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Isolation and Partial Characterisation of Milk-clotting Aspartic
Protease from Streblus asper

S. Senthilkumar,1 D. Ramasamy2 and S. Subramanian1,*

1Department of Biochemistry, University of Madras, Guindy Campus, Chennai 600025, India
2Institute of Food and Dairy Technology, Tamil Nadu Veterinary and Animal Sciences University, Chennai

600052, India

A rennin-like milk-clotting protease from the twigs of Streblus asper was purified by a factor of 65 times
with 36% recovery using ethanol precipitation, ion-exchange and size-exclusion chromatographic tech-
niques. The enzyme was found to be monomeric in nature having a molecular mass of 55kDa. The
enzyme acts optimally at 55°C and was stable in the temperature range of 30–40°C. Easy enzyme inacti-
vation by moderate heating, makes this protease extract potentially useful for cheese production. The
purified enzyme is an acid protease with an optimum pH of 5.5 and it retained 96% of its residual
activity between pH 5.0 and 6.0. Pepstatin A inhibited the proteinase activity, whereas iodoacetamide,
phenylmethyl sulphonyl fluoride, �-mercaptoethanol and ethylenediaminetetraacetic acid had no
significant inhibitory effect suggesting the presence of aspartic acid residue at the active site. The milk-
clotting aspartic protease showed predominant �-helical conformation in phosphate buffer as evidenced
from circular dichroic spectroscopy.
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INTRODUCTION

The worldwide increase of cheese production,
scarcity and the high price of traditional calf rennet has
promoted research for rennet substitutes (Escobar and
Barnett, 1993). Rennet (EC 3.4.23.4), an aspartate pro-
tease, is the main enzyme employed in cheese produc-
tion. Rennet not only clots the milk but also plays an
important role during cheese maturation, which is a
vital and complex process for the balanced develop-
ment of flavour and texture (Sousa and Malcata, 2002).
Proteases are extensively used in food biotechnology,
especially in cheese making (Ambrosio et al., 2003).
The cheese industry is seeking novel sources of
enzymes for cheese production (Poza et al., 2003). For
the successful production of cheese it is necessary to
use rennin possessing strong milk-clotting activity with
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least proteolytic action to minimise the dissolution of
the curd (Escobar and Barnett, 1993; Turhan and
Mutlu, 1998). Bovine, chicken, porcine pepsins and fish
chymotrypsins (Ramakrishna et al., 1987) as well as
acid proteases from fungi, microorganisms (Areces et
al., 1992; Jackman et al., 1985) and native/genetically
modified microorganisms (Areces et al., 1992; Seker et
al., 1999; Van den Berg et al., 1990) have been used,
but most of them gave rise to unwanted final products
or led to ethic and public health problems that discour-
age their use. Recently, search for milk coagulants
from plant origin has gained importance (Lopes et al.,
1998) and the most widely utilised plant proteases are
papain, bromelain and ficin extracted from Carica
papaya, Ananas comosus and Ficus glabra, respec-
tively. Due to the high quality of the cheese produced
using plant enzymes called cynarases there is an
increasing demand for plant proteases (Heimgartner et
al., 1990). Application of plant coagulants allows target
cheese production, and hence contributes to improve
the nutritional input of those populations on whom
restrictions are imposed by use of animal rennets
(Gupta and Eskin, 1977). La Serena, Serpa and Serra
cheeses manufactured with raw ovine milk and coagu-
lated by plant rennet are of great importance (Macedo
et al., 1993; Freitas et al., 2000; Cordeiro et al., 1992) in
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European countries especially Portugal and Spain.
Otani et al. (1983) purified a milk-clotting enzyme from
Wrightiana calysina twigs using chromatography on
DEAE Cellulose, Sephadex-G-100 and cm-Cellulose.
The Calotropis procera juice has been used over the
years in some parts of West Africa for the production of
a soft unripened cheese (Aworh and Egounlety, 1985).

