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ABSTRACT

The partial characterization and purification of lkiclotting enzyme obtained from the (root latek)Jacaratia
corumbensis O. kuntze was studied, by fractionacipitation with ammonium sulphate and ion exchange
chromatography. The ammonium sulphate precipitateved five fractions (AS1— 0-20%; AS2 — 20-40%; A8B-
60%; AS4 — 60-80%; AS5 — 80-100%) and among thetifras obtained, the 40-60% fraction (AS3) showesl t
highest milk clotting activity with a purificatidiactor of 1.2 fold in relation to the crude extraghis fraction when
applied on Mono Q column yielded two protein pgglsand p2), but p1 pool showed the best milkicigtactivity.
The optimal pH for the crude and partially purifiedtract was 6.5 and 7.0, respectively. The maximmilizclotting
activity was at 55°C for the both crude and paRigdurified extracts. The enzyme was inhibiteddzjoacetic acid
which suggested that this enzyme was a cysteinega®, with molecular weight of 33 kDa.

Key words: Jacaratia corumbensi®©. kuntze; Milk clotting enzyme; CharacterizatidPgrification, Vegetable
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INTRODUCTION concentration that cleaves specificalkappa

casein, induced milk-clotting with high specific
Milk-clotting by proteolytic enzymes is very milk-clotting activity and low general proteolytic
important in dairy technology. The enzymaticactivity. It's very important for cheese
coagulation of milk involves a specific hydrolysis manufacture because minimize the general non-
of the Phe-Met bondkappacasein covering the especific proteolysis and prevents excessive
protein micelles (Law, 1999). proteolysis during maturation, ensuring the correct
The traditional product, calf rennet, has alwaygatio between protein and peptides. The excessive
been the reference product because high chymosin
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proteolysis can, moreover, lead to bitter tastebtained from the root was diluted (1g) in 100 ml
(Law, 1999). 0.9% (w/v) NaCl solution. The solution was then
In the past, only calf rennet was used for cheesgtirred at room temperature (9 for 1 h and
making. The worldwide increase of cheesdiltered through a filter paper and maintained at
production and the reduced supply of calf renned°C. This solution was used for the determination
led to search for rennet substitutes (Lopes et alaf total protein, proteolytic and milk clotting
1998). Rennet substitutes of plant origin have beeactivities.
increasingly used to manufacture the cheese,
especially at the artisanal level. Application ofProtease Assay
plant coagulants allows target cheese productior,otal protease activity was assayed at 25°C as
and hence contributes to improve the nutritionatlescribed by Ginther (1979), using azocasein (1%
input of those populations on whom restrictionsw/v, Sigma) in 0.1 M Tris-HCI (pH 7.6)
are improbable by the use of animal rennets (Silvaontaining 10 mM CaGlas a substrate. One unit
and Malcata, 2005). of activity was defined as the amount of enzyme
Vegetable rennet extracted fromCynara that produces an increase in the absorbance of 1.0
cardunculus L. (cardoon flowers) is used for in 1 h at 440 nm. Total protein was determined by
various cheese productions, such as La Sererlae method described by Bradford (1976) using
cheese, a semi-hard Spanish variety manufacturdmbvine serum albumin as standard.
from raw merino ewes’ milk. Aqueous extracts of
these flowers have been employed for ages iMilk Clotting Protease Assay
Portugal and bordering regions of Spain for thefhe milk-clotting protease was assayed as
production of traditional cheeses from raw ewe’sdescribed by Arima et al. (1970). A 10 % (w/v)
milk (Roa et al., 1999) and/or goat’'s milk (Silva e skim milk solution containing 10 mM CaCWas
al., 2003). High levels of proteolytic enzymes inused as substrate. One unit of activity was defined
the flowers are responsible for the effectiveas the amount of enzyme that clotted 1 ml of
clotting of milk (Lamas et al., 2001). substrate in 40 min at 35°C.
Plant proteases employed for cheese production in
various areas of the world include papainPartial Purification of Milk Clotting Protease
bromelain, ficin, oryzasin, cucumisin, sodom appld-or the initial purification step, the crude extrac
protease and lettuce protease, extracted frogontaining the enzyme was fractionated using the
Carica papaya Ananas comosudricus glabra increasing concentrations of ammonium sulphate
Oriza sativa, Cucumis melo ssp, Calotropisas described by Green and Hughens (1955).
procera and Lactuca sativa respectively Fractions named AS1, AS2, AS3, AS4 and AS5
(Uchikaba and Kaneda, 1996; Asakura et alwere precipitated with 0-20, 20-40, 40-60, 60-80
1997; Lo Piero et al., 2002). and 80-100% ammonium sulphate, respectively at
Wild papaya Jacaratia corumbensi®. kuntzg¢ is  4°C. The solution obtained was dissolved, were
a shrub occurring in the Brazilian semi-aridcentrifugation (20, 200for 15 min at 4°C), the
region. Its fruits are consumed by wild animalsprecipitates collected were dissolved in 2 ml df O.
and the tuber is used for animal feed in theVl phosphate buffer pH 6.5. The enzyme solution
drought periods and for making sweet paste bpbtain was dialyzed against the same buffer for 24
small farmers (Cavalcanti et al., 1999). h, at 4°C. The proteolytic and milk-clotting
In this work, the biochemical properties andactivities were determined as described previously.
partial purification of milk-clotting protease from The enzyme solution precipitated in 40-60%
Jacaratia corumbensi®. kuntze was studied. ammonium sulfate was used as sample for

