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Hipotensyjna i antyoksydacyjna aktywno$¢ peptydéw pochodzacych
z hydrolizatu biatek kietkéw grochu (Pisum sativum)

INTRODUCTION

Nowadays the production of high quality, healthy food that requires the application of raw
materials containing bioactive substances, has became subject of interest of researchers and
consumers. The peptides, which can be present on the food or release after enzymatic hydrolysis,
as a bioactive food compound, may have preventive influence on our cardiovascular system and
many degenerative diseases, such as cancers, atherosclerosis and diabetes [10]. On the other hand,
the seeds of leguminous plants are the particular source of protein in the diet, due to their amino
acid composition being similar to animal protein, carbohydrates (e.g. fibre, resistant starch and
oligosaccharides), vitamins and minerals [5].

Angiotensin converting enzyme I (ACE, peptidyl dipeptide hydrolase EC 3.4.15.1) plays important
role in rennin-angiotensin-aldosteron system (RAAS), involve in cardiovascular system regulation.
This enzyme is responsible for conversion of angiotensin I to angiotensin II, which reveals a strong
influence contracting the muscle membrane of blood vessels, which results in a blood pressure increase.
Hypertension is the most common risk factor in heart diseases development and, unfortunately, is called
“silent killer”, because it shows no symptoms for years [7]. In recent years, the interest in natural
compounds of plant origin (such as revealing ACE activity inhibition properties) has been growing,
in view of the fact that numerous synthetic inhibitors often bring about serious side effects resulting
in disorders of the alimentary, respiratory or nervous system. It has been shown that reactive oxygen
species (ROS) and free radicals play an important role in many degenerative diseases, such as cancers,
atherosclerosis and diabetes [4]. The creation of free radicals is an unavoidable consequence of the
respiration of aerobic organisms. These radicals are very unstable and can quickly react with other
groups or substances in the body, resulting in damage to tissues or cells. ROS results from disturbances
between the production of free oxygen radicals and ability of cells to eliminate them [14]. The body has
its own systems of protection against ROS, which include antioxidative enzymes (enzymatic system)
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and antioxidative low molecular weight compounds (non-enzymatic system). Such compounds include
peptides, which reduce the rate of the lipid autoxidation and lower the content of peroxide forms of
fatty acids in food. They also limit the amount of free radicals by fulfilling the function of a peroxide
decomposition promoter and by displaying the ability to bind heavy metals [9].

In this study protein hydrolysates derived from pea sprouts was a source of antioxidative and

ACE (angiotensin I-converting enzyme) inhibitory peptides.

MATERIALS AND METHODS

Raw 5 day pea sprouts (Pisum sativum var. Bajka) were selected and cleaned to remove

contaminants. The enzymes of pea sprouts were inactivated by heating for 15 min at 100°C.

Preparation of pea sprouts protein isolate (PSPI) and hydrolysate (PSPH)

The pea sprouts protein isolate was prepared according to the process described by Megias with
minor modifications [12].

Protein hydrolysis was produced from the 4% protein isolate solution by using pepsin (enzyme-
substrate ratio 1:20) under standard conditions (temperature at 37°C; pH 2.0) during 2h. Hydrolysis
was stopped by heating to 100°C for 10 min.

Hydrolysate was clarified by centrifuging at 8000 rpm for 20 min at 4°C to remove insoluble
substrate fragments and residual enzyme. The supernatant containing the peptides was frozen and
stored at -20°C before further analysis.

The protein hydrolysate was used for purification and determination of antioxidative and ACE

inhibitory activity of peptides.

Purification and determination of peptides with the highest biological activity

The PSPH was separated by chromatography on DEAE cellulose (linear gradient of NaCl from
0 to 0.5 M). Fractions (2ml each) were collected at a flow rate of 0.8 ml/h, and absorbance was
measured at 220 nm to determine the elution profile of the sample. Fractions associated with each
peak showing antioxidant and ACE inhibitory activity were pooled and evaporated under vacuum.
The fraction exhibiting the highest antiradical and ACE inhibitor activity was purified using a
Sephadex G-10 gel filtration resin (flow rate: 0.8 ml/min). In the fractions the antioxidative and ACE
inhibitor activity peptides were determined.

The peptides concentration was measured by TNBS (trinitrobenzene sulfonic acid) method by
Adler-Nissen [1].

Antioxidant activity assay

Theantiradical activity was determinedbyradical cation 2, 2 -azino-bis(3-ethylbenzthiazoline-6
sulphonic acid) (ABTS™) decolorization assay [13]. The antiradical activity was expressed as the
scavenging percent.

