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Enzymolysis of By-Product Derived
from Sheep Placenta to Production of
Highly Active Antioxidant Peptide

Abstract

Title: A highly active antioxidant peptide from enzymatic hydrolysates of sheep
placenta by-product protein was purified and identified.

Background: Bioactive peptides, as products of hydrolysis of food proteins,
become the focus of current research. They exert various biological roles, one
of the most crucial of which is the antioxidant activity. Sheep placenta has long
been used in traditional Chinese medicine for the treatment of physiological
abnormalities in human organs, and recent studies have demonstrated that it
is a rich source of biological and therapeutic compounds. Although numerous
activities of sheep placental peptides have been reported so far, little information
is known about antioxidant peptides from sheep placenta by-product protein. In
this study, we for the first time reported highly active antioxidant peptide from
sheep placenta by-product protein hydrolysate.

Methods and findings: Herein, four different proteases were employed for the
hydrolysis of sheep placenta by-product, respectively. Of the various hydrolysates,
papain hydrolysate exhibited the highest 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging activity and the optimum hydrolysis conditions were achieved
as the substrate concentration of 33 mg/mlL, pH 6.4, temperature 55°C,
enzyme dosage 4900 U/g, and hydrolysis time 120 min using response surface
methodology. Then, the papain hydrolysate was purified sequentially by DA201-C
macroporous resin, ultrafiltration, Sephadex G-10 gel filtration, and reversed-
phase high performance liquid chromatography. The sequence of the peptide
with the highest antioxidant activity was identified to be Glu-Pro-Val-Ser-His-Phe
(molecular weight of 679.59 Da). The IC,  value of the peptide on scavenging DPPH
radical was 0.074 mg/mL, lower than that of glutathione.

Conclusions: The enzymatic hydrolysates from sheep placenta by-product possess
a potent biological activity.

Keywords: Sheep placenta by-product; Enzymatic hydrolysis; Antioxidant peptide;
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Introduction

Oxygen is an essential element for life to perform biological
functions. However, it generates various kinds of Reactive
Oxygen Species (ROS) such as hydroxyl radicals, superoxide
anion radicals, and non-free radical such as singlet oxygen and
hydrogen peroxide [1]. The excess ROS could modify small
cellular molecules, proteins and DNA, as well as play a main

role in the occurrence of diseases including diabetes mellitus,
neurological disorders, cardiovascular diseases, and Alzheimer’s
disease [2-4]. In foods, the oxidation of fatty acids and lipids
result in subsequent development of undesirable deterioration
of quality and potentially toxic reaction products. Therefore, it is
important to inhibit the formation of ROS and oxidation occurring
in the living body and foodstuffs [5]. At present, some synthetic
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antioxidants such as Butylated Hydroxyanisole (BHA), Butylated
Hydroxytoluene (BHT) and n-propyl gallate, though exhibit strong
antioxidant activities, have potential risks to human health and
are restricted in food industry [6,7]. Thus, there has been a great
deal of interest in finding new antioxidants from natural sources
to replace synthetic ones.

In the last two decades, the enzymatic hydrolysis of protein
has attracted much attention of the researchers all over the
world. Many studies have described the bioactive function
of some hydrolyzed peptides includes, but does not limit to
antithrombotic, antihypertensive, anticancer, antimicrobial and
antioxidant activities [8-11]. Particularly, peptides from many
animal sources have been found to exhibit strong antioxidant
activity such as chicken breast protein [12], tilapia skin gelatin
[13], bovine brisket sarcoplasmic proteins [14], ovomucin [15],
chicken liver [16], duck skin by-products [17] and Ostrich egg
white protein [18]. The antioxidant activity of these hydrolysates
has been ascribed to the cooperative effect of a number of
properties including their ability to scavenge free radicals, to act
as metal-chelators and oxygen quenchers [19]. These peptides
usually contain 3-16 amino acid residues, and the antioxidant
activity is more related to their composition, structure and
hydrophobicity. Moreover, presence of proper amino acids and
their correct positioning in peptide sequence play an important
role in the antioxidant activity of peptides [20,21].

