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Soybeans contain proteins that have the potential to produce anticancer bioactive
peptides. This study aims to determine the anticancer activity of soy protein hydrolysate
against MCF-7 breast cancer cells. Soybean protein hydrolyzed by bromelain enzyme
0.5% (w/v) at the optimum temperature and pH for protein hydrolysis using the
Bergmeyer and Grassl method. The degree of hydrolysis value of protein hydrolysate
was determined by the Alder-Niesen method and the protein profile was analyzed by
SDS-PAGE. The hydrolysate with the best degree of hydrolysis value was analyzed for
anticancer activity against MCF-7 breast cancer cells by the Presto Blue assay method,
and fractionation of protein hydrolysates by gel filtration chromatography (Sephadex G-
15). The molecular weight of the peptide was characterized by LCMS/MS. Soy protein
hydrolysis using 0.5% (w/v) bromelain enzyme was optimum at 65 °C and pH 7.0 for 4
hours, with a hydrolysis degree value of 20.57%. The SDS-PAGE analysis showed that
the protein hydrolysates had quite thick protein bands in the range of <35 kDa with an
ICso value of 70.37 mg/mL. Based on the LCMS/MS results, the peptide from

fractionation has a molecular weight of 5.133 kDa.
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1. INTRODUCTION

Cancer is a disease that arises due to uncontrolled
cell growth resulting in changes from body tissue cells to
cancer cellst. Based on the GLOBOCAN (Global Burden
of Cancer) data on cancer incidence and deaths in 2020
obtained from the International Agency for Research on
Cancer (IARC), it is estimated that there were 19.3
million new cancer cases and nearly 10 million cancer
deaths occurring worldwide in 20202 The most
frequently diagnosed cancer is breast cancer in women.
Many methods for treating cancer have been found,
including  surgery, radiotherapy, chemotherapy,
immunotherapy, and gene therapy?, but these treatments
are considered ineffective because they cause many side
effects due to the low selectivity of the drug used, where
the drug can be toxic to other normal cells that are not
cancer cells*. Therefore, it is necessary to explore
alternative treatments that are more natural and effective
both in terms of safety and efficacy.

Soybean is a grain that contains high protein
(40%) and is a potential source of bioactive peptides. The
protein content in soybeans can be increased by
modifying the protein into peptide compounds. Peptides
isolated from soybeans have been shown to have benefits
for the body's biological functions, including
antioxidants, inhibitors of ACE activity, anti-obesity,
and anti-cancer®. One example of a potential anticancer
bioactive peptide in soybean is lunasin which was
isolated by Odani et al (1987) and reported to contain 43
amino acids®’8, Based on further research by Galvez &
De Lumen it is known that lunasin has an apoptotic
effect, namely programmed cell death, on MCF-7 breast
cancer cells®.

Bioactive peptides can be isolated through
enzymatic hydrolysis with protease enzymes such as
bromelain, papain, trypsin, pepsin, and alcalase'.
Enzymatic hydrolysis was chosen because it can reduce
the molecular weight of proteins and has advantages in
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process stability, high catalytic efficiency, and can
reduce amino acid damage!®. Rayaprolu et al (2017)
conducted research on the anticancer activity of
hydrolyzed soybean bioactive peptides using alcalase
enzymes against MCF-7 breast cancer cells and obtained
ICso values of 654 pg/mL (peptide fraction 5-10 kDa)**.
Chen et al (2018) conducted a study on hydrolyzed black
soybean protein using an alcalase enzyme and obtained
the Leu/lle-Val-Pro-Lys peptide with MCF-7 anticancer
activity with an ICsp value of 276 pg/mL (peptide
fraction <4 kDa)*2.

In this study, we have tried to explore more deeply
the enzymatic hydrolyzation of soy protein by using
bromelain as the hydrolyzing enzyme. The bromelain
enzyme was chosen because the specificity of bromelain
enzyme cutting is quite broad, which can cut peptide
bonds from carbonyl groups such as lysine, arginine,
phenylalanine, and tyrosine!®. The main focus of this
study was to determine the optimum conditions for
hydrolysis of soy protein by bromelain enzymes and
their anticancer activity against MCF-7 breast cancer
cells. The bioactive peptides from the hydrolysate will be
characterized based on their molecular weight using
LCMS/MS.