The aspartic proteinases (E.C. 3.4.23.X) are a well-
studied class of enzymes, and their structure and mechan-
ism is extensively documented (Davies, 1990; Chitpinitoyl
and Crabbe, 1998). Aspartic proteinases constitute a
heterogeneous class of proteinases with a varied range of
activity and specificity. Cynara cardunculus L. coagulant
contains two aspartic proteinases cardosin A and B, car-
dosin B being more proteolytic than cardosin A (Esteves
et al., 1995). Verissimo et al. (1996) purified two new milk-
clotting aspartic protease (cardosin A and cardosin B)
from stigmas of the cardoon Cynara cardunculus L. by a
two-step purification procedure including extraction at a
low pH, gel filtration on Superdex 200, and ion-exchange
chromatography on Mono Q. S. asper is a medium-size
tree and belongs to the Moraceae family. The plant S.
asper contains a protease, which can be used to coagulate
milk (Idris et al., 1999). Preliminary studies conducted by
the authors on different parts of the plant using various
extraction methods revealed that considerable amounts of
protease are present in the twigs of S. asper. In addition
the 70% ethanol precipitant showed the highest milk-clot-
ting activity (Nareshkumar et al., 2002). Only few milk-
clotting aspartic proteinases of plant origin have been
purified and characterised so far. In this paper, the authors
report on the isolation, purification and partial character-
isation of one such protease from the twigs of S. asper.

MATERIALS AND METHODS

Materials

Column chromatography material and standard pro-
teins used for gel permeation chromatography (GPC)
studies were purchased from Sigma Chemicals Co., St.
Louis, MO, USA. Casein was obtained from Himedia,
Mumbai, India and molecular markers for electrophoresis
were procured from New England Biolabs. Other chemi-
cals used were of high purity analytical grade.

The S. asper twigs were obtained from the Institute
of Food and Dairy Technology, Tamil Nadu Veteri-
nary and Animal Sciences University, Chennai.

Methods

Preparation of Crude Extract and Fractionation with
Ethanol

All the steps involved in the purification of enzymes
were performed at 0–4°C. Ten grams of twigs of S.

asper were frozen in liquid nitrogen and homogenised
to a fine powder in a mortar. This powder was
extracted with 30mL of 50mM phosphate buffer (pH
7.2). The homogenate was centrifuged at 10,000 �g for
10min to give a crude extract. The crude extract was
treated with equal volumes of 70% ethanol and kept
overnight for complete precipitation. The supernatant
was decanted and the precipitate was then centrifuged
(10,000�g, 15min) pellet washed with 50mM phos-
phate buffer pH 7.2 and freeze-dried (Savant Micro
Modulyo, USA). The lyophilised extract was reconsti-
tuted in 50mM phosphate buffer pH 7.2 and cen-
trifuged (10,000 �g, 10min). The supernatant was
harvested and stored at 4 °C for further use.

Ion-exchange Chromatography

The enzyme preparation obtained from the above
step was applied to an activated DEAE-cellulose
column (30�1.5cm) previously equilibrated with
50mM phosphate buffer pH 7.2. Fractions of 2mL
were eluted at the flow rate of 0.25mL/min with a
linear gradient of 0–0.5M NaCl. The activity of the
fractions and protein content were determined. The
active fractions were pooled and stored at 4 °C.

Size-exclusion Chromatography

The active enzyme preparation obtained from ion-
exchange chromatography was then applied to a
Sephadex-G-200 column (18 �1.5cm) pre-equilibrated
with 50mM phosphate buffer, pH 7.2. Protein was
eluted at 0.3mL/min and 2mL fractions were collected
in each tube and monitored at 280nm in a UV-V spec-
trometer (PerkinElmer, Lambda EZ 201). The pooled
active fractions were subjected to protein estimation
and then concentrated by dialysis (average flat width
33mm, average. diameter 21mm; Sigma Chemical Co.,
USA) against distilled water for 12h with repeated
washings and then freeze-dried.

Determination of Purity and Molecular Mass

SDS-PAGE was performed in a vertical gel appar-
atus (Genei, Bangalore) according to the method of
Laemmli using 4% stacking and 10% resolving poly-
acrylamide gel (Laemmli, 1970). Samples containing
approximately 10�g of protein were applied to the gel
and electrophoresed at 200V for 50min. Proteins were
stained with 0.25% (w/v) coomassie brilliant blue in
50% (v/v) methanol and 7.5% (v/v) acetic acid for
45min. The molecular weight of the protease was deter-
mined by interpolation from a linear semi-logarithmic
plot of relative molecular weight versus the Rf (relative
mobility) using standard molecular weight markers. The
molecular weight of the protease was also further con-
firmed by the Sigma Gel Gelanalysis Software.
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The molecular mass of the purified enzyme (20�g in
20�L) was also estimated by GPC (Waters 2414 Refrac-
tive Index Detector) using an Ultra hydrogel – 500
(7.8�300mm) and Ultra hydrogel – 250 (7.8�300mm)
column, previously equilibrated with 50mM phosphate
buffer, pH 7.2 at a flow rate of 1mL/min. The column
was calibrated with reference proteins (each 1mg/mL,
20�L) Catalase (232kDa), Bovine serum albumin
(67kDa), Ovalbumin (43kDa) and Carbonic anhydrase
(30kDa) for molecular weight estimation under identical
conditions. The Mr of protease was estimated from a
semilogarithmic plot of the Mr values for the calibration
proteins against the elution volume.

