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ABSTRACT

Proteases are one of the industrially most important enzymes, the cata-
Iytic function of which is to hydrolyze the peptide bonds of proteins.
Serine proteases are a subfamily of endopeptidases that are useful in a
variety of applications, especially in the food processing industry.
Cucumisin is an extracellular thermostable alkaline serine protease that
is expressed at high levels in melon fruits (CucumismeloL.). This fo-
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cused review encompasses an overview on plant serine proteases (espe-
cially cucumisin) and their classification, mechanism and food applica-

tions mainly of melon source in a handy module.
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INTRODUCTION

Melon (CucumismeloL.. 2n=24) is an economi-
cally important vegetable which is subdivided into
six cultivar groups Cantaloupensis, Inodorus,
Flexuosus, Conomon, Chito-Dudaim and
Momordicad¥. Melon (Cucumismelo L) isanimpor-
tant and a popular horticultural crop in the world
with an overall annual production of 26.8 million
tons and planted areaof about 1.3 million ha? where
China, Turkey, Iran, United Statesand Spain arethe
major producers. In 2010, China had the largest
melon-cultivating ared®. Me on can grow anywhere
in the world due to its good adaptation to various
soil types and climatic conditions. The melon fruit
contains 93% water and small amount of carbohy-
drates, sugars, vitamins, mineralsand enzymes. Nu-
tritionists claim that daily consumption of melon can
prevent stroke, decrease cholesterol and add energy.

Proteases are one of the most important classes
of proteolytic enzymeswidely distributed in the ani-
mal, plant and as well as microbes (bacteria, fungi
and yeasts). Proteases catalyse the cleavage of
polypeptides to oligopeptides or amino acids. The
importance of proteases lies in their versatility as
agents of many critical biological processesthat in-
cludethevital functioning of the regulating metabo-
lism, gene expression, pathogenicity, modification
of enzymes, and in the hydrolysis of larger proteins
to short peptidesfor transportation and metabolism(¥.
Theseenzymescarry out proteolysisi. e. break down
proteins by hydrolysis of the peptide bond that ex-
Ists between two amino acids of apolypeptide chain.
Proteolytic enzymes are very important in digestion
as they breakdown the peptide bondsin the protein
foodsto liberate the amino acids needed by the bodly.
Additionally, proteolytic enzymes have been used
for along time in various forms of therapy. Their
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usein medicineis notable based on severa clinical
studiesindicating their benefitsin oncology, inflam-
matory conditions, blood rheology control, and im-
mune regulation. Protease aso has an ability to di-
gest unwanted debrisin the blood including certain
bacteria and viruses. Therefore, protease deficient
people areimmune compromi sed, making them sus-
ceptible to bacterial, viral and yeast infections and
ageneral decrease in immunity. Proteases wereini-
tialy classified into endopeptidases, which target
internal peptide bonds, and exopeptidases (ami-
nopeptidases and carboxypeptidases), the action of
whichisdirected by the NH2 and COOH termini of
their corresponding substrates. However, the avail-
ability of structural and mechanistic information on
these enzymes facilitated new classification
schemes. Proteol ytic enzymes belong to the hydro-
lase class of enzymes (EC 3) and are grouped into
the subclass of the peptide hydrolases or peptidases
(EC 3.4). Based on the catal ytic mechanism and the
presence of amino acid residue(s) at the active site
the proteases can be grouped as aspartic proteases,
cysteine proteases (EC 3.4.22), glutamic proteases
(EC 3.4.19), metalloproteases (EC 3.4.24), aspar-
agine proteases (EC 3.4.23), serine proteases (EC
3.24.21), threonine proteases (EC 3.4.25), and pro-
teases with mixed or unknown catalytic mecha-
nismi>4l,

Proteases are used in awide range of foods and
food processing applications. Dairy (milk coagula-
tion, flavor development),baking (gluten develop-
ment), fish and seafood processing (fishmeals, en-
hanced oil recovery, aguaculture), animal protein
processing (improved digestibility, reduced
alergenicity, improved flavor, meat tenderization),
plant protein processing (improved functionality and
processing, generation of bio-active peptides), yeast
hydrolysis (flavor compounds) and production of
Vaue-Added Food Ingredients. Proteases are a pow-
erful tool for modifying the properties of food
proteins(soy Protein Modification for example).
Improved digestibility, improved solubility, modi-
fied functional properties (emulsification, fat-bind-
ing, water-binding, foaming properties, gel strength,
whipping properties, etc.), improved flavor and pal -
atability, Improved processing (viscosity reduction,
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improved drying, etc.).