Sheep placenta has long been used in traditional Chinese
medicine for its pharmacodynamic effects, and the latest studies
have demonstrated that it is an animal recourse which is rich
in biological and therapeutic components [22-23]. Normally,
the water-soluble immuno-active peptides were extracted as
health care ingredients after ultrafine grinding and freezing
centrifugation [24], the residual precipitate was then discarded
as industrial waste. In fact, the precipitate as sheep placenta
by-product was a rich source of proteins, and these proteins
are potentially valuable resources. However, little information
is known about antioxidant peptides from sheep placenta by-
product protein [25-27]. In this paper, we purified an antioxidant
peptide derived from enzymatic hydrolysate of sheep placenta
by-product protein, and determined the amino acid sequence.

Methods

Chemicals and reagents

Sheep placenta was kindly donated by Xiaoweiyang Ltd (Wuxi,
China). DPPH was purchased from Sigma Chemical Co. (St. Louis,
MO). Papain, trypsin, neutral protease and alkaline protease were
purchased from Yuanye Biological Technology Co. (Shanghai,
China). All other chemicals and reagents used were of analytical
grade and purchased from Sinopharm Chemical Reagent Co.
(Shanghai, China).

Preparation of hydrolysis material: Sheep placenta was rinsed
with deionized water, then homogenized with deionized water
(two times the weight of sheep placenta) using a high speed
tissue homogenizer (JJ-2, Ronghua instrument manufacture Co.,
Jintan, China). After centrifugation at 10000 x g for 15 min at 4°C,
the precipitate was collected and lyophilized. The lyophilized
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precipitate (sheep placenta by-product) was then grinded using
a high-speed pulverizer (DFY-300, Linda machinery Co., Wenling,
China), collected through 60-mesh screen and used as hydrolysis
material.

Preparation of sheep placenta by-product protein hydrolysates
(SPBPH): Four proteases (papain, trypsin, neutrase and alcalase)
were used for the hydrolysis of sheep placenta by-product. SPBPH
were hydrolyzed by pH-stat method with each protease for 150
min in a batch reactor and then heated in a boiling water bath
at 100°C for 15 min to inactivate enzyme activity. The samples
were then centrifuged at 10000 x g for 20 min at 4°C, and the
supernatant was lyophilized, and assayed for DPPH radical
scavenging activity.

Determination of the degree of hydrolysis: The degree of
hydrolysis (DH) was analyzed using pH-stat method [28]
described by Adler-Nissen and defined as the percentage ratio
of the number of peptide bonds broken (h) to the total number
of peptide bonds per unit weight (h,_). It was calculated from the
amount of base (NaOH) added to keep the pH constant during
the hydrolysis as given below:

BN,

DH (%) = x100 where B is the amount of NaOH consumed

P™ ot

(mL) to keep the pH constant during the reaction, N, is the
normality of the base, M, is the mass of protein (in grams,%N
x 8.0), 1/a is the calibration factor for pH-stat, and htot is the
content of peptide bonds [28].

Optimization of hydrolysis conditions by response surface
methodology: Response surface methodology (RSM) was applied
to predict the optimal hydrolysis conditions of SPBP hydrolysis
by using papain. Optimization of three variables temperature
(X,), total enzyme dose (ED, X,) and pH (X,) for the DPPH radical
scavenging activity (Y) was performed using Design-expert 8.0.6
software package (Stat-Ease Inc., USA). Each variable had three
levels and 15 runs in all were employed. The response functions
(Y) was related to the coded variables (X1, X2, X3) by a second
order polynomial (Eq. 1) using the method of least squares.