Metal ions chelating activity was measured according to the method described by Decker and

Welch, with minor modification [6].
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ACE-inhibitory activity assay
The ACE-inhibitory activity was determined following the method described by Hollenberg with
minor modifications [8]. The ACE-inhibitory activity was expressed as IC, value, which was defined

as the peptides concentration (mg/ml) required for half-scavenging.

RESULTS

The pea sprouts protein isolate (PSPI) used for the generation of protein hydrolysates was
obtained by alkaline extraction and precipitation of proteins at their pl. Before pepsin proteolysis,
the pea protein solution showed a lower peptides content 4.20 mg/ml, while the IC, value of ACE
inhibitory activity was 10.72 mg/ml, antioxidant activity was 20.37% against ABTS™" and 7.72%
ability to chelating of Fe*" (Tab.1). During digestion, the peptides content was increased slightly
to 21.86 mg/ml, the IC value of ACE inhibitory activity was 1.59 mg/ml and antiradical activity
and ability to chelating of Fe?": 99.57% and 84.35%, respectively (Tab.1). The pea sprouts protein
hydrolysates were separated by DEAE cellulose chromatography (Fig.1). The eight fractions were
collected and concentrated in a vacuum concentrator. The ACE inhibitory and antioxidant activity of
each fraction was measured (Fig.2) Sample with highest hypotension activity was fractionated using
Sephadex G10 resin (Fig.3). The experimental results are shown in Tab.3.

Table 1. Peptides concentration, IC, value of ACE inhibitory activity (mg/ml),
antioxidant activity (%) in pea sprouts protein isolate (PSPI) and hydrolysate (PSPH)

Pea Peptides IC,, value of Antiradical activity (%), Iron(IT)chelating ability (%),
sprouts concentration | ACE inhibitory peptides concentration peptides concentration
proteins (mg/ml) activity (mg/ml) 0.2mg/ml 0.2mg/ml
PSPI 4.20 10.72 20.37 7.72
PSPH 21.86 1.59 99.57 84.35

Table 2. Peptides concentration, IC, | value of ACE inhibitory activity (mg/ml) and antioxidant activity (%)

in sample obtained after separation of sixth fraction on Sephadex G10

peptides concentration 0.80 mg/ml

IC,, value of ACE inhibitory activity 0.69 mg/ml
antiradical activity 60.95%
iron(II)-chelating ability 75.38%
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Fig.1. Ion exchange chromatography profile of the pepsin
hydrolysate of pea sprouts protein on DEAE-cellulose column
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Fig. 2. Peptides concentration, antioxidant activity (%), IC, value of ACE inhibitory activity (mg/ml) in
fractions obtained after separated PSPH on DEAE cellulose



Antihypertensive and antioxidative activity of peptides derived from pea sprouts... 179

0,5

o o o
N w £
| | |

Absorbance 220nm

o
—
|

o
o |

20 40 60 80 100
fraction nr

Fig. 3. Gel filtration profile of sixth fraction on Sephadex G10

DISCUSSION

During digestion of pea sprouts proteins, the peptides content slightly increased. Legume proteins
are only partly hydrolysed because of the inability of most proteases to cleave phosphoproteins,
glycoproteins, other post-translationally modified species, or domains that contain a higher number
of disulfide bridges [3]. The biologically peptides activity depend on the degree of protein hydrolysis.

The pea sprouts protein inhibited ACE activity and the IC,, value was obtained 10.72 mg/ml and

50
after pepsin digestion hydrolysates showed the value of inhibition as IC, =1.59 mg/ml. According
to Akillioglu and Karakaya study, the ACE inhibitory activity of the peptide samples was increased
during pepsin digestion of proteins. The highest ACE peptides inhibitory activity was observed
for green lentil hydrolysates where after 50 min of digestion the IC,  value was determined as
0.008 mg/ml [2]. On the other hand, Marczak et al. reported that pepsin digestion has influence on
hypertensive pepsin hydrolysates obtained from rapeseed proteins and this enzyme cased the highest
ACE inhibitory activity and the value of IC, after pepsin, pancreatin and pepsin-pancreatin was
demonstrated as 0.16, 1.3 and 0.7 mg/ml, respectively [11].