Milk-clotting Activity

The milk-clotting activity of enzyme was determined
following reported procedure of Arima et al. (1970)
with some modifications. Briefly, 5mL of assay milk
(10% skimmed milk and 0.01M CaCl2.2H2O in distilled
water) was taken in a test tube and the contents were
brought to 37°C. To this 0.5mL of enzyme extract was
then added and the curd formation was observed while
manually rotating the test tube from time to time. The
end point was recorded when discrete particles were
discernible. One milk-clotting unit is defined as the
amount of enzyme present in 1mL of extract clotting
10mL substrate in 40min, i.e.

Milk-clotting (U/mL)�2,400/t�D.F.

where t is clotting time and D.F. is dilution factor.

Caseinolytic Activity

The proteolytic activity of the enzyme was assayed
by following reported procedure (Arima et al., 1970).
To 2.5mL of 1% (w/v) alkali soluble casein in 0.02M
potassium phosphate buffer (pH 6.5), 0.5mL of
enzyme extract was added. The reaction mixture was
incubated at 37°C in a water bath for 10min and the
reaction was terminated by adding 2.5mL of 0.44M
trichloroacetic acid. The precipitate formed was
removed by filtration through Whatman No. 1 filter
paper. One millilitre of 1N Folin-Ciocalteu reagent
and 2.5mL of 0.55M sodium carbonate solution was
added to 1mL of the above clear filtrate. This was
further incubated for 20min at 37°C for colour devel-
opment. The optical density at 660nm expresses activ-
ity in terms of proteolytic units (PU).

Effect of pH on Enzyme Activity and Stability

The activity of the purified enzyme was measured at
different pH values. The pH of the reaction mixture
was adjusted using one of the following buffers: 50mM
sodium citrate buffer (pH 3.0–6.0) and 50mM

Tris–HCl in the pH range 7.0–9.0. To check the pH
stability, the enzyme solution was incubated for 1h at
30°C in buffers within a pH range (3–9) and the rela-
tive activity measured.

Effect of Temperature on Activity and Stability

For determination of optimum temperature, the
reaction mixture containing skimmed milk 10% (w/v in
deionised water) with 10mM CaCl2 for assay of milk-
clotting activity was incubated over a temperature
range of 30–90°C. The thermal stability was deter-
mined by pre-incubating the enzyme in the tempera-
ture range of 30–90°C for 30min. After incubation, the
samples were submitted for determination of residual
milk-clotting activity. The thermal stability of the pro-
tease was also examined by incubating the enzyme at
40°C and 70°C for different time intervals (0–60min).

Protein

Protein content was determined by the method of
Lowry et al. (1951) with bovine serum albumin as
standard.

Inhibition Studies

The activity of the isolated protease was tested in
the presence of various known inhibitors: iodoac-
etamide, �-mercaptoethanol, ethylenediaminete-
traacetic acid, phenylmethylsulphonyl fluoride and
pepstatin A. Protease was incubated with the inhibitor
for 30min at 30°C before addition of substrate and
incubation then continued for 60min.

Circular Dichroism Study

The CD measurements were recorded at room tem-
perature using a Jasco J-715 Spectropolarimeter
(Hachioji, Japan) in the wavelength range of 190–250nm.
Measurements were made of the purified protease in
50mM phosphate buffer pH 7.4 at a concentration of
0.03mg/mL using quartz cuvettes of 1mm path length.
Three cumulative readings at a 1nm bandwidth, a resolu-
tion of 0.2nm, a sensitivity of 10mdeg, a response time of
2s, and a scan speed of 50nm/min are taken, averaged,
smoothed and baseline subtracted. Results are expressed
in terms of molar ellipticity (�) degcm2/dmol.