chromatography in Akta system (Pharmacia).

The Mono Q HR 10/10 column (Pharmacia) was

MATERIALS AND METHODS equilibrated with 0.1 M phosphate buffer, pH 6.5
as described by the manufacturer. For the elution
Enzyme Extraction two buffers were used: Solution A (0.1 M

Fresh biological materialJ@caratia corumbensis phosphate buffer pH 6.5) and solution B (1 M
O. kuntze root) was washed several times wittNaCl) at a flow rate of 1.5 mL/min under linear
distilled water and disinfected with sodiumgradient from O to 200 mM buffer B. The protein
hypochloride (10% v/v). After this, the latex peaks were detected by the absorbance at 280 nm
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and fractions were collected at the outlet stream(24.0 kDa), trypsin inhibitor soybean (20.1 kDa)
The proteolytic and milk-clotting activities of dac and lactalbumin (14.2 kDa).
protein fraction were determined as described
previously.

RESULTS AND DISCUSSION
Effects of pH on Protease Activity and Stability
Protease activity was measured at different pkbrotease Purification
values using azoalbumin as substrate. Th®arious purification protocol for milk-clotting
azoalbumin solution was prepared in range pH 3.protease the vegetable have been described,
— 8.5 in various buffer at 25° C, such as: 100 mMnostly using chromatography. The aim of this
citrate—phosphate buffer (pH 3.5 — 5.8), 100 mMyork was to achieve one single and effective
phosphate buffer (pH 5.8 — 7.5), and 100 mMprotocol, using ammonium sulphate precipitation
Tris— HCI buffer (pH 7.0 — 8.5). The pH stability as  pre-purification and ion  exchange
was determined by incubation at different pHchromatography. Salting out (ammonium sulphate
values (pH 3.5 — 8.5) as described above, witprecipitation) of proteins is a widely used
incubation time varying from 30 to 120 minutes.technique in enzyme purification, which takes
After this time, the protease activity was measureddvantages of the desolvation effect caused by
at 25°C, using azocasein as substrate in100 mNigh concentrations of salts. This phenomenon is
Tris-HCI buffer, pH 7.6, as described previously. appropriate not so much for the fractionations of

proteins, but mainly is their concentration, and is
Effect of Temperature on Protease Activity and also useful for the removal of some contaminants
Stability (Barros et al., 2001). In this case, the ammonium
The optimum temperature for milk-clotting sulphate precipitation of crude extract showed that
activity was assayed at various temperatures (35%rotease fractionated at 40 to 60% saturation, give
85°C), using skim milk 10% as substrate. a 165.5 U/mg milk-clotting activity, was the best.
The enzyme solution was pre-incubated over rangehe yield in terms of protein content was 40%, the
of temperature from 35° to 85°C, with incubationrecovery in activity of 50% and a purification
time varied from 30 to 120 minutes for factor of 1.2 was achieved, in relation to the erud
determination of thermal stability. In this extract. The results were similar to those fourrd fo
experiment, 10% skim milk was used as substrateserine protease from lettuce leavieadtuca sativa