Plant proteases have been well-known for ages
for their industrial applications due to their broad
substrate specificity and their activity over awide
range of pH and temperature values. Quantitatively,
morethan half of thetota commercially used indus-
trial enzymes are proteases”. They offer a better
opportunity for people whose eating habits, health,
religious beliefs, biotechnological level, law and
financia situation constrain the use of animal and
microbial enzymes.

The scope of this review encompasses bio-
chemical and structural approaches toward charac-
terization of plant serine proteases, especially those
most recently reported in the literature, as well as
hypotheses on their possible applications in food
Processes.

SERINE PROTEASESES(EC 3.4.21)

Serine proteases are one of the largest groups of
proteolytic enzymes involved in numerous regula-
tory processes. In plants, they are widely spread
among different taxonomic groups and are found to
beinvolved in anumber of physiological processes
such as protein degradation and processing, mi-
crosporogenesis, symbiosis, hypersensitive re-
sponse, signal transduction and differentiation, and
senescence’®. More than 500 entries of proteolytic
enzymes are documented in which serine proteases
aregrouped together into six classes; the second larg-
estisthesubtilisin class. Thefirst characterized plant
subtilase was cucumisin from sarcocarp of melon
fruit (cucumismello). With more than 200 members,
serine proteases are the largest class of proteolytic
enzymesin plants. Plant serine proteasesaredivided
into 14 families. These families belong to 9 clans
that are evolutionarily unrelated to each othert®l.

Despite being the largest class of proteases in
plant, the functions and regulatory roles of plant
serine proteases are poorly understood, probably due
to alack of identification of their physiological sub-
strates®. Oncethought to berarein plants, in recent
years, several serine proteases have been isolated
and purified from different plant parts of various
plant speciesincluding seeds, latex and fruits. They
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haveindeed been found and extracted from the seeds
of barley (HordeumvulgareL. Cv.
Morex)!® Holarrhenaantidysenterical*,
Canavaliaensiformis DC (L.)™, soybean (Glycine
max [L.] Merr.)), rice (Oryza sativa
L.)!® Caesal piniaechinata Lam. (Brazilwood)*Z,
Cucumismel ovaragrestisg*® and Solanumdubi um*#
3l from the latex of Euphorbia supine®, Figure
(Ficuscarica var. Brown Turkey)®, dandelion
(Taraxacumoffycinale Webb. Sl.), African milkbush
(SynadeniumgrantiiHook)®, Ficusreligiosa’,
jackfruit (Artocar pusheterophyllusL.)®,
Cryptolepisbuchanani®, Euphorbia neriifolia
Linn™ and Streblusasper'®; from theflowers, stems,
leaves and roots of Arabidopsis thaliana; from the
storage roots of sweet potato (Ipomoea batatasl.)
and maize (Zea maysL.)"¥; from the sprouts of bam-
boo (PleioblastushindsiiNakai)®; from the leaves
of tobacco (NicotianatabacumL.), common
bean(Phaseolus vulgaris L. cv. Cesnjevec),lettuce
(Lactuca sativa)?, tomato
(LycopersiconesculentumL.) and Kesinai Plant
(Streblusasper) ?2; from the peel of mango
(Mangiferaindica cv. Chokanan)?@ and from the
fruits of CucurbitaficifoliaL., osage orange
(Maclurapomifera), suzumeuri (Melothriajaponica
Thunb. Maxim.), “Ryukyu white gourd”
(Benincasahispidavar. Ryukyu), Japanese large
snake gourd (Tricosanthesbracteatal.am. Voigt) and
yellowsnake gourd (TricosantheskirilowiiMaxim.
var. japonica Miqg. Kitam)®, tomato
(LycopersiconesculentumMill.)?4; Kachri fruit
(CucumistrigonusRoxburghi)?; honeydew melon
(Cucumisvarlnodorus. Naud)?! and melon
(CucumismeloL.)i?",

CLASIFICATIONAND MECHANISM

Serine endopeptidases and exopeptidases are of
extremely widespread occurrence and diverse func-
tion. Many distinct families of serine proteases ex-
ist and they have been grouped into six familieg®,
of which the two largest and most well-known are
the (chymo)trypsin-like and subtilisin-likefamilies.
Both superfamiliesusethe samecatalytictriad (Asp:
a nucleophile - Ser: an electrophile- His. a base),
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which is thought to have evolved through conver-
gent evolution®. According to Dunn'®!, the basic
mechanism of action of serine proteases involves
transfer of the acyl portion of a substrate to a func-
tional group of the enzyme. The two basic steps of
catalysisby thisgroup of enzymesthusinclude:first,
the formation of an ester between the oxygen atom
of serineand the acyl portion of the substrate-which
produces atetrahedral intermediate and releasesthe
amino part of the substrate and second, the attack of
water on theacyl-enzymeintermediate, which breaks
it down and releases the acidic product-while re-
generating theorigina enzymeformf® 37,
Cucumisn

