064f95b902d249d6eb4b26a9.pdf
https://pdfs.semanticscholar.org/4c0d/782995c3143f064f95b902d249d6eb4b26a9.pdf
https://pdfs.semanticscholar.org/4c0d/782995c3143f064f95b902d249d6eb4b26a9.pdf
https://pdfs.semanticscholar.org/4c0d/782995c3143f064f95b902d249d6eb4b26a9.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29145643
https://www.ncbi.nlm.nih.gov/pubmed/29145643
https://www.ncbi.nlm.nih.gov/pubmed/29145643
https://www.ncbi.nlm.nih.gov/pubmed/29145643
https://www.ncbi.nlm.nih.gov/pubmed/19826220
https://www.ncbi.nlm.nih.gov/pubmed/19826220
https://www.hindawi.com/journals/btri/2016/3427098/
https://www.hindawi.com/journals/btri/2016/3427098/
https://www.hindawi.com/journals/btri/2016/3427098/
https://www.ncbi.nlm.nih.gov/pubmed/22104070
https://www.ncbi.nlm.nih.gov/pubmed/22104070
https://www.ncbi.nlm.nih.gov/pubmed/22104070
https://www.ncbi.nlm.nih.gov/pubmed/28277160
https://www.ncbi.nlm.nih.gov/pubmed/28277160
https://www.ncbi.nlm.nih.gov/pubmed/28277160
https://www.ncbi.nlm.nih.gov/pubmed/28238440
https://www.ncbi.nlm.nih.gov/pubmed/28238440
https://www.ncbi.nlm.nih.gov/pubmed/28238440
https://www.ncbi.nlm.nih.gov/pubmed/23405827
https://www.ncbi.nlm.nih.gov/pubmed/23405827
https://www.ncbi.nlm.nih.gov/pubmed/23405827
https://www.ncbi.nlm.nih.gov/pubmed/27602208/
https://www.ncbi.nlm.nih.gov/pubmed/27602208/
https://www.ncbi.nlm.nih.gov/pubmed/27602208/
http://www.scielo.br/pdf/babt/v43n5/a08v43n5.pdf
http://www.scielo.br/pdf/babt/v43n5/a08v43n5.pdf
http://www.scielo.br/pdf/babt/v43n5/a08v43n5.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12767335
https://www.ncbi.nlm.nih.gov/pubmed/12767335
https://www.ncbi.nlm.nih.gov/pubmed/12767335
http://www.jbc.org/content/270/18/10838.full
http://www.jbc.org/content/270/18/10838.full
https://thescipub.com/abstract/10.3844/ajbbsp.2012.99.104
https://thescipub.com/abstract/10.3844/ajbbsp.2012.99.104
https://www.ncbi.nlm.nih.gov/pubmed/16497323
https://www.ncbi.nlm.nih.gov/pubmed/16497323
https://www.ncbi.nlm.nih.gov/pubmed/16497323
https://www.ncbi.nlm.nih.gov/pubmed/25436581
https://www.ncbi.nlm.nih.gov/pubmed/25436581
https://www.ncbi.nlm.nih.gov/pubmed/30664968
https://www.ncbi.nlm.nih.gov/pubmed/30664968
https://www.ncbi.nlm.nih.gov/pubmed/30664968
https://www.ncbi.nlm.nih.gov/pubmed/23891572
https://www.ncbi.nlm.nih.gov/pubmed/23891572