RESULTS AND DISCUSSION

Enzyme Purification and Molecular Weight
Determination

The milk-clotting protease was isolated from 
the twigs of S. asper and purified to electrophoretic
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homogeneity. After precipitation with 70% ethanol the
protein mixture was applied to a DEAE-cellulose
column. Elution was achieved with a linear gradient of
sodium chloride. The enzyme was fractionated at 70%
ethanol concentration; with seven-fold purification,
95% recovery and with a specific activity of 56U/mg
protein. Passage through DEAE-cellulose column, two
active peaks were resolved (data not shown). The
second peak with the highest milk-clotting activity
resulted in 45-fold purification, 38% recovery and with
a specific activity of 348U/mg protein. The first peak
was recovered with minimum yields and was more
proteolytic in nature. The active fractions of the second
peak were pooled and applied to a Sephadex-G-200
column. The gel filtration using a Sephadex-G-200
column further purified the enzyme to electrophoretic
homogeneity with 65-fold purification, 36% recovery
and with a specific activity of 508U/mg protein, having
high specific caseinolytic activity desirable for rennet
substitutes. The summary of purification of S. asper
protease is depicted in Table 1. The purified enzyme
migrated as a single band during gel electrophoresis,
which suggested the monomeric nature of the enzyme
(Figure 1). The molecular mass of the protease as esti-
mated by interpolation from a linear semi-logarithmic
plot of relative molecular weight versus the Rf (relative
mobility) using standard protein markers as well as by
the sigma Gel Gelanalysis Software was found to be
55.0kDa. Tavaria et al. (1997) purified two milk-clot-
ting enzymes from the plant Centaurea calcitrapa,
which degraded bovine, ovine and caprine milk
caseinates. Pintado et al. (2001) studied the rates and
extents of hydrolysis of �- and �-caseins from bovine,
caprine and ovine sodium caseinates produced by an
enzymatic extract of the fruit of Opuntia ficus-indica.
Milk-clotting proteinases have been isolated from
various parts of plants such as seeds and leaves but the
only well characterised enzymes from flowers are car-
dosins and cyprosins from cardoon, Cynara carduncu-
lus L. (Domingos et al., 2000).

Llorente et al. (2004) purified milk-clotting protease
from globe artichoke (Cynara scolymus L.) using anion
exchange and affinity chromatography which was het-
erodimeric consisting of 30kDa and 15kDa subunits.
They also reported the crude protease extract of
Cynara scolymus L. could be potentially employed for
cheese production. Heimgartner et al. (1990) showed

106 S. SENTHIKUMAR ET AL.

Table 1. Purification of milk-clotting protease from S. asper (mean�SD of three independent experiments).

Total Activity Total Protein Sp. Activity Purification
Stages of Purification (U) (mg) (U/mg of protein) Fold Recovery

Crude extract 6643�9.56 853.68�3.15 7.78�0.117 – 100.00
70% ethanol extract 6327�9.39 112.23�2.29 56.37�1.24 7.24�0.159 95.24�0.142
DEAE-cellulose (Peak II) 2532�3.68 7.27�0.328 348.28�2.46 44.76�0.318 38.11�0.057
Sephadex-G-200 2379�3.39 4.68�0.228 508.33�2.46 65.33�0.317 35.81�0.049

116.0

66.2

45.0

35.0

25.0

55.0 kDa

1 2

kDa

Figure 1. Analysis of protease purification by 10%
SDS-PAGE. Lane 1: Marker proteins (�-galactosi-
dase, 116.0kDa; BSA, 66.2kDa; ovalbumin, 45.0kDa;
lactate dehydrogenase, 35.0kDa; restriction endonu-
clease Bsp981, 25.0kDa) for molecular weight esti-
mation. Lane 2: purified milk-clotting protease
(10�g).

that the three cynarases purified from the flowers of
Cynara cardunculus are each composed of two sub-
units of different sizes and it was concluded that the
cynarases are dimeric proteins. Interestingly, in this
work the milk-clotting protease isolated from the twigs
of S. asper was monomeric in nature. The aspartic pro-
teinases isolated from plants occur as single chain or
two chain enzymes (Mutlu and Gal, 1999). Single-chain
enzymes vary in size from 30kDa to 65kDa (Mutlu and
Gal, 1999).