L.), which showed that proteolytic activity was
Inhibition Studies recovered in the 55% ammonium sulphate
To determine the class and specificity of thesaturation fraction (Lo Piero and Petrone, 1999).
protease, enzyme extracts were incubated for 1h At partial purification of the proteolytic enzyme
37°C with the inhibitors and then added tofrom fig tree latex was carried out between 50 to
azocasein as described previously. The inhibitor85% saturation (Oner and Akar, 1993). The study
used were: 0.1mM phenylmethylsulphonylfluorideof proteases fromCynara cardunculusshowed
(PMSF), 0.1 mM pepstatin A, 0.1 mM three proteases with milk clotting activity after
benzamidine solution in dimethyl sulfoxide fractional ammonium sulphate precipitation
(DMSO), 0.1 mM ethylenediamine tetraacetichetween 30 and 80% saturation (Heimgartner et

(EDTA) and 0.1 mM iodoacetic acid. al., 1990). Ammonium sulphate precipitation was
chosen in this study because of its simplicity and
Electrophoresis the economy of the method, but results showed

Polyacrylamide gel electrophoresis (SDS-PAGE}hat there was no significant increase in the milk
(Laemmli, 1970) was carried out 5% (w/V)clotting activity. The AS3 fraction (40-60%
stacking gel and 12.5% (w/v) separating gel. Themmonim sulfate) with milk-clotting activity was
molecular weight of the milk clotting proteaseapplied to a Mono Q HR 10/10 column. Two
from Jacaratia corumbensisO. kuntze was protein peaks (pl and p2) were obtained, and only
estimated using the protein standards (Sigmajn the first milk-clotting activity was observed.
bovine albumin (66.0 kDa), ovalbumin (45.0 kDa),The elution pattern of the chromatography is
glyceraldehyde 3-phosphate dehydrogenase (36sBown in Fig. 1. After this chromatography, the
kDa), carbonic anhydrase (29.0 kDa), trypsinogepurified enzyme solution obtained was used as
sample for electrophoresis (SDS-PAGE). In Fig. 2
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can be observed the SDS-PAGE gel, with oneehromatography by using Mono Q HR 10/10
single major band, which revealed a protein with acolumn in Akta system.

molecular weight of approximately 33 kDa.

These results can be compared with study of milkeffects of Various Inhibitors

clotting protease from flowers ofCynara The specific hydrolysis reaction &Bppacasein
cardunculus with three proteases with milk protein in milk can be evaluated by the protease
clotting activity after two steps of the type. The main method for the study of protease
chromatography (DEAE-Sepharose and MonoQypes is reaction in the presence of inhibitoree T
column) (Heimgartner et al., 1990). The purifiedmilk clotting protease fromJ. CorumbensigO.
proteases showed only one band for each proteadajntze was inhibited completely by iodoacetic
with molecular weights of 41, 42 and 45 kDa.acid but was not affected by other inhibitors,
Other work showed the presence of three peaksuggesting a cysteine protease (table 1). The milk-
corresponding to Cardosin A and Cardosin B afteclotting protease reported in literature are agpart
ion exchange chromatography that purified theproteases, mainly animal and microbial source,
acidic dried flowers extract o€. cardunculus but protease from the vegetable can be used too,
with gel filtration (Sephacryl S-100 — Pharmacia)such as seric proteases such as cucumisin (EC
and ion exchange chromatography (HiTrap Q HF3.4.21.25), cysteine proteases i.e. papain (EC
— Pharmacia) (Silva et al., 2003). The3.4.22.2) and ficin (EC 3.4.22.3) (Uchikaba and
electrophoretogram profile of three peaks showedaneda, 1996).

polypeptides with 30 to 15 kDa for cardosin A

and 31 kDa to 14 kDa for cardosin B. The Effect of pH on Proteolytic Activity/Stability
purification of milk clotting protease from lettuce The pH-activity profiles of the enzyme from the
leaves by combination of (NJEQ, fractionation, crude and purified extract are shown in Fig. 3.
gel filtration and anionic exchange The activity of the enzyme was optimal when the
chromatography gave a single band with amassay was carried out at pH 6.5 for the crude
apparent molecular weight of 40 kDa (Lo Piero etextract and pH 7.0 for partially purified extraét.

al., 2002). pH 3.5, about 35% and 40% of the maximum
Results indicated that the purification of milk- activity was obtained for the crude and partially
clotting enzyme fromJ. corumbensiscould be purified, respectively. At pH 8.5, the protease
achieved in two steps, one pre-purification byactivity decreased 30 and 60%, respectively for
ammonium sulfate precipitation and the crude and partially purified extract.
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Figure 1 - Elution pattern of the 40-60%, ammonium sulph&tection from Jacaratia
corumbensi®©. kuntze on Mono Q column.
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Figure 2 - SDS-PAGE (12.5%) analysis of the purificatioroggdures of the milk-clotting
protease fromJacaratia corumbensi®. kuntze. Lane 1: molecular mass markers;
lane 2: ammonium sulphate precipitated fractior6@®, 15ug; lane 3. fraction 27
(protein peak first) from the step on Mono Q,iph

Table 1 - Effects of various inhibitors on the milk-clattj protease activity from Jacaratia root latex.