Cucumisin (EC 3.4.21.25; CAS Number:82062-
89-3) isan extracellular thermostable dkaline serine
protease that is expressed at high levels in melon
fruits (CucumismeloL .). It comprisesmorethan 10%
of the tota juice protein and is synthesized in the
central parts of the fruits. The molecular weight of
native form of cucumisin from the juice of melons
has been reported 67 kDa®!. It was found that the
amino acid sequence Gly-Thr-Ser-Met, around the
reactive serineof cucumisinisidentical with that of
subtilisin, which is a microbia serine protease®.
Cucumisin was the first characterized plant
subtilase®d. Subsequently, more cucumisin-like pro-
teases were isolated from plants. Little direct evi-
denceisavailable about the proteolytic activities of
plant subtilases, except for those with broad speci-
ficity such as cucumisisn and cucumisin-like pro-
tease. Severa cucumisin-likeenzymeswereisol ated
from other Curcubitaceae and from rice, maize,
wheat, and barley’®. Most of these enzymes show
Mr-vauesintherange 60-70 kDa and exhibit broad
specificity, preferring hydrophobic amino acid resi-
duesintheP1 position. Maturecucumisin (54 kDa)
shows optimum pH in the range 8-10 and is stable
at 60 °C and over a broad pH range (4-11).
Cucumisin is composed of multiple domain mod-
ules, including catalytic, protease-associated, and
fibronectinI11-likedomaing®!. Cucumisinisnot af-
fected by trypsin inhibitor from soybean (SBTI),
ovomucoid, cysteine proteinaseinhibitors, or ethyl-
ene ediaminetetraacetic acid (EDTA), but isstrongly
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inhibited by chloromethyl ketone derivatives of pep-
tide substrates, phenylmethylsulphonyl fluoride
(PMSF), and diisopropylfluorophosphate=s 2361,

APPLICATIONS

Plant coagulants are of growing interest, as the
use of animal rennet may be limited for religious
reasons (e.g., Judaism and Islam), diet (vegetarian-
ism), or consumer concern regarding genetically en-
gineered foods (e.g., Germany, Netherlands and
France forbid the use of recombinant calf
rennet).More recently, the incidence of bovine
spongiform encephal opathy has reduced both sup-
ply and demand for bovine rennet!*".,

Apparently, most of the isolated and character-
ized plant proteases have been classified as cys
teine proteases, which are widely used in severd
processes in the food industry®3. The major draw-
back in the use of cysteine proteases is that their
activity isreadily reduced by air oxidation and metal
ions. Thus, the application of these proteasesrequires
reducing agents and chel ating agents, which restricts
their commercial application, asthey are not so eco-
nomic and handy®¥. By contrast, plant serine pro-
teases are both stable and active under harsh condi-
tions of raised temperatures. So, the search for new
potential plant serine proteases to make industrial
processes cost-effective is still in demand.

Proteases have alarge variety of applicationsin
food industry. They have been routinely used for
various purposes such as, cheese making, baking and
meat tenderizati on%4%,

Dairy industry

Milk-clotting by proteolytic enzymes is very
important in dairy technology. The enzymatic coagu-
lation of milk involves a specific hydrolysis of the
Phe .-Met, . bond kappa-casein covering the pro-
tein micelles,depilating the casein micelle and pro-
voking themilk clottingY.

However, the increasing cheese production and
consumption, the high price and reduced supply of
rennets, aswell asthe associated ethical issueshave
led to the search for aternative or additional rennet
substitutes produced either from plants or from ge-
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netically modified microorganismg*4*°, The use of
plant coagul antsin cheese making isassociated with
many advantages. they are natural, cheap, easy to
prepare, alow straightforward process and used to
produce cheesefor ecologica marketd*”. Plant pro-
teases employed for cheese production in various
areas of the world include papain, bromelin, ficin,
oryzasin, cucumisin, Sodom apple and
Jacaratiacorumbensis“d. The milk clotting activity
of cucumisin suggests that it might be suitable for
milk-clotting production. Cucumisin exhibited the
samemilk-clotting activity of cysteine proteasessuch
aspapain, but inaddition, it produced much less bit-
ter-tasting peptides than those formed by moretypi-
cal plant cysteine proteases. Uchikoba et a shown
the milk-clotting activity of cucumisin wasthe same
to that of papain and was haf value of that of
ficaind, Dairy farmers in some parts of the Sudan
usetheberries of Solanumdubiumto makewhite soft
cheese using goat and sheep milk(4,
Reaserchesperformeda chymotrypsin-like serine
protease (dubiumin) from the seeds of
Solanumdubi umFresen has been recogni zed(15454647,
Lo Piero et a. shown that Lettucine from L. sativa
leavesis able to provoke a significant disorganiza-
tion of the micellar structure of casein andanalyzed
its proteolytic activity under various technol ogical
parameters, such astemperature and pH, and there-
sults were highly consistent with the milk-clotting
process?y,