2. RESEARCH METHODS
Material

Soybeans obtained from a local market in the
South Tangerang area, bromelain enzyme CAS No.
9001-00-7 EINECS No. 253-387-5 Active Unit:
50,000U/G-200,000U/G were produced from Wuhan
Recedar Biotechnology Co., Ltd. China, distilled water,
sodium hydroxide, Bradford solution, BSA (Bovine
Serum Albumin) (Sigma-Aldrich), tyrosine (Merck), 0.1
M phosphate buffer pH 7.5, Tris-HCI buffer pH 8 0.5 M,
10% (w/v) TCA, microtube, tube, T-flask, 96 well plate,
cisplatin, ceftriaxone, dimethyl sulfoxide (DMSO),
phosphate buffered saline (PBS), PrestoBlue cell
viability reagent, Roswell Park Memorial institute
Medium (RPMI), fetal bovine serum (FBS), trypsin-
EDTA, trypan blue, MCF-7 cancer cell line (ATCC
HTB-22), acrylamide solution gel (bio-rad), bis-
acrylamide, stacking gel, resolving gel, sodium dodecyl
sulfate (SDS) 10% (w/v) and 20% (w/v), ammonium
peroxide disulfate (APS) 10% (w/v), N, N, N'N'-
Tetramethylethylenediamine (TEMED) (Sigma-
Aldrich), methanol, acetic acid, staining solution
coomasie blue (bio-rad), protein marker (thermofisher
#26643), and Sephadex G-15 (Sigma-Aldrich).

Soybean Protein Extraction and Purification

A total of 50 g of dried soybeans was ground using
a grinder mill to produce soybean flour. The fat from
soybean flour is removed by Soxhlet extraction using n-

hexane (technically) (ratio 1:5 w/v) for 5 hours, then the
solvent is evaporated by decantation and the flour is air-
dried until all solvents disappear. Fat-free soybean flour
was added with 0.05 M PBS (phosphate buffered saline)
buffer pH 7.4 and then homogenized using a
homogenizer at 4 °C for £ 5 minutes. The homogenate
was centrifuged at 4,000 rpm at 4 °C for 30 minutes. The
supernatant obtained was freeze-dried.

Bromelain Enzyme Activity Test
Determination of optimum temperature

A total of 1 mL of 5% (w/v) BSA was added to 1
mL of 0.1 M phosphate buffer with 0.2 mL of bromelain
enzyme extract pH 7.0, then incubated for 10 minutes at
45°C, 50 °C, 65 °C, and 70 °C to determine the optimum
temperature. The solution was added 2 mL of 10% (w/v)
TCA then incubated for 10 minutes at room temperature
and centrifuged at 6,000 rpm for 10 minutes. The
resulting supernatant was added with 5 mL of Na,COs
and 1 mL of Folin's reagent and allowed to stand for 5
minutes, then the absorbance was measured at a
wavelength of 578 nm.

Determination of Optimum pH

A total of 1 mL of 5% (w/v) BSA was added to 1
mL of 0.1 M phosphate buffer and 0.2 mL of bromelain
enzyme extract, then incubated for 10 minutes at the
optimum temperature obtained with a pH of 5.5, 6.0, 6.5,
7.0 and 7.5. The solution was added 2 mL of 10% (w/v)
TCA then incubated for 10 minutes at room temperature
and centrifuged at 6,000 rpm for 10 minutes. The
resulting supernatant was added with 5 mL of Na,COs3
and 1 mL of Folin's reagent and allowed to stand for 5
minutes, then the absorbance was measured at a
wavelength of 578 nm.
One unit of enzyme activity is defined as the amount of
enzyme required to hydrolyze a substrate per unit of time
under experimental conditions. Enzyme activity
calculation follows equation 1.