Thermostability

The optimum temperature of the protease was
found between 50°C and 55°C. The enzyme activity
decreased thereafter with complete inactivation taking
place at 80°C (Figure 2). Mohanty et al. (2003) isolated
and purified an aspartic protease from buffalo chy-
mosin, which exhibited a maximum activity near 55°C.
Sidrach et al. (2005) determined the enzymatic proper-
ties of the milk-clotting plant aspartic protease
cynarase A, and reported maximum activity near 70°C
which indicated quite high temperatures for plant
aspartic proteases. From the thermal inactivation
experiments we found that the protease was quite
stable up to 45°C (data not shown) however, the activ-
ity declined gradually with further increases in temper-
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ature. The purified S. asper protease at 40°C remained
fully active even after 60min of incubation, but at 70°C
it loses 90% of its initial activity (Figure 2). Llorente et
al. (1999) studied the milk-clotting proteinases of
mature flowers of the artichoke (Cynara scolymus L.)
and reported the extracts had low thermal stability at
temperatures above 45°C. The thermal behaviour of
the proteinase present in the S. asper extract that is
inactivated by moderate heating supports its applica-
tion in the production of cheeses.

pH and Stability

The purified protease exhibited the maximal rate of
reaction in milk at a pH of 5.5 (Figure 3). The activity
decreased with further increase in the pH. The acidity
of the milk at the time of enzyme addition was
0.19–0.20%, which falls within the pH range of 5.5–6.5.
The protease of S. asper retained 96% of its residual
activity from pH 5.0 to 6.0 (Figure 3). Mohanty et al.
(2003) reported the milk-clotting activity of buffalo
chymosin decreased gradually when the pH was
increased. An optimum pH value of 6.0 was reported
for the partially characterised rennet-like proteases
from Australian cardoon Cynara cardunculus (Chen et
al., 2003). Purified milk-clotting aspartic protease from
the stigma of artichokes (C. scolymus), which showed
maximum activity at pH 5.0 (Sidrach et al., 2005).
Llorente et al. (1999) reported that the extracts of
mature flowers of artichokes (C. scolymus L.) exhib-
ited optimum activity at acid pH values, with the
maximum activity at pH 5.0. Therefore the optimum
pH of S. asper protease is almost similar with the
results of previously characterised milk-clotting plant
proteases.

Effect of Inhibitors

Protease inhibitors were employed to identify
groups at the active site of the enzyme (Table 2). The
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Figure 2. Relative stability of protease at 40 °C (�)
and 70°C (�) after pre-incubating the enzyme for dif-
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Figure 3. Influence of milk pH on milk-clotting activity
of enzyme. ( ) The enzyme activity was measured by
ranging milk pH from 5.5 to 7.5 under standard con-
ditions. (�) Protease incubated in buffers within a pH
range (3–9).

enzyme retained 92–94% and 93–96% of relative activity
in the presence of Iodoacetamide and �-mercap-
toethanol, respectively, precluding the role of —SH
group in enzyme activity. Similarly, phenylmethylsulpho-
nylfluoride did not influence the enzyme activity and
hence the participation of the serine site of the enzyme
has also been ruled out. EDTA was also found to be
ineffective which denied the possibility of the enzyme
being a metalloenzyme. The strong inhibition by 90%
and 93% at 1mM and 2mM of pepstatin specific for
aspartic protease (Ryan and Walker-Simmons, 1981),
respectively, pointed towards the presence of aspartate
at the active site (Takahashi et al., 1976). Timotijevic et
al. (2003) characterised an aspartic protease from the
seeds of Fagopyrum esculentum, which was specifically
inhibited by pepstatin A. Verissimo et al. (1996) purified
milk-clotting-plants protease cardosin A and B from the
flowers of C. cardunculus which was sensitive to
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Figure 4. Secondary structural characterisation of
milk-clotting protease by CD spectroscopy.
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pepstatin. Recently, Sidrach et al. (2005) purified milk-
clotting aspartic protease from the stigma of artichokes 
(C. scolymus), which was also inhibited by pepstatin. In
this respect it may be stated that other milk-clotting
enzymes (e.g. calf chymosin, various pepsins and mucor
proteases) cleaving the phe105-met106 bond of �-casein are
of aspartic acid type (Dalgleish, 1982).

Secondary Structure Characterisation

The CD spectrum of the protease in 50mM phos-
phate buffer, pH 7.4 recorded at room temperature dis-
played negative bands at 208nm and 223nm and a
crossover point at 200nm which indicated the protease
takes predominant �-helical conformation in phos-
phate buffer. The secondary structural characterisation
of only a few aspartic proteases of plant origin has
been previously reported. Egas et al. (2000) reported
that the plant-specific insert of the milk-clotting aspar-
tic protease of procardosin A shows double minima
around 207nm and 222nm, indicating the presence of a
large percentage of �-helix in the protein.
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