https://www.ncbi.nlm.nih.gov/pubmed/23891572
https://www.ncbi.nlm.nih.gov/pubmed/26476327
https://www.ncbi.nlm.nih.gov/pubmed/26476327
https://www.ncbi.nlm.nih.gov/pubmed/26476327
https://www.ncbi.nlm.nih.gov/pubmed/17032468
https://www.ncbi.nlm.nih.gov/pubmed/17032468
https://www.ncbi.nlm.nih.gov/pubmed/17032468
https://www.ncbi.nlm.nih.gov/pubmed/17032468
http://nopr.niscair.res.in/handle/123456789/5695
http://nopr.niscair.res.in/handle/123456789/5695
http://nopr.niscair.res.in/handle/123456789/5695
https://www.ncbi.nlm.nih.gov/pubmed/21406090
https://www.ncbi.nlm.nih.gov/pubmed/21406090
https://www.ncbi.nlm.nih.gov/pubmed/21406090
https://www.ncbi.nlm.nih.gov/pubmed/28380118
https://www.ncbi.nlm.nih.gov/pubmed/28380118
https://www.ncbi.nlm.nih.gov/pubmed/28380118
https://www.ncbi.nlm.nih.gov/pubmed/25992819
https://www.ncbi.nlm.nih.gov/pubmed/25992819
https://www.ncbi.nlm.nih.gov/pubmed/25992819
https://www.ncbi.nlm.nih.gov/pubmed/24053149
https://www.ncbi.nlm.nih.gov/pubmed/24053149
https://www.ncbi.nlm.nih.gov/pubmed/24053149
https://www.ncbi.nlm.nih.gov/pubmed/26935541
https://www.ncbi.nlm.nih.gov/pubmed/26935541
https://www.ncbi.nlm.nih.gov/pubmed/26935541
https://www.ncbi.nlm.nih.gov/pubmed/28040601
https://www.ncbi.nlm.nih.gov/pubmed/28040601
https://www.ncbi.nlm.nih.gov/pubmed/28040601
https://www.ncbi.nlm.nih.gov/pubmed/24841189
https://www.ncbi.nlm.nih.gov/pubmed/24841189
https://www.ncbi.nlm.nih.gov/pubmed/24841189
https://www.ncbi.nlm.nih.gov/pubmed/18705889
https://www.ncbi.nlm.nih.gov/pubmed/18705889
https://www.ncbi.nlm.nih.gov/pubmed/18705889
https://www.hindawi.com/journals/btri/2012/976203/
https://www.hindawi.com/journals/btri/2012/976203/
https://www.ncbi.nlm.nih.gov/pubmed/26518672
https://www.ncbi.nlm.nih.gov/pubmed/26518672
https://www.ncbi.nlm.nih.gov/pubmed/26518672
https://www.ncbi.nlm.nih.gov/pubmed/3287010
https://www.ncbi.nlm.nih.gov/pubmed/3287010
https://www.ncbi.nlm.nih.gov/pubmed/3287010
https://www.ncbi.nlm.nih.gov/pubmed/15841258
https://www.ncbi.nlm.nih.gov/pubmed/15841258
https://www.ncbi.nlm.nih.gov/pubmed/15841258
https://www.ncbi.nlm.nih.gov/pubmed/17102739
https://www.ncbi.nlm.nih.gov/pubmed/19700238
https://www.ncbi.nlm.nih.gov/pubmed/19700238
https://www.ncbi.nlm.nih.gov/pubmed/19700238
https://www.ncbi.nlm.nih.gov/pubmed/21749819
https://www.ncbi.nlm.nih.gov/pubmed/21749819