Protein Hydrolysis

Samples of soy protein isolate were hydrolyzed using a
proteolytic enzyme, bromelain. The hydrolysis process
was carried out using 0.5 g of protein isolate and
dissolved in phosphate buffer solution 0.1 M, under
optimum conditions of pH and temperature of enzyme.
Next, bromelain 0.5% (w/v) was added and incubated for
0,1, 2, 3, 4 and 5 hours. During the incubation process,
shaking or agitation was carried out at 200 rpm. Each
hydrolysate mixture was heated at 80 °C for 10 minutes
and 0.5 M Tris-HCI buffer was added with pH 8.0 to
inactivate the enzyme. Each hydrolysate obtained was
then measured in the degree of hydrolysis and the
hydrolysate with the highest degree of hydrolysis was
freeze-dried using the freeze-dry method.
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(Absorbance sample—Absorbance blank) 1

Enzyme activity =

Calculation of Degrees of Hydrolysis

The degree of hydrolysis was calculated based on
the calculation of dissolved protein content’. Soy
protein isolate hydrolysate was taken as much as 5 mL
and added 5 mL of 10% (w/v) TCA solution, then
allowed to stand for 30 minutes until precipitation
occurred. Then, it was centrifuged for 20 minutes at
4,000 rpm. The resulting supernatant was tested for
protein content using the Bradford method (1976)%. The
degree of hydrolysis of each hydrolysate can be
calculated by the following formula:

%DH = (10% TCA soluble protein)
(Total sample protein)

Protein Profile Analysis with SDS-PAGE

The protein profile for soybean hydrolysates was
determined using the SDS-PAGE method with a 7.5-
14.5% resolving gel and 4% stacking gel solution in a
buffer of 1.5 M Tris HCI at pH 8.45%, These samples
were denatured with a buffer, including 1% Coomassie
brilliant blue, 25% glycerol, 6.8 pH Tris-HCI 1M, 20%
SDS, and boiled at 90 °C for 2 minutes where the ratio
with protein was 1:1. The electrophoresis device was
prepared using a resolving and stacking solution with a
concentration of 1.5 M and 0.5 M at pH 8.8 and 6.8,
respectively. Subsequently, 1.5 % bis-acrylamide and
48% acrylamide were added, and the electrophoresis
process commenced for 55 minutes at a voltage of 150
volts with a Biorad protein marker, in the range of 7.7-
204.0 kDa. After the electrophoresis was complete, 0.1%
(w / v) dye solvent was used for protein staining and the
process yield was washed using 7.5% acetic acid and
40% methanol solvent.

Anticancer Activity Test

The prepared cells were then cultured into 96 well
plates with Roswell Park Memorial Institute (RPMI)
liquid culture medium containing 10% (v/v) FBS (fetal
bovine serum) and 50 L of antibiotics. The positive
control used in this method is cisplatin. Samples and
controls were added with PrestoBlue reagent which then
produced a red fluorescent color that could be measured
at a wavelength of 570 nm using a multimode reader*’.

Separation and Purification of Anticancer Peptides
from Hydrolysates

The hydrolysate with the best anticancer activity
was fractionated using a Sephadex G-15 column to
separate peptide fractions under 3 kDa. Fractionation
was carried out until 40 fractions were obtained. The blue
fraction is the fraction that contains peptides. The
identified fractions containing peptides were then

(Absorbance control—Absorbance blank)

(Incubation time) * (D)
analyzed for their molecular weights using LCMS/MS
Q-TOF*,

Characterization of Bioactive Peptides with LCMS
Q-TOF MS

The peptide fraction which has the highest anticancer
activity was dissolved in water/methanol (1:1 v/v) and
then injected into the LCMS/MS Q-TOF instrument with
the ionization mode in the form of electrospray
ionization (ESI) through the C18 column (1.8 um 2.1 X
100 mm) at 50 °C and 25 °C room temperature, the
mobile phase used was a mixture of water and 5 mM
ammonium formate (mobile phase 1) and acetonitrile
with 0.05% formic acid (mobile phase 2), a flow rate of
0.2 mL/minute worked for 23 minutes and an injection
volume of 5 uL. The molecular weight of the peptide was
analyzed using mass  spectroscopy  (M+2H).
Deconvulation using ESIProt Online®®.

3. RESULTS AND DISCUSSION

Soy Protein Isolate

Soy protein isolate (SPI) was prepared from fat-
free soybean flour using the Soxhlet extraction method
with n-hexane. The isolation of SPI is carried out through
the homogenization technique, which operates on the
principle of breaking down the cell membrane of
soybean tissues through vibrations and impacts
occurring at a high enough speed to cause cell lysis. The
soybean protein isolate is freeze-dried to preserve it,
achieved by freezing and then drying through
evaporation in a vacuum process known as
lyophilization. The freeze-dried soy protein isolate has a
mass of 20.66 g. The calculated soybean protein yield in
this study was 41.32%. This value is derived from
comparing the total amount of protein to the weight of
the sample, indicating the percentage of protein
produced. A higher yield value suggests a more effective
and efficient isolation treatment

Bromelain Enzyme Activity Test Results
Optimum Temperature

The highest bromelain enzyme activity in this
study was obtained at 65 °C, the optimum temperature,
with an enzyme activity value of 0.161 U/mL (Figure 1).