Yoghurtisanincreasingly popular cultured dairy
product in most countries. Fruit additions have an
increasing effect on yoghurt consumption. Also, us-
ing different fruit additives give more yoghurt
choicesto the consumer in the market!*®l. Fruitsand
vegetables are good sources of vitamins, minerals,
antioxidantsand fibers. So, certain fruitscan beused
inyoghurt production for improving their nutritional
valuesand sensory properties (e.g. strawberry, apple,
cornelian, rosehip, morello cherry, grape, date and
other fruit homogenates)“84%.50, Pgpaya, kiwi, pine-
apple and khaki® and melon>2 fruitsare known for
their high nutrients and fibers content and they have
highproteolytic enzymes.

M eat processing
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Tenderness of meat isthe major factor affecting
consumer satisfaction and eating quality. In order to
improvetenderness, different physical and enzymatic
methods are adopted. Tendernessisacomplex trait.
Generdly, the two primary structural features of
musclethat influence tenderness areintegrity of the
myofibrils (termed the actomyosin effect) and the
connectivetissue contribution (termed abackground
effect)®. Naveena et al.[® evaluated many pro-
teolytic substances of plant origin and concluded that
cucumis and ginger gave better results to tenderize
buffalo meat. Kim et a.,™ shown that ginger rhi-
zome improves the palatability and acceptability of
lean beef from carcasses of marginal quality. Tradi-
tionally, the Kachri fruit, C. trigonusRoxburghi, has
been used as meat tenderizer in the Indian subconti-
nent. Asif-Ullah demonstrated that the proteolytic
activity of the fruit wasin part due to a serine pro-
tease (cucumisin-like proteases). This protease was
stable at basic pH values and at high temperature,
suggesting its potentia application in the food in-
dustry®®l. Zochowska-K ujawskashown that enzymes
of raw plant juices (mango, kiwi and papaya) could
be used astenderizersin dry sausage productiont®®,

Bakeryindustry

Proteases are used on alarge commercial scale
in the production of bread, baked goods, crackers,
pastries, biscuits and cookies®. They act onthepro-
teins of wheat flour, reducing gluten elasticity and
therefore reducing shrinkage of dough or paste after
moul ding and sheeting®®%, for instance, hydrolysis
of gluten proteins, which are responsible for the
elasticity of dough, has considerable improving ef-
fects on the spread ratio of cookied®®. Also these
enzymes can be added to reduce mixing time, to de-
crease dough consistency, to assure dough unifor-
mity, to regulate gluten strength in bread, to control
bread texture and to improve flavour®®s4, |n addi-
tion, proteases havelargely replaced bisulfite, which
was previously used to control consistency through
reduction of gluten protein disulfide bonds, while
proteolysis breaks down peptide bonds. In both
cases, the final effect is asimilar weakening of the
gluten network®?, These enzymeshave great impact
on dough rheology and the quality of bread possibly
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dueto effectson the gluten network or on gliadin(®,
OTHERAPPLICATIONS

Serine proteases are most widely used in indus-
tries. The largest application of proteasesisin de-
tergent industry whereremoval of prote naceous sub-
stances occurs at alkaline pH. Another important
application of serine proteases is in the leather in-
dustry for dehairing of hides and skins. Commer-
cialy successful uses of serine proteases are also
mentioned inleather processing, tanning, silk
processing,waste treatment,photographic,
textile,chemical and medical, biotechnology and
pharmacol ogy industries®,

CONCLUTION

Considering that mentioned about potentia prop-
erties cucumisinof melon juice concentrate can be
use it in different food processes, such as tenderiz-
ing meat, coagulating milk for production of special
foods, production of jelly and fruit dessert asdiges-
tion aid and baking processes. Also using this con-
centrate causes enrichmentand improvement of fla-
vor and aromaproducts. Sincethemelongrowsina
widerange of climate, melon production for extrac-
tion of cucumisin can be a source of earning ahigh
income to farmers and associated industries. This
fruit containsavaluable natural proteasethat can be
used as arich, natural, and abundant media source
for commercial production of the enzyme.
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