Y:ﬂO +ﬂle +ﬁZXZ +ﬂ3)(3 +ﬁllX12 +ﬂZZ)(Z2 +ﬂ33X32 +ﬂ12X1XZ +ﬂ23XZX3 +ﬁ31X3XI

Antioxidant activity

DPPH radical scavenging activity: DPPH radical scavenging
activity was measured by using the methodology by Nanjo et
al. [29] with some modifications. Briefly, 2.0 mL SPHs solution
was added to 2.0 mL of 0.1 mM DPPH in ethanol. The mixture
was left in dark for 1 h at room temperature. The absorbance of
the resulting solution was measured in different intervals at 517
nm. The DPPH radical scavenging activity (DRSA) was calculated
based on the following equation, in which A, A" and A was the
absorbance value of the sample, the blank and the control group,
respectively.

A-A

DRSA(%)=100— ;0 x100

Hydroxyl radical scavenging activity: Hydroxyl radical scavenging
activity was measured according to the method of Jin et al. [30].

Superoxide anion radical scavenging assay: Superoxide anion
radical scavenging activity was determined using to a modified
version of the method of Xie et al. [31].
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Reducing power: Reducing power was measured following the
method of Wu et al. [32].

Purification of antioxidant peptides and

determination of amino acid sequences

Macroporous resin: The lyophilized SPBPH was dissolved in
deionized water, and loaded onto DA201-C (1.4 x 35.5 cm)
macroporous resin equilibrated with deionized water, and eluted
with a linear gradient of ethanol solution (20%, 30%, 40%, 50%,
60%, v/v) in the same buffer at a flow rate of 200 mL/h. The
different fractions were all lyophilized for the measurement
of DPPH radical scavenging activity, and the contents of
polysaccharide in different fractions were also determined by
phenol-sulfuric acid method.

Ultrafiltration: The fraction with the highest DPPH radical
scavenging activity and the lowest polysaccharide content after
macroporous resin was further separated by ultrafiltration
through a 1,000 molecular weight cut-off (MWCO) membrane at
0.3 Mpa, 25°C. Two fractions exhibiting DPPH radical scavenging
activity were pooled, lyophilized and named as S1 (MW<1 kDa)
and S2 (MW>1 kDa), respectively.

Gel filtration chromatography: The fraction with the highest
DPPH radical scavenging activity (S1) after ultrafiltration was
dissolved in deionized water and loaded onto a Sephadex G-10
gel filtration column (1.4x25 cm) and then eluted with deionized
water at a flow rate of 1.0 mL/min. Each fraction was pooled,
lyophilized and measured for antioxidative activity in DPPH
radical scavenging activity.

Reversed-phase high performance liquid chromatography (RP-
HPLC): The fraction with the highest DPPH radical scavenging
activity (S12) after gel filtration chromatography was dissolved
in ultrapure water and separated by semi-preparing RP-HPLC
(Waters, USA) on a Prep C-18 column (5 um, 1.0 x 25 cm; X
bridge™, USA) using a linear gradient of acetonitrile (10-90% in
20 min) at a flow rate of 3.0 mL/min. The elution peaks were
monitored at 220 nm, and their DPPH radical scavenging activities
were measured using the same method. The active peaks were
concentrated and lyophilized.

Determination of amino acid sequence: The amino acid sequence
and an accurate molecular mass of the purified peptides were
determined using a MALDI-Q-TOF mass spectrometer (Waters,
USA) coupled with an electrospray ionization (ESI) source [13].

Statistical analysis: All analyses were run in triplicate and
averaged. A one-way analysis of variance (ANOVA) was conducted
for the analysis of response values obtained by the RSM model.
P<0.05 indicated statistical significance [33].

Results
Preparation of SPBPH

The hydrolysis of SPBP was carried out with four enzymes by pH-
stat method for 150 min at optimal conditions for each enzyme.
The results showed that the hydrolysis proceeded at a high
rate during the initial 20 min and then slowed down. After 120
min, the procedure reached a steady state which indicated the
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hydrolysis was almost completed [33]. Therefore, the hydrolysis
time was adopted as 120 min. In addition, DRSA of the resultant
SPBPH were measured and the data were shown in Figure 1. It
was shown that the DH of SPBP by alkaline protease was the
highest, however, the resulting hydrolysate showed the lowest
DRSA (near zero). The highest DRSA (87.04%) was observed in the
papain hydrolysate and the DH of SPBP by papain was moderate.
The DH reflects the percentage of peptide bonds cleaved by
protease and peptides with proper degree of hydrolysis exerting
important effects on their antioxidant abilities [34]. Nevertheless,
DRSA was not necessarily boosted by the increase of DH. The
objective of the present work was to optimize the enzymatic
hydrolysis conditions for the highest antioxidant capacity of the
hydrolysate; hence papain was adopted for hydrolysis.