Therapeutic proteases from plants: biopharmaceuticals with multiple applications 108
Copyright:

©2019 Silva-López et al.

Citation: Silva-López RE, Gonçalves RN. Therapeutic proteases from plants: biopharmaceuticals with multiple applications. J Appl Biotechnol Bioeng. 
2019;6(2):101‒109. DOI: 10.15406/jabb.2019.06.00180

710.

45.	 Bhui K, Prasad S, George J, et al. Bromelain inhibits COX-2 
expression by blocking the activation of MAPK regulated NF-
kappa B against skin tumor-initiation triggering mitochondrial death 
pathway. Cancer Lett. 2009;282:167–176.

46.	 Secor ER, Singh A, Guernsey LA, et al. Bromelain treatment 
reduces CD25 expression on activated CD41 T cells in vitro. Int 
Immunopharmacol. 2012;9(3):340–346. 

47.	 Lotz-Winter H. On the pharmacology of bromelain: an update with 
special regard to animal studies on dose-dependent effects. Planta 
Med. 1990;56:249–253.

48.	 Das U, Behera SS, Pramanik K. Ethno-herbal-medico in wound 
repair: an incisive review. Phytother Res. 2017;31:579–590.

49.	 Anghel EL, De Fazio MV, Barker JC, et al. Current concepts 
in debridement: science and strategies. Plast Reconstr Surg. 
2016;138:82–93.

50.	 Wu SY, Hu W, Zhang B, et al. Bromelain ameliorates the wound 
microenvironment and improves the healing of firearm wounds. J 
Surg Res. 2012;176:503–509.

51.	 Krieger Y, Shoham Y, Bogdanov-Berezovsky A, et al. Review of 
30 years of research and development of an enzymatic debridement 
agent for burns. Harefuah. 2016;155:281–285.

52.	 White RR, Crawley FE, Vellini M, et al. Bioavailability of 125I 
bromelain after oral administration to rats. Biopharm. Drug Dispos. 
1988;9(4):397–403.

53.	 Raskovic B, Lazic J, Polovic N. Characterisation of general 
proteolytic, milk clotting and antifungal activity of Ficus carica latex 
during fruit ripening. J Sci Food Agric. 2016;96:576–582.

54.	 Baeyens-Volant D, Matagne A, El Mahyaoui R, et al. A novel form 
of ficin from Ficus carica latex: Purification and characterization. 
Phytochem. 2015;117:154–167.

55.	 Englund PT, King TP, Craig LC, et al. Studies on ficin. I. Its isolation 
and characterization. Biochem. 1968;7:163–175.

56.	 Azarkan M, Matagne A, Wattiez R, et al. Selective and reversible 
thiol-pegylation, an effective approach for purification and 
characterization of five fully active ficin (iso) forms from Ficus carica 
latex. Phytochem. 2011;2(14–15):1718–1731.

57.	 Yang Y, Shen D, Long Y, et al. Intrinsic peroxidase-like activity of 
ficin. Sci Rep. 2017;7:1–8.

58.	 Sullivan GA, Calkins CR. Application of exogenous enzymes to beef 
muscle of high and low-connective tissue. Meat Sci. 2010;85(4):730–
734. 

59.	 Fadýloğlu, S. Immobilization and characterization of ficin. Nahrung. 
2001;45:143–146.

60.	 Monter B, Herzog B, Stehle P, et al. Kinetically controlled synthesis 
of dipeptides using ficin as biocatalyst. Biotechnol Appl Biochem. 
1991;14(2):183–191.

61.	 Andre M, Kühl B, Brenner-Weiss G, et al. Cationic heterooligopeptides 
by ficain-catalyzed co-oligomerization of lysine and methionine ethyl 
esters. J Pept Sci. 2014;20(8):625–6299.

62.	 Maiorano E, Marzullo A, D’Elia M, et al. Efficacy of different 
proteolytic treatments for the immunohistochemical stain of 
cytokeratins. Boll Soc Ital Biol. 1994;70(4):111–118.

63.	 Richter G, Schwarz HP, Dorner F, et al. Activation and inactivation 
of human factor X by proteases derived from Ficus carica. Br J 
Haematol. 2002;119:1042–1051.

64.	 Hansson A, Veliz G, Naquira C, et al. Preclinical and clinical 
studies with latex from Ficus glabrata HBK, a traditional 
intestinal anthelminthic in the Amazonian area. J Ethnopharmacol. 
1986;17(2):105–138.

65.	 Amorin A, Borba HR, Carauta JP, et al. Anthelmintic activity of the 
latex of Ficus species. J Ethnopharmacol. 2014;64:255–258.

66.	 Kaneda M, Tominaga N. Isolation and characterization of a proteinase 
from the sarcocarp of melon fruit. J Biochem. 1975;78(6):1287–1296.

67.	 Murayama K, Kato-Murayama M, Hosaka T, et al. Crystal structure 
of cucumisin, a subtilisin-like endoprotease from Cucumis melo L. J 
Mol Biol. 2012;423:386–396.

