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Abstract
Hydrolysis is a common method for protein structure modification. It generates lower molecular weight
fractions with increased digestibility, and very often with reduced allergenic response. Furthermore, the
hydrolysis with specific proteases may lead to liberation of special sequence of peptides with biological
activity. That is why the study of proteolytic action of novel proteases on commonly used food proteins is
advantageous. In this study, the proteolytic action of two purified proteases from actinomycete strain
Microbispora aerata (H1BT and H2BT), on the degree of hydrolysis of casein is studied. Various enzyme substrate ratios were tested for both proteases. These results are in agreement with the corresponding kinetic
parameters (Km and Vmax) of both enzymes. The electrophoretical profiles of the resulted fractions were
determined and compared to the casein profile obtained after trypsin treatment. These results suggest the
potential of proteases H1BT and H2BT to generate peptide fractions with various molecular weights that might
be biologically active.
Practical applications
The purified proteases have the potential to be used in controlled hydrolysis of casein or other proteins in food
matrices. Moreover, the generated hydrolysates could be used as food additives. The resulted by the action of
the novel proteases H1BT and H2BT low molecular weight hydrolysates augment the casein digestibility.
Key words: proteolysis, protease, food protein, actinomycetes
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Introduction
Enzymes are biological catalysts with high
specificity levels which has led them emerge as one
of the leading areas of biotechnological
manufacturing and research (Mageswari et al.,
2017). Among biological enzymes, proteases
catalyze the cleavage of peptide bonds in proteins
and also possess autoproteolytic activity. These
enzymes are found to have a wide range of
applications, such as constituent in detergents,
industrial processing of food, leather and
pharmaceutical products. Notwithstanding the fact
that all proteases act on the same type of peptide
bond, the resulting products vary and depend on both
substrate and protease nature. Moreover, the same
enzyme from different sources can present distinct
behavior.
The hydrolysis of the proteins is a common method
for the modification of protein structure in order to
improve the functional properties of the proteins
(Corredig and Dalgleish, 1997). Hydrolysis, which is
expressed as degree of hydrolysis (DH), is an
important parameter for determining the properties
of protein hydrolysates (Kristinsson and Rasco,
2000). The DH affects the amount, and hence the
amino acid composition of the resulting peptides,
which affects the physicochemical and organoleptic
properties. In this regard, the enzymatic hydrolysis
of proteins is an efficient method for the preparation
of biologically active peptides which exhibit
different physiological properties including: mineralbinding, opioid and anti-cancer properties. They also
participate in regulation of blood pressure (Wei and
Zhimin, 2006). Protein hydrolysates are widely used
as food additives, functional and flavorings
ingredients in food. They are also added to cosmetic
products, as well as in pharmaceuticals (Liu and
Chiang, 2008). In order to preserve the properties of
the generated products, peptides and/or amino acids,
the hydrolysis process must be carefully controlled
(Tavano, 2013).
Casein is a group name for the major proteins in
milk. There, casein exists in a complex of molecules
(sometimes referred to as calcium phosphocaseinate) called “micelles”. Each micelle contains
heterogeneously distributed 3 protein fractions: αs, β
and κ (αs-CN, β-CN and κ-CN) (Bhat et al., 2016).
These fractions differ in water solubility and location
in the micelle. Κ-casein is more hydrophilic than the
other two fractions and its position on the surface of
the micelle determines micelle’s solubility in water.
(Bhat et al., 2016). Milk proteins provide a natural
source of bioactive peptides with potential health
benefits and applications in the food industry. Casein
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peptides are not active within the parent protein but
can be released and activated during enzymatic
hydrolysis, microbial fermentation and during
gastrointestinal digestion (Phelan et al., 2009).
The aim of the present study is to determine the
degree of hydrolysis of casein by two newly purified
proteases from actinomycete strain Microbispora
aerata (H1BT and H2BT) and to visualize the
resulted hydrolysates by SDS-PAGE.
Materials and methods
Materials
Acrylamide,
N,N′-Methylenebis(acrylamide),
N,N,N′,N′-Tetramethylethylenediamine, Ammonium
persulfate, Glycine, Casein (Product Number:
C3400), Sodium dodecyl sulfate (SDS), trinitrobenzene-sulfonic acid (TNBS), l-leucine were
obtained from Sigma-Aldrich. Coomassie Brilliant
Blue G-250 was obtained from BIORAD (Bio-Rad
Laboratories, Gladesville, NSW, Australia). All
other reagents were of analytical grade.
Methods
Strain and protease production and purification
The actinomycete strain Microbispora aerata was
isolated and identified by Gushterova et al. (2005).
The microbial production of protease was performed
as described by Hristova et al., (2012). The
purification of proteases H1BT and H2BT was done
as described by Hristova (2015)
Degree of hydrolysis of casein
The enzyme hydrolysis was conducted at the optimal
temperature of action of both enzymes. The
hydrolysis was carried with four substrate
concentrations: 0.1; 0.25; 0.5; 1.0 % (w/v) at 60ºC.
The enzyme-substrate ratio was kept the same. The
amine nitrogen was determined following the
method described by Spellman et al. (2003) with
minor modifications. The DH was measured every 5,
10, 30, 60, 120 and 300 min. The enzyme reaction
was terminated by hot solution of 1 % (w/v) SDS at
80°C. An aliquot of each sample was mixed with the
same volume of 0.2 M sodium phosphate buffer
(SPB) pH 8.2 and a fresh solution of TNBS was
added (0.024 % v/v final concentration). The
samples were homogenized and held in water bath at
50°C for 60 min. The reaction was terminated by
adding 0.1 N HCl (0.05 N final concentration) and
the samples were then allowed to cool at room
temperature for 20 min in dark room, before
absorbance values were measured at 340 nm using
SPECTROstar nano microplate reader (BMG
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Labtech). The total concentration of the liberated αNH2 groups were quantified using a standard curve
generated with l-leucine (0.25 to 0.63 mM) as a
standard.
DH values were calculated using the following
formula (Spellman et al., 2003):