Inhibition (%)

Inhibitors CE® PPE
EDTA 9+1.41 0.0
PMSF 20+0.71 1#2.12

lodoacetic acid 100+0.0 10@0.0

Pepstatin 21+0.0 2(2.12

Benzamidine 11+1.41 0.7
3 crude extractPPE Partially purified protease
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Figure 3 - Effect of pH on activity the milk-clotting praase of theJacaratia corumbensi©.
kuntze (Crude Extract)-Buffer solutions 0.1M phaaghcitrate %); phosphates) and
Tris-HCI (A), (Partially Purified Extract)-Buffer solutionslM phosphate citrate);
phosphate®) and Tris-HCI A).
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These pH profile results could be compared withmaximum activity in the acidic pH range
other work for another milk clotting enzyme from (Fadyloglu, 2001).

Lactuca sativdeaves, where the optimum pH was The crude and partially purified extracts were
around 6.5 - 8.0 for several substrates used (Letable in the acidic pH range (3.6 — 6.5) and
Piero et al., 2002). However, the results obtainedetained 100% of initial proteolytic activity after
were different with the milk-clotting enzyme from 120 min (as shown the Fig. 4). In the basic pH
Cynara cardunculuswhich showed a maximum range, however, only 60 and 80% (crude and
activity around pH 5.1. Milk-clotting protease partial purified) of initial proteolytic activity as
obtained from the latex byricus carica had retained after 120 min in pH 8.5.
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Figure 4 - Effect of pH on stability of crudes] and partially purified %) protease frondacaratia
corumbensi®. kuntze carried out at %5 during 120 min. The reaction was carried
out in the following buffer solutions 0.1M: phospéaitrate (3.6 - 5.8), phosphate (6.1
- 7.5) and Tris-HCI (8.0 and 8.5).

Effect of Temperature on Milk-clotting and Asakura et al. (1997) with the proteases from
Activity/Stability Lactuca sativaL. and oryzasin fronOriza sativa
The optimal temperature for milk-clotting activity that exhibited optimal temperature as 50°C. The
was at 55°C for both crude and partially purifiedcrude and partially purified extract ofl.
extract, showing 800% and 270 % of activity corumbensigetained approximately 100% milk-
(Fig. 5), but their activities were decreased at 7=%lotting activity after 15 and 30 min at 35°C,
and 85°C for both the extracts. The results wereespectively (Figs. 6 and 7.
similar to those found by Lo Piero at. (2002)
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Figure 5 - Effect of temperature on the milk-clotting prase of thelacaratia corumbensi©.
kuntze Crude Extracaj; Partially Purified Extracts().
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Figure 6 - Thermal stability of proteases frodacaratia corumbensi®. kuntze (Crude Extract)
350 (m); 45° (¢); 55° (A); 65° (0); 75° (A) and 85°C Q).
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Figure 7 - Thermal stability of proteases frodacaratia corumbensi®©. kuntze (Partially
Purified Extract) 35°%); 45° @); 55° (A); 65° (0); 75° (&) and 85°C Q).

However, the activity of crude extract fell to 13% original activity (Lo Piero et al.,, 2002). The
after 15min at 85°C was inactivated after 90 minpartially purified extract retained approximately
at 75°C. The partially purified extract was 80% milk-clotting activity after 90 min at 35°C,
inactivated after 15 min at 75 and 85°C. Theséut activity decrease to 20% after 90 mirb&afC.
results could be compared with other work whichThe partially purified extract was inactivated
did not observe a loss of milk-clotting activity gt g5°C after 15 min.

with a crude extract obtained Bplanum dobium The results suggested that the proteases obtained
after 10 min at 40 and 50°C (Yousief et al., 1996)from the latex of Jacaratia corumbensisO.
However, the results reported for lettuce proteasgunize root might be a potential source for
leaves showed that incubation at 50°C did nognzymes useful in dairy applications.

greatly affect the enzyme, as it retained 80% of
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