68.	 Uchikoba T, Yonezawa H, Kaneda M. Cucumisin like 
protease from the sarcocarp of Benincasa hispida var. Ryukyu. 
Phytochem.1998;49(8):2215–2219.

69.	 Kaneda M, Yonezawa H, Uchikoba T. Purification and Some 
Properties of a Protease from the Sarcocarp of Musk Melon Fruit. 
Biosci Biotechnol Biochem. 1997;61:2100–2102.

70.	 Gagaoua M, Ziane F, Rabah SN, et al. Three phase partitioning, a 
scalable method for the purification and recovery of cucumisin, a 
milk-clotting enzyme, from the juice of Cucumis melo var. reticulatus. 
Int J Biol Macromol. 2017;102:515–525.

71.	 Asif-Ullah M, Kim KS, Yu YG. Purification and characterization 
of a serine protease from Cucumis trigonus Roxburghi. Phytochem. 
2006;67(9):870–875.

72.	 Kumari M, Sharma A, Jagannadham MV, et al. A milk-clotting serine 
protease from Ficus religiosa. Food Chemistry. 2012;131:1295–1303.

73.	 Vargas-Requena CL, Jiménez-Veja F, Vargas-Albores F. Búsqueda de 
proteínas con posibles aplicaciones biotecnológicas, presentes en el 
fruto de Solanum elaeagnifolium. Rev Ciencia Tecnol. 2009;7:83–86.

74.	 Terp N, Thomsen KK, Svendsen I, et al. Purification and 
characterization of hordolisin, a subtilisin-like serine endoprotease 
from barley. J Plant Physiol. 2000;156:468–476.

75.	 Schaller A, Ryan CA. Identification of a 50-kDa system in binding 
protein in tomato plasma membranes having Kex2p-like properties. 
Proc Natl Acad Sci USA. 1994;91:11802–11806.

76.	 Jorda L, Conejero V, Vera P. Characterization of P69E and P69F, 
two differentially regulated genes encoding new members of the 
subtilisin-like proteinase family from tomato plants. Plant Physiol. 
2000;122(1):67–74.

77.	 Singh VK, Patel AK, Moir AJ, et al. Indicain, a dimeric serine protease 
from Morus indica cv. K2. Phytochem. 2008;69:2110–2119.

78.	 Popovic T, Puizdar V, Brzin J. A novel subtilase from common bean 
leaves. FEBS Lett. 2002;530(1–3):163–168.

79.	 Arima K, Uchikoba T, Yonezawa H, et al. Cucumisin-like protease 
from the latex of Euphorbia supina. Phytochem. 2000;53(6):639–644.

80.	 Laplaze L, Ribeiro A, Franche C, et al. Characterization of a 
Casuarina glauca nodule-specific subtilisin-like protease gene, 
a homolog of Alnus glutinosa ag12. Mol Plant Microbe Interact. 
2000;13(1):113–117.

81.	 Bogacheva AM, Rudenskaya GN, Preusser A, et al. A new subtilisin-
like proteinase from roots of the dandelion Taraxacum officinale 
Webb SL. Biochem (Mosc). 1999;64:1030–1037.

82.	 Rudenskaya GN, Bogdanova EA, Revina LP, et al. Macluralisin-a 
serine proteinase from fruits of Maclura pomifera (Raf.) Schneid. 
Planta. 1995;196:174–179.