37°C for color development and the absorbance at
660 nm was measured. The proteolytic activity was
calculated in Units per cm3 which is defined as the
amount in micromoles of tyrosine equivalents
released from casein per minute and per cubic
centimeter of enzyme.

Where: AN1 is the amino nitrogen content of the
protein substrate before hydrolysis (mg.g−1 protein)
determined by the TNBS method, AN2 - the amino
nitrogen content of the protein substrate after
hydrolysis (mg.g−1 protein) determined by the TNBS
method, and Npb the nitrogen content of the peptide
bonds in the protein substrate (mg.g−1 protein)
determined by the Kjeldahl method.

Results
Degree of hydrolysis of casein
(4) is presented in
The DH of casein by protease H1BT
Figure 1. The hydrolysis was carried out at different
substrate concentrations ranging from 0.1 to 1.0 %
during 300 min. Maximum DH of 18 % was
achieved at the lowest tested concentration of casein
(0.1 %). It was reached after 120 min of enzyme
activity. Unlike protease H1BT, during the
hydrolysis of casein by protease H2BT was recorded
significantly lower DH (Figure 2). The highest DH
of 5.3 % was achieved using a substrate
concentration of 1 % after 5 hours of hydrolysis.

SDS PAGE
Sodium dodecylsulphate polyacrylamide gel
electrophoresis (SDS–PAGE) was performed on
16% gel using Laemmli buffer system (Laemmli,
1970). The electrophoresis was carried out using a
Mini-PROTEAN
Tetra
Cell
electrophoresis
apparatus (Bio-Rad Laboratories, Gladesville, NSW,
Australia). A wide range molecular weight
calibration kit (10000–250000 Da, Precision Plus
Protein™ All Blue Standards BIORAD) was used as
molecular weight standards.
The gels were stained with a solution of Coomassie
Brilliant Blue G-250 and discolored in a solution of
methanol, acetic acid and water in a ratio of 5: 1: 4.
Densitometric analysis of electrophoretic gels
images was performed using ImageJ and
GelAnalyser software.
Kinetic constants determination
The proteolytic activity of H1BT and H2BT was
measured at casein concentrations ranging from 0.25
– 2.0 mg.cm-3. Km and Vmax were defined using nonlinear regression analysis (Solver, MS Excel 2007).
Proteolytic activity
The protease activity was measured according to the
method reported by Jain et al. (2012) with slight
modifications. The enzyme was added to 0.6% w/v
casein buffered to pH 7.0. The reaction mixture was
incubated at 60°C for 10 min thereafter 0.11 M
trichloroacetic acid was added to terminate the
reaction. The reaction mixture was kept at room
temperature for 30 min followed by centrifugation at
4500xg for 5 min. An aliquot of the supernatant was
added to 0.5 M sodium carbonate solution and 1N
Folin-Ciocalteu reagent and incubated for 30 min at