Optimization of hydrolysis conditions by RSM

The optimal hydrolysis conditions of SPBP by papain were studied
by RSM. Observed values for DRSA at different combinations of
independent variables [35] are listed in Table 1. The regression
equation for DRSA of SPBPH as function of three independent
variables temperature, enzyme dose and pH (X, X, and X,) and
their interactions was derived as follows:

Y =91.16—-0.72X, +0.12.X, —1.29.X, —0.87X, X, + 143X, X, +1.90X, X, —5.01X} ~1.87.X7 —5.79.X7

The results for analysis of variance (ANOVA) for DRSA of SPBPH by
papain demonstrated that the model is highly significant at 99%
confidence level (P<0.0001), as shown in Table 2. The desirability
value was close to 1 (R? = 0.9974) and the model fitted the
experimental data with an acceptable determination coefficient.
Therefore, the results were suitable to obtain the optimum
SPBPH with high DPPH radical scavenging activity.

The results of regression analysis showed that temperature and pH
had a linear effect on DRSA values while as temperature, enzyme
dose and pH had quadratic and interaction effect (P<0.01). For any
term in the model, a larger regression coefficient and a smaller
P-value would indicate a more significant effect on the respective
response variables. For the DRSA in the model, pH value was the
most significant factor on the DPPH radical scavenging activity.

Table 1 Experimental design and results of response surface analysis.

Run Temperature Enzyme dose pH

no. (x,) (X,) (x) Y  DH(A
1 50 5000 7.0 78.21 3.68
2 60 5000 6.0 79.65 3.19
3 55 6000 6.0 83.21 8.45
4 55 4000 7.0 80.02 4.0
5 55 6000 7.0 84.32 7.52
6 50 5000 6.0 83.57 2.0
7 60 6000 6.5 82.51 14.05
8 60 4000 6.5 84.34 4.47
9 55 5000 6.5 91.50 7.66
10 50 4000 6.5 84.33 7.66
11 50 6000 6.5 86.01 9.0
12 55 4000 6.0 86.47 6.76
13 55 5000 6.5 90.82 7.96
14 55 5000 6.5 91.15 8.14
15 60 5000 7.0 80.02 3.38
3
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Table 2 Analysis of variance of Y regression equation (*P<0.05; **P<0.01; ***P<0.001).

Factors

P-value Level of significance

CoXr 87 14 1 1294 985 00002
_ lackefFt - 043 3 014 123 04784
 PueEror - 02 2 012 AR 0992

Response surface plot as a function of temperature and enzyme
dose is depicted in Figure 2a. It was concluded that the increase
in enzyme dose increased DPPH radical scavenging activity. This
might be because more enzyme molecules could provide more
chances for hydrolysis to occur. Figure 2b showed enzyme dose
and pH had interaction effect on DRSA. It was found that decrease
in pH with respect in enzyme dose increased DRSA to 87.05% and
showed gradual decrease to 82.60% with increase in enzyme
dose. Figure 2c shows response surface plot as function of pH
and temperature. It was observed that, DRSA firstly increased,
and then decreased with the increase of temperature, enzyme
dosage and pH. The reason for the decrease of DRSA may due to
denaturation and inactivation of enzymes at higher temperature
and pH.