83.	 Kaneda M, Uchikoba T. Protease from the sarcocarp of Trichosanthes 
bracteata. Phytochem. 1994;35:583–586.

https://doi.org/10.15406/jabb.2019.06.00180
https://www.ncbi.nlm.nih.gov/pubmed/21749819
https://www.ncbi.nlm.nih.gov/pubmed/19339108
https://www.ncbi.nlm.nih.gov/pubmed/19339108
https://www.ncbi.nlm.nih.gov/pubmed/19339108
https://www.ncbi.nlm.nih.gov/pubmed/19339108
https://www.ncbi.nlm.nih.gov/pubmed/19162239
https://www.ncbi.nlm.nih.gov/pubmed/19162239
https://www.ncbi.nlm.nih.gov/pubmed/19162239
https://www.ncbi.nlm.nih.gov/pubmed/2203073
https://www.ncbi.nlm.nih.gov/pubmed/2203073
https://www.ncbi.nlm.nih.gov/pubmed/2203073
https://www.ncbi.nlm.nih.gov/pubmed/28198058
https://www.ncbi.nlm.nih.gov/pubmed/28198058
https://www.ncbi.nlm.nih.gov/pubmed/27556779
https://www.ncbi.nlm.nih.gov/pubmed/27556779
https://www.ncbi.nlm.nih.gov/pubmed/27556779
https://www.ncbi.nlm.nih.gov/pubmed/22341346
https://www.ncbi.nlm.nih.gov/pubmed/22341346
https://www.ncbi.nlm.nih.gov/pubmed/22341346
https://europepmc.org/abstract/med/27526555
https://europepmc.org/abstract/med/27526555
https://europepmc.org/abstract/med/27526555
https://www.ncbi.nlm.nih.gov/pubmed/3207859
https://www.ncbi.nlm.nih.gov/pubmed/3207859
https://www.ncbi.nlm.nih.gov/pubmed/3207859
https://www.ncbi.nlm.nih.gov/pubmed/25664689
https://www.ncbi.nlm.nih.gov/pubmed/25664689
https://www.ncbi.nlm.nih.gov/pubmed/25664689
https://www.ncbi.nlm.nih.gov/pubmed/26083455
https://www.ncbi.nlm.nih.gov/pubmed/26083455
https://www.ncbi.nlm.nih.gov/pubmed/26083455
https://pubs.acs.org/doi/abs/10.1021/bi00841a021
https://pubs.acs.org/doi/abs/10.1021/bi00841a021
https://www.ncbi.nlm.nih.gov/pubmed/21665232
https://www.ncbi.nlm.nih.gov/pubmed/21665232
https://www.ncbi.nlm.nih.gov/pubmed/21665232
https://www.ncbi.nlm.nih.gov/pubmed/21665232
https://www.nature.com/articles/srep43141
https://www.nature.com/articles/srep43141
https://www.ncbi.nlm.nih.gov/pubmed/20416788
https://www.ncbi.nlm.nih.gov/pubmed/20416788
https://www.ncbi.nlm.nih.gov/pubmed/20416788
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3803%2820010401%2945%3A2%3C143%3A%3AAID-FOOD143%3E3.0.CO%3B2-8
https://onlinelibrary.wiley.com/doi/abs/10.1002/1521-3803%2820010401%2945%3A2%3C143%3A%3AAID-FOOD143%3E3.0.CO%3B2-8
https://www.ncbi.nlm.nih.gov/pubmed/1760130
https://www.ncbi.nlm.nih.gov/pubmed/1760130
https://www.ncbi.nlm.nih.gov/pubmed/1760130
https://www.ncbi.nlm.nih.gov/pubmed/24817133
https://www.ncbi.nlm.nih.gov/pubmed/24817133
https://www.ncbi.nlm.nih.gov/pubmed/24817133
https://www.ncbi.nlm.nih.gov/pubmed/7522014
https://www.ncbi.nlm.nih.gov/pubmed/7522014
https://www.ncbi.nlm.nih.gov/pubmed/7522014
https://www.ncbi.nlm.nih.gov/pubmed/12472586