Bromelain enzyme activity increases with rising
temperature, reaching its peak at the optimum
temperature. However, at temperatures above this
optimum, the enzyme activity decreases. This decrease
is attributed to the denaturation of bromelain caused by
the weakening of hydrogen bonds. Consequently, the
enzyme's conformation alters, leading to a reduction in
its activity. According to Bhattacharya & Bhattacharya
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(2007), temperature increases beyond the enzyme's
optimum does not significantly affect its activity but
rather impact its structural stability?. Denaturation is
suspected to occur at 70°C due to the disruption of weak
bonds within the enzyme's structure. Exceeding the
maximum temperature results in the denaturation of the
enzyme, as the protein structure becomes exposed and
nonpolar groups within the molecule are revealed. This
leads to decreased solubility of polar proteins in water
and a subsequent decrease in enzyme activity?.

Optimum pH

The optimum pH of the bromelain enzyme in this
study was pH 7.0 with an enzyme activity of 0.00035
U/mL (Figure 2).

olysis of soy protein hydrolysate

Rabelo et al. (2011) stated that changes in pH
affect enzyme activity by altering the enzyme's
conformation in solution. pH changes indicate variations
in the ionization of the enzyme's ionic groups, both at the
active site and elsewhere, thereby affecting enzyme
activity through the concentration of H* ions present in
the solution?. The presence of H* ions increases the
enzyme's positive charge, while OH" ions increase its
negative charge. At the optimum pH (7.0), the number of
H* ions does not significantly impact the conformation
of the bromelain enzyme, allowing it to maintain the
proper conformation for substrate binding and the
formation of the enzyme-substrate complex.
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Degree of Hydrolysis (DH) of Soybean Protein Isolate

Hydrolysis of SPI was carried out with variations
in hydrolysis time of 1 to 5 hours. The optimum
hydrolysis time was obtained at 4 hours with a DH value
of 20.57% (Figure 3).

The DH value increased linearly from 1 to 2 hours
and then decreased at 3 hours. This decrease in DH value
also occurred after surpassing the optimum hydrolysis
time of 5 hours. The decline in DH value at 3 hours of
hydrolysis is affected by inadequate mixing or agitation
of the reaction mixture which can lead to uneven
distribution of enzymes and substrates. Impurities in the
bromelain enzyme are believed to influence the cleavage
pattern, leading to improper cutting of lysine,
phenylalanine, arginine, and tyrosine residues. Optimal
condition during hydrolysis enhances kinetic energy,
accelerating molecular collisions and facilitating the
formation of enzyme-substrate complexes, thus yielding
more peptide products. Extending the reaction time
beyond the optimal duration may lead to substrate
depletion or enzyme inactivation, resulting in a decrease
in hydrolysis efficiency?.

Enzymes work to break peptide bonds. As the
reaction progresses, the amount of protein hydrolyzed
into peptides, oligopeptides, and amino acids continues
to increase, resulting in a degree of hydrolysis at
optimum conditions. The cleavage process continues
until the enzyme is unable to further cleave the peptides,
indicating that the rate of hydrolysis has reached a
stationary state. Hasnaliza et al. (2010) stated that the
increase in DH value was caused by an increase in
peptides and amino acids dissolved in TCA as a result of
peptide bond breakage during protein hydrolysis?.