According to the data analysis, the highest DRSA of 91.27% was
obtained at the following parameters: substrate concentration of
33 mg/mL, temperature at 55°C, enzyme dosage of 4900 U/g, pH
6.4 and hydrolysis time for 120 min. The statistic result was verified
by carrying out the experiments at the optimum conditions in
triplicate with experimental DRSA of 92.15% and DH of 7.92%,
and the IC_, values of the DPPH radical scavenging activity was
1.65 mg/mL. Compared with other hydrolyzed peptides from
animal sources in the literature, the DRSA of SPBPH was higher
than egg white protein (71.12%) [36], Nemipterus japonicus
muscle protein (45.30%) [37] and Sphyrna lewini muscle protein
(21.76%) [38], but lower than reduced glutathione (95.42%), at
the same concentration. The difference in DRSA may be because
of the difference in animal species, difference in hydrolysis
enzyme and other conditions. The hydrolysate obtained at the
optimum parameters also exerted scavenging effect on hydroxyl
radicals, superoxide radicals and reducing power with values of
48.88%, 93.45% and 0.436, respectively. The IC,; values of the
superoxide anion radical and hydroxyl radical scavenging activities
were 1.69 and 10.68 mg/mL, respectively. The superoxide anion
radical scavenging activity was significantly higher than egg white
protein (27.87%) [34], and Tilapia frame protein (58.50%) [39].

4
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sﬁ |-
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Figure 1 DRSA and DH of hydrolysates by different enzymes (10

\_ mg/mL).

\_

Figure 2 The three-dimensional plot of effect of temperature and
ED (a), ED and pH (b), pH and temperature (c) on the
\_ DPPH radical scavenging activity. J

Isolation of antioxidant peptides and character-
ization of their antioxidativity

Macroporous resin: For the further purification of antioxidant
peptides, it was necessary to removing polysaccharides (content
was 17.35+1.03%) and gathering peptides by macroporous resin.
Figure 3 shows that the elution with different concentration of
ethanol had different DRSA and polysaccharide contents. Among
them, 50% ethanol elution named as SPBPH-I possessed the
highest DPPH radical scavenging activity (5 mg/mL, 67.34%) and

This article is available in http://www.imedpub.com/synthesis-and-catalysis-open-access/
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Figure 3 DRSA and polysaccharide content of different ethanol

\_ elution. )

the lowest polysaccharide content (3.17%). Therefore, SPBPH-I
was selected for further study.

Ultrafiltration: Molecular weight is one of key factors of peptides’
bioactivity [39,40]. Using ultrafiltration to remove large peptides
is reported to improve the bioactivities of the hydrolysates
[41,42]. The distribution of molecular weight of SPBPH-I (Figure
4) showed that the MW of near 90% SPBPH-I was under 1 kDa,
and the rest was over 10 kDa. To purify the antioxidative peptide,
SPBPH-I was filtered through 1-K MWCO membrane. Two
fractions were pooled, lyophilized and named as S1 (MW<1 kDa)
and S2 (MW>1 kDa), respectively. The DRSA were 16.12%, 34.96%
and 28.07% at 2 mg/mL for SPBPH-I, S1 and S2. Therefore, S1 was
selected for further study.

Gel filtration chromatography: The elution profile of S1 with
size exclusion chromatography on Sephadex G-10 column was
shown in Figure 5. Three fractions (designated as S11, S12 and
S13) were separated, pooled and lyophilized. Their DRSA were
42.62%, 50.84% and 38.83% at 2 mg/mL, respectively. Fraction
S12 exhibited the highest DRSA. Therefore, S12 was selected for
next step.

Reversed-phase high performance liquid chromatography:
Fraction S12 was further separated by RP-HPLC and fractionated
four potions (512-1, S12-2, S12-3 and S12-4). The elution profile
of peptides was shown in Figure 6. Each fraction was pooled,
lyophilized, and measured for antioxidative activity in DPPH
radical scavenging activity. It was observed that S12-1, S12-2, S12-
3 and S12-4 had varying degrees of scavenging ability, 10.23%,
32.52%, 19.48% and 22.10% at 50 pug/mL on DPPH radical. Among
all fractions collected, fraction S12-2 exhibited the highest DPPH
radical scavenging activity (IC, value, 0.074 mg/mL) which was
higher than that of glutathione (IC_, value, 0.18 mg/mL) as
positive control.