https://www.ncbi.nlm.nih.gov/pubmed/12472586
https://www.ncbi.nlm.nih.gov/pubmed/12472586
https://www.ncbi.nlm.nih.gov/pubmed/3796016
https://www.ncbi.nlm.nih.gov/pubmed/3796016
https://www.ncbi.nlm.nih.gov/pubmed/3796016
https://www.ncbi.nlm.nih.gov/pubmed/3796016
http://sphinxsai.com/Vol.3No.1/pharm_jan-mar11/pdf/JM11(PT=29)%20pp%20157-159.pdf
http://sphinxsai.com/Vol.3No.1/pharm_jan-mar11/pdf/JM11(PT=29)%20pp%20157-159.pdf
https://www.ncbi.nlm.nih.gov/pubmed/5423
https://www.ncbi.nlm.nih.gov/pubmed/5423
https://www.ncbi.nlm.nih.gov/pubmed/22841692
https://www.ncbi.nlm.nih.gov/pubmed/22841692
https://www.ncbi.nlm.nih.gov/pubmed/22841692
https://www.ncbi.nlm.nih.gov/pubmed/9887522
https://www.ncbi.nlm.nih.gov/pubmed/9887522
https://www.ncbi.nlm.nih.gov/pubmed/9887522
https://www.tandfonline.com/doi/abs/10.1271/bbb.61.2100
https://www.tandfonline.com/doi/abs/10.1271/bbb.61.2100
https://www.tandfonline.com/doi/abs/10.1271/bbb.61.2100
https://www.ncbi.nlm.nih.gov/pubmed/28428129
https://www.ncbi.nlm.nih.gov/pubmed/28428129
https://www.ncbi.nlm.nih.gov/pubmed/28428129
https://www.ncbi.nlm.nih.gov/pubmed/28428129
https://www.ncbi.nlm.nih.gov/pubmed/16603211
https://www.ncbi.nlm.nih.gov/pubmed/16603211
https://www.ncbi.nlm.nih.gov/pubmed/16603211
https://pubs.acs.org/doi/abs/10.1021/jf062206a
https://pubs.acs.org/doi/abs/10.1021/jf062206a
https://www.sciencedirect.com/science/article/pii/S0176161700801613
https://www.sciencedirect.com/science/article/pii/S0176161700801613
https://www.sciencedirect.com/science/article/pii/S0176161700801613
https://www.ncbi.nlm.nih.gov/pubmed/7991538
https://www.ncbi.nlm.nih.gov/pubmed/7991538
https://www.ncbi.nlm.nih.gov/pubmed/7991538
https://www.ncbi.nlm.nih.gov/pubmed/10631250
https://www.ncbi.nlm.nih.gov/pubmed/10631250
https://www.ncbi.nlm.nih.gov/pubmed/10631250
https://www.ncbi.nlm.nih.gov/pubmed/10631250
http://europepmc.org/abstract/med/18561962
http://europepmc.org/abstract/med/18561962
https://www.ncbi.nlm.nih.gov/pubmed/12387886
https://www.ncbi.nlm.nih.gov/pubmed/12387886
https://www.ncbi.nlm.nih.gov/pubmed/10746875
https://www.ncbi.nlm.nih.gov/pubmed/10746875
https://www.ncbi.nlm.nih.gov/pubmed/10656592
https://www.ncbi.nlm.nih.gov/pubmed/10656592
https://www.ncbi.nlm.nih.gov/pubmed/10656592
https://www.ncbi.nlm.nih.gov/pubmed/10656592
http://europepmc.org/abstract/med/10521720
http://europepmc.org/abstract/med/10521720
http://europepmc.org/abstract/med/10521720
https://link.springer.com/article/10.1007/BF00193231
https://link.springer.com/article/10.1007/BF00193231
https://link.springer.com/article/10.1007/BF00193231
https://www.sciencedirect.com/science/article/abs/pii/S003194220090565X
https://www.sciencedirect.com/science/article/abs/pii/S003194220090565X