Kinetic constants determination
The kinetic constants of both enzymes using casein
as a substrate were defined. The nonlinear regression
method was used for most accurate determination.
The values for Km and Vmax of H1BT were 0.46
mg.cm-3 and 1.63 μmol.cm-3.min-1 respectively and
for H2BT 0.86 mg.cm-3 and 3.43 μmol.cm-3.min-1.
Electrophoretical profile of resulted hydrolysates
The visual dynamics of protein and peptide fractions
formation during the hydrolysis was followed
electrophoretically by SDS-PAGE (Figure 3). A
comparison with casein hydrolysis profile by trypsin
was made. After 5minutes of hydrolysis by H1BT
the main fractions of casein were hydrolyzed to
smaller proteins with molecular weights below 20
kDa. After 120 min different fractions with an
approximate molecular mass of 14 kDa and a low
molecular weight peptides ranging from 3-8 kDa
were formed.
As expected, casein hydrolysates derived from
protease H2BT differ from those derived from
protease H1BT. β-CN fraction was completely
hydrolysed after 10 minutes of H2BT action,
significant hydrolysis of κ-CN fraction was also
noticed. αs-CN fraction was hydrolyzed to a lesser
extent. After 120 min five major protein and peptide
fractions were present with an approximate
molecular mass of 20, 17, 14, 7 and below 5 kDa.
Unlike the hydrolysis by proteases H1BT and H2BT,
trypsin hydrolyzes casein in slower rates. After 10
min of enzyme’s action no significant difference on
main casein fractions was detected. After 120 min
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hydrolysis under optimal conditions for trypsin, a
complete absence of major casein fractions was
noticed. The formed polypeptides were with
approximate molecular mass of 12-16 kDa.
Discussion
Enzymatic hydrolysis is a useful technique for
modifying suitable physicochemical and sensorial
properties of proteins. Unlike chemical hydrolysis,
enzymatic treatment enables more efficient tailoring
of peptide products without formation of toxic byproducts or destruction of amino acids (PolancoLugo et al., 2014). The extent of proteolysis was
generally quantified as the degree of hydrolysis
referred to the percentage of peptide bonds cleaved
(Wang et al., 2013).
Although both proteases (H1BT and H2BT) in
this study are produced by the same microbial
producers they differ in the mode of action. This is
clearly seen by the corresponding values for casein
DH. Protease H1BT hydrolyzed to a greater extent
(more than 16 %) the casein when the lowest protein
concentration (0.1 %) was used. While the maximum
DH by H2BT was achieved when 1 % casein was
used only 5 % of the peptide bonds were hydrolyzed.
These results are in agreement with the
corresponding kinetic parameters (Km and Vmax) for
both enzymes. The Michaelis constant was two times
lower for casein hydrolysis by protease H1BT than
for protease H2BT. Km is equal to the substrate
concentration at which the reaction rate is half its
maximum value. Therefore, if an enzyme has a small
value of Km, it achieves its maximum catalytic
efficiency at low substrate concentrations.
Di Pierro et. al (2014) also studied the DH of
casein by newly purified proteases. The enzyme was
able to hydrolyze 21 % of peptide bonds,
demonstrating 5 % higher value compared to H1BT.
Luo et. al (2014) also studied the DH of casein by
three enzymes: papain, pancreatin and trypsin.
During the hydrolysis of casein by papain and
trypsin authors reported DH respectively 20.43 and
19.37% reached after 4 hours.
The resulted electrophoretical profiles of casein
hydrolysates by proteases H1BT, H2BT and trypsin
indicate an increasement of the number of protein
bands compared to the original casein sample,
especially, the band numbers in the region with
lower molecular weight. It indicates that the proteins
with higher molecular weight broke up during
enzymatic hydrolysis. However, they differ in terms
of number and molecular weight due to different
enzymes used. Because of the higher affinity to the
substrate, protease H1BT broke down casein
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fractions to lower molecular weight proteins and
peptides compaired to H2BT. The disappearance of
the main casein fractions after 5 min of hydrolysis by
H1BT indicates the eventual endopeptidic nature of
the enzyme. The results suggest that the bonds
cleaved by H1BT are essential for the maintenance
of the fractions structure. Meanwhile the hydrolysis
of casein by H2BT is performed in more gentle way.
Larger ranges of molecular weight fractions were
formed. These results suggest the potential of
proteases H1BT and H2BT to generate peptide
fractions with various molecular weights that might
be biologically active.
The reference profile of trypsin hydrolysates
reveals that both studied proteases differ in regard to
their catalysis from that of trypsin.
Conclusions
The casein hydrolysis by newly isolated proteases
from Microbispora aerata was performed. Various
enzyme-substrate ratios were tested for both
proteases. The electrophoretical profile of the
resulted fractions was determined and compared to
the casein profile obtained after trypsin treatment.
The highest degree of casein hydrolysis with
protease H1BT was 16 %, with molecular weight of
the hydrolysates ranging from 3-14 kDa. H2BT was
able to hydrolyze only 5%, generating proteinous
fraction ranging from 5-20 kDa. These results are in
agreement with the corresponding kinetic parameters
(Km and Vmax) of both enzymes. The values for Km
and Vmax of H1BT are 0.46 mg.cm-3 and 1.63
μmol.cm-3.min-1 respectively and for H2BT 0.86
mg.cm-3
and
3.43
μmol.cm-3.min-1.
The
electrophoretic profile of both hydrolysates was
clearly distinct from those produced by trypsin.
These results suggest the potential of proteases
H1BT and H2BT to generate peptide fractions with
various molecular weights that might be biologically
active.
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Figure 1. Hydrolysis of casein by protease H1BT for different substrate concentrations
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Figure 2. Hydrolysis of casein by protease H2BT for different substrate concentrations
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e)

f)
H1BT
H2BT
Trypsin
Figure 3. Electrophoretic and densitometric profiles of casein hydrolysates, obtained by the action of proteases H1BT, H2BT and trypsin. а) Molecular
weight markers; b) Native casein; c) 5 min hydrolysis; d) 10 min hydrolysis; e) 30 min hydrolysis; f) 120 min hydrolysis
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