Characterization of purified peptides: The active fraction of
S$12-2 obtained after RP-HPLC was subjected MALDI-TOF-MS for
sequencing peptide. As shown in Figure 7a, the molecular weight
of the peptide was 679.6 Da. The amino acid sequence of the

© Under License of Creative Commons Attribution 3.0 License
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ion m/z 679.6 was determined, and the antioxidative peptide was
composed of six amino acids, Glu-Pro-Val-Ser-His-Phe (Figure 7b).

Antioxidative peptides have possessed higher antioxidant
properties than intact proteins and they can favor antioxidant
cell capacity because, they can act as: i) A proton donor; ii) A
radical scavenger; iii) A ferric-reducing capacity and or metal-ion
chelator; iv) As a physical barrier that prevent ROS generation

5
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Relative Abundance

Figure 7 Characterization of the antioxidant peptides: (a) MS
spectrum of S12-2; (b) MS/MS spectrum of the ion
m/z 679.6. By manual calculation the sequence of this
peptide was Glu-Pro-Val-Ser-His-Phe.

or their access to biological targets [43]. Food-derived peptides
can also enhance antioxidant cell capacity by inducing the
gene expression of proteins that are able to protect cellular
components from oxidative stress-induced deterioration [44].
Antioxidant capacity of proteins and peptides has been reviewed
by Elias et al. [45].

Many studies have been performed in the last two years to
understand how the predominance of particular amino acids in
the peptides, molecular weight as well as their hydrophobicity
influences the antioxidative properties of the peptides [8]. It was
reported that antioxidant peptides mostly contain below the 20
amino acid residues per molecule and the lower the molecular
weight, the higher their chance to cross the intestinal barrier
and exert biological effects [12]. The sequences of peptides have
hydrophobic amino acid Pro that is expected to favor oxidation

Vol.2No. 1:3

inhibition and promotes synergy with non-peptide antioxidants
[2]. The pyrrolidine ring of Pro tends to interrupt the secondary
structure of the peptide imposing conformational constraints.
Hydrophobic amino acid residue Val is contribute to inhibit lipid
peroxidation by increasing solubility of peptides in lipid phase
and thereby facilitating better interaction with radical species;
the presence of peptides in the water-lipid interface facilitates
the scavenging of generate free radicals [46]. Hydrophobic amino
acid residue Phe is able to scavenge hydroxyl radicals to form
more stable para-, meta- or ortho-substituted hydroxylated
derivatives and the rings enable the chelation of pro-oxidant
metal ions [2]. Additionally, His have been suggested to play an
important role in radical scavenging activity due to the imidazole
group. The imidazole ring of His tends to participate in hydrogen
atom and single electron transfer reactions in order to neutralize
free radicals or bind metal ions [45]. Glu has electron-donating
ability that enables the scavenging radicals and ferric reducing
capacity. Glu can also act as metal-ion binders that limit the
propagation of lipid peroxidation caused by transitional metal
ions and change the redox cycling capacity [8]. Thus, it could be
presumed that the observed higher radical scavenging activity of
the purified peptide could be attributed to the presence of these
amino acids.

Discussion

In this study, sheep placenta by-product protein was hydrolyzed
using papain and RSM was used to determine optimal hydrolysis
conditions for obtaining antioxidant peptide. It was shown that
the second-order polynomial model was sufficient to well describe
and predict the responses of DRSA of hydrolysate. The suggested
hydrolysis conditions was found as substrate concentration of
33 mg/mL, pH 6.4, temperature 55°C, enzyme dosage 4900 U/g,
and time 120 min. Moreover, the peptide purified from sheep
placenta by-product protein hydrolysates has important amino
acids with potency to scavenge free radical and could to be used
as natural antioxidants in functional foods or nutraceuticals.
However, further detailed clinical research studies on the purified
peptides are needed in regard of in vivo antioxidant activities.

This article is available in http://www.imedpub.com/synthesis-and-catalysis-open-access/
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