Therapeutic proteases from plants: biopharmaceuticals with multiple applications 109
Copyright:

©2019 Silva-López et al.

Citation: Silva-López RE, Gonçalves RN. Therapeutic proteases from plants: biopharmaceuticals with multiple applications. J Appl Biotechnol Bioeng. 
2019;6(2):101‒109. DOI: 10.15406/jabb.2019.06.00180

84.	 Nakagawa M, Ueyama M, Tsuruta H, et al. Functional analysis of the 
cucumisin propeptide as a potent inhibitor of its mature enzyme. J 
Biol Chem. 2010;285:29797–29807. 

85.	 Yonezawa H, Kaizuka H, Uchikoba T, et al. Substrate specificity of 
cucumisinon synthetic peptides. Biosci Biotechnol Biochem. 2000; 
64(10):2104–2108.

86.	 Dodson G, Wlodawer A. Catalytic triads and their relatives. Trends 
Biochem Sci. 199823(9):347–352.

87.	 van der Hoorn RAL. Plant proteases: From phenotypes to molecular 
mechanisms. Annu Rev Plant Biol. 2008;59:191–223.

88.	 Yamagata H, Masuzawa T, Nagaoka Y, et al. Cucumisin, a serine 
protease from melon fruits, shares structural homology with 
subtilisin and is generated from a large precursor. J Biol Chem. 1994; 
269(52):32725–32731. 

89.	 Sotokawauchi A, Kato-Murayama M, Murayama K et al. Structural 
basis of cucumisin protease activity regulation by its propeptide. J 
Biochem. 2017;161(1):45–53.

90.	 Uchikoba T, Kaneda M. Milk-clotting activity of cucumisin, a plant 
serine protease from melon fruit. Appl Biochem Biotechnol. 1996; 
56(3):325–330.

91.	 Pepe A, Frey ME, Muñoz F, et al. Fibrin(ogen) olytic and antiplatelet 
activities of a subtilisin-like protease from Solanum tuberosum 
(StSBTc-3). Biochimie. 2016;125:163–170.

92.	 Figueiredo J, Sousa Silva M, Figueiredo A. Subtilisin-like proteases 
in plant defence: the past, the present and beyond. Mol Plant Pathol. 
2017;19(4):1–12.

93.	 Ramli AN, Aznan TN, Illias RM. Bromelain: from production to 
commercialization. J Sci Food Agric. 2017;97(5):1386–1395.

https://doi.org/10.15406/jabb.2019.06.00180
https://www.ncbi.nlm.nih.gov/pubmed/20639575
https://www.ncbi.nlm.nih.gov/pubmed/20639575
https://www.ncbi.nlm.nih.gov/pubmed/20639575
https://www.ncbi.nlm.nih.gov/pubmed/11129582
https://www.ncbi.nlm.nih.gov/pubmed/11129582
https://www.ncbi.nlm.nih.gov/pubmed/11129582
https://www.ncbi.nlm.nih.gov/pubmed/9787641
https://www.ncbi.nlm.nih.gov/pubmed/9787641
https://www.ncbi.nlm.nih.gov/pubmed/18257708
https://www.ncbi.nlm.nih.gov/pubmed/18257708
https://www.ncbi.nlm.nih.gov/pubmed/7806492
https://www.ncbi.nlm.nih.gov/pubmed/7806492
https://www.ncbi.nlm.nih.gov/pubmed/7806492
https://www.ncbi.nlm.nih.gov/pubmed/7806492
https://www.ncbi.nlm.nih.gov/pubmed/27616715
https://www.ncbi.nlm.nih.gov/pubmed/27616715
https://www.ncbi.nlm.nih.gov/pubmed/27616715
https://www.ncbi.nlm.nih.gov/pubmed/8984904
https://www.ncbi.nlm.nih.gov/pubmed/8984904
https://www.ncbi.nlm.nih.gov/pubmed/8984904
https://www.ncbi.nlm.nih.gov/pubmed/27039890
https://www.ncbi.nlm.nih.gov/pubmed/27039890
https://www.ncbi.nlm.nih.gov/pubmed/27039890
https://www.ncbi.nlm.nih.gov/pubmed/28524452
https://www.ncbi.nlm.nih.gov/pubmed/28524452
https://www.ncbi.nlm.nih.gov/pubmed/28524452
https://www.ncbi.nlm.nih.gov/pubmed/27790704
https://www.ncbi.nlm.nih.gov/pubmed/27790704

	Title
	Abstract
	Keywords
	Introduction
	Conclusion
	Acknowledgments
	Conflicts of interest  
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1 