Soybean Protein Profile Results of SDS-PAGE
Analysis

250 kDa -
130 kDa -
100 kDa -

70 kDa -
55 kDa -

LOX

B-Conglycinin
Subunit

35 kDa -~

25 kDa -
Glycinin Subunit

15 kDa -

10 kDa -

Electrophoresis was performed on soy protein
isolates and soy protein hydrolysates over a period of 1
to 5 hours of hydrolysis. The results of the SDS-PAGE
analysis in Figure 4 show that 10 protein bands were
detected in soybean protein isolate before hydrolysis (0
hour), ranging in molecular weight from 10 to 115 kDa.
Among these bands, several were notably thick at 18, 22,
26, and 31 kDa, indicating the presence of two 11S
(glycinin) protein subunits: acid A polypeptide and base
B polypeptide. Additionally, a thin band was observed at
a molecular weight of 66 kDa, thought to be a B-
conglycinin protein subunit, and at a molecular weight of
115 kDa, thought to be a hemagglutinin®.

The hydrolysate shows bands at lower molecular
weights. After 1 hour of each enzyme concentration
variant, the subunits of B-conglysinin had been
completely degraded, as well as the protein component
at a molecular weight >100 kDa. Gel bands indicating
the presence of glycinin subunits (15 kDa — 25 kDa) were
still visible in some of the hydrolysate variants®. Based
on this it is known that glycinin shows a higher resistance
to the hydrolysis process. This could be due to the
presence of disulfide bonds in glycinin®, Each
constituent of the glycinin subunit is connected by a
chain of disulfide bonds, while the B-conglysinin subunit
does not contain disulfide bonds. Electrostatic and
hydrophobic interactions accompanied by the presence
of disulfide bonds make the quaternary structure of
glycinin more stable against denaturation®”

Anticancer Activity of Soybean Protein Hydrolysate

Soy protein isolates and soy protein hydrolysate
with the highest DH value (4 hours) were tested for
anticancer activity against MCF-7 breast cancer cells.
The positive control used was cis-diammineplatinum (1)
dichloride (cisplatin). Samples were prepared in eight

| ‘

— -

Figure 4. Molecular weight profile of soybean protein hydrolysate. M = protein marker, E = bromelain enzyme, 0 = soy
protein isolate, 1-5 = 0.5% hydrolysate 1-5 hours
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Figure 5. (a) Morphology of MCF-7 cells from soy protein isolate sample

(b) Morphology of MCF-7 cells from the 4 hours hydrolysate sample

Table 1. ICs value of each test sample

Sample 1Cs0 (mg/mL)
Cisplatin 0.053
Soy protein isolate 64.725
Hydrolysate 4 H 70.375

concentration variants, which showed a pattern of
relationship with cell activity and represented each
toxicity parameter, i.e., 1,000 pg/mL as less toxic; 500,
250, and 125 pg/mL as moderately toxic; 62.50 and
31.25 pg/mL as toxic; and 15.63 and 7.81 pg/mL as very
toxic. The difference in the concentration of the isolated
sample and the protein hydrolysate can affect the
inhibition of MCF-7 breast cancer cells. The test results
in this study showed that the inhibitory abilities of isolate
and hydrolysate samples were still less active than
cisplatin (Figures 5a and 5b).

Compared to the cell density produced by the
addition of cisplatin, the ability of each sample to inhibit
the growth of MCF-7 breast cancer cells is still less
active. The morphology of the MCF-7 cells, which had a
long and dense shape when cisplatin was added, changed
to become rounder and hollower, whereas, in the cells
added to the sample, there was no similar change.

The cells treated with cisplatin showed very clear
signs of cell reduction. A reduction in the number of cells
can be an indication of apoptosis. Apoptosis indicates
cell death that begins with the formation of indentations
in the cell membrane and fragmented DNA. Cells
undergoing apoptosis can be observed through their
morphological characteristics, specifically the change to
a spherical shape because the protein structures that
make up the cytoskeleton are digested by specific
peptidase enzymes activated in the cells.

The lower anticancer activity of soy protein isolate
and soy protein hydrolysate compared to positive control
(cisplatin) can be attributed to several factors. The lower
anticancer activity of protein extracts compared to the
positive control cisplatin can be attributed to several

reasons, such as potency and mechanism of action:
cisplatin is a highly potent chemotherapy drug with a
well-established mechanism of action. It forms cross-
links with DNA, which disrupts DNA replication and
transcription, ultimately leading to cell death. Soy
protein isolate, on the other hand, may not have such
strong and direct mechanisms for inducing apoptosis or
inhibiting cell growth. Cisplatin is a pure compound with
a known effective dose. Soy protein isolates and
hydrolysate are mixtures containing various proteins,
peptides, and possibly other compounds, which might
not be present in concentrations high enough to achieve
similar levels of anticancer activity. Specificity and
efficacy of cisplatin, which specifically targets rapidly
dividing cancer cells and is very effective in its action.
Protein extracts may contain a variety of molecules,
some of which might have anticancer properties, but
their collective efficacy is generally lower than that of a
single, highly potent chemotherapeutic agent like
cisplatin. On the other hand, the bioavailability and
stability of cisplatin in biological systems are well
characterized and optimized for maximum therapeutic
effect. Protein extracts might have components that are
less stable or less bioavailable, reducing their overall
effectiveness.

Protein extracts might lack such synergistic
interactions and therefore show reduced activity when
used alone. Cisplatin efficiently enters cancer cells and
exerts its cytotoxic effects. Protein extracts may face
challenges in terms of cellular uptake and penetration,
limiting their ability to reach intracellular targets and
exert their anticancer effects. Cisplatin is active in its
administered form. In contrast, the active components
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within protein extracts might require metabolic
activation or specific conditions to become effective,
which might not be fully achieved in the experimental
conditions. In summary, the higher anticancer activity of
cisplatin compared to protein extracts is due to its high
potency, specific and well-understood mechanism of
action, optimized bioavailability and stability, and
efficient cellular uptake?.
Fractionation Results of Anticancer Bioactive
Peptides

Soybean protein hydrolysate was separated for 4
hours using gel filtration chromatography. The stationary
phase used was Sephadex G-15 gel (Separation
Pharmicia Dextran G-15). The 40 fractions resulting
from separation were tested qualitatively with Bradford
reagent to determine the fraction with the most dominant
bioactive peptides. The selected fractions were then
characterized using LCMS/MS Q-TOF to determine the
molecular weight of the peptides when data analysis was
performed with MassLynx software. The chromatogram
results from fraction number 4 produced many peaks
with the main peak at a retention time of 15.21 minutes
(Figure 7).

The chromatogram peak at a retention time of
15.21 minutes was chosen because it is the highest peak
and further identification of the mass spectrum was
carried out based on m/z data to determine the molecular
weight of the peptide. Based on the results of this

8. The mass spectrum of the peptide at a retention time of 15.21 minutes

analysis, it is known that the peak that appears at a
retention time of 15.21 minutes is a peptide fragment
with a molecular weight of 5.133 kDa (Figure 8).

Peptides that are shorter than protein hydrolysates
can increase their bioactivity, as in the study of
Rayaprolu et al. (2017) who reported that the 5-10 kDa
peptide fraction from yellow soybeans had a higher
antiproliferative effect on MCF-7 cells than the 10-50
kDa fraction?. Chen et al.* revealed that black soybean
protein hydrolysate with peptide fraction <4 kDa had the
highest anticancer activity compared to fractions 4-6 kDa
and >6 kDa against MCF-7 cells. Based on the results of
this study, it is necessary to conduct further research
using the soy protein fraction resulting from the
hydrolysis of the bromelain enzyme under different
hydrolysis conditions on MCF-7 cells and other cancer
cells such as colon cancer (WiDr) and cervical cancer
(HeLa).

Generally, peptides with anticancer properties
contain 21 to 30 amino acids and include glycinin, lysine,
and leucine. Amino acid residues in peptides can
influence their anticancer activity depending on the
cationic, hydrophobic, and amphiphilic properties
associated with the formation of the helical structure.
Chiangjong et al. (2020) reported that amino acid
residues that are acidic or neutral and have low

hydrophobicity, when substituted with positively
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charged amino acid residues (such as lysine and leucine)
on the polar and nonpolar sides of the alpha helix, can
produce cationic peptides with moderate hydrophobicity
and increase anticancer activity*°.

4. CONCLUSIONS

Based on the research results, the following
conclusions were drawn: the optimum conditions for
hydrolysis of soy protein isolate using 0.5% (w/v) bromelain
enzyme were obtained at 65 °C and pH 7.0 for 4 hours,
resulting in a DH value of 20.57% and anticancer activity
against MCF-7 breast cancer cells lower than that of cisplatin.
After fractionation, bioactive peptides from the protein
hydrolysates were found to have a molecular weight of 5.133
kDa. In the future, further research is needed to isolate and test
the bioactive peptide for its anticancer activity.
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