In this study radical activity was inhibited around 20 and 99% for pea sprouts protein isolates
and hydrolysates, respectively and it is compared to results obtained by Philanto et. al. - antiradical
activity changed from 5.6 to 89.4% [13]. According to Zhang et al. the Fe?* chelating was estimated
to be 63.08% of the purified peptide obtained from chickpea protein hydrolysates [16]. This result is
compared to our study where the Fe** chelating capability in purified fraction was demonstrated at
75.38 %. The purified peptides fraction exhibited ACE inhibitory activity — for 0.8 mg/ml the value
of ion chelating was observed at 75.38%. But not only legume can cause ion chelating, on the other
hand the alfalfa protein hydrolysates showed 65.15 % chelating effect for 0.8 mg/ml of peptides [15].
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The correlation between the highest ACE inhibitory activity and antioxidative activity wasn’t

observed. This suggests that the biological activity of peptides may depend on the specific proteases

used and the nature of the peptides released.

CONCLUSION

The pepsin hydrolysis of pea sprout protein enables production of low molecular weight

products with ACE-inhibitory and antioxidative activity. These peptides can be promising bioactive

compounds for functional foods aimed at preventing and/or treating lifestyle diseases, particularly

hypertension.
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SUMMARY

Proteins of leguminous plants being a source of bioactive peptides characterized by antioxidant
and blood pressure lowering properties, can contribute to the prevention of the development of many
civilization diseases by inhibiting free radical reactions and delaying the process of cell aging. In
this study antioxidative and ACE (angiotensin I-converting enzyme) inhibitory activity of peptides
obtained from pepsin hydrolysis of proteins of pea sprouts, were studied. During hydrolysis, the
peptides content increased slightly to 21.86 mg/ml, the IC, value of ACE inhibitory activity was 1.59
mg/ml and antiradical activity and ability to chelating of Fe*" was 99.57% and 84.35%, respectively.
The pea sprouts protein hydrolysate was separated by DEAE cellulose. The highest hypotension
activity was obtained in sixth fraction (IC,-0.36mg/ml), which was fractionated using Sephadex
G10 resin. The received fraction demonstrated inhibitory activity at 60.95 % with regard to ABTS™,
and ability to chelating of Fe*" at 75.38%, while IC,; value of ACE inhibitory peptide was 0.69 mg/
ml. In conclusion, pea sprouts are a source of bioactive peptides, which have antihypertensive and
antioxidant properties, released in the process of their digestion using pepsin. This suggests that these
hydrolysates can be used for production of new preparations having a favorable effect on human
health or can be applied as additives to functional food increasingly popular among customers.

Keywords: peptides, antihypertensive properties, antioxidative properties, legumes

STRESZCZENIE

Biatka roslin straczkowych sa prekursorami bioaktywnych peptydow o przeciwnadcisnieniowych
iantyoksydacyjnych wlasciwosciach, ktore poprzez hamowanie reakcji wolnorodnikowych opdzniaja
starzenie si¢ komorek i moga mie¢ znaczenie w zapobieganiu rozwoju wielu chorob cywilizacyjnych.
W niniejszej pracy zbadano wtasciwosci przeciwutleniajace oraz hamujace aktywno$¢ ACE (enzymu
konwertujacego angiotensyng I) peptydéw otrzymanych w wyniku pepsynowej hydrolizy biatek
kietkow grochu (Pisum sativum odm. Bajka). Podczas hydrolizy zawarto$¢ peptydow wzrosta
do 21.86 mg/ml, a warto$¢ IC, peptydowych inhibitorow ACE wynosita 1.59 mg/ml, natomiast
aktywno$¢ antyrodnikowa i zdolnos¢ do chelatowania jonéw Fe?* odpowiednio: 99.57% i 84.35%.
Hydrolizat biatek kietkéw grochu poddano rozdziatowi na ztozu DEAE-celuloza. Najwyzsza

aktywno$¢ przeciwnadci$nieniowg uzyskano we frakeji szostej (IC,, -0.36mg/ml), ktora nastepnie
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poddano rozdzialowi na zlozu Sephadex G10. Otrzymana frakcja wykazywata 60.95 % inhibicji
wobec ABTS™* i 75.38% zdolnosci do chelatowania jonow Fe**, natomiast warto$¢ IC_ peptydowego
inhibitora ACE wyniosta 0.69 mg/ml. Biatka kietkéw grochu sa potencjalnym zrodtem biologicznie
aktywnych peptydow o wlasciwosciach przeciwnadcisnieniowych i przeciwutleniajacych, ktore
uwalniane zostaja podczas pepsynowej proteolizy. Tego typu hydrolizaty moga zosta¢ wykorzystane
do produkcji nowych preparatow korzystnie wptywajacych na organizm ludzki lub jako dodatki do
zywnosci funkcjonalnej, coraz bardziej popularnej wsréd konsumentow.

Stowa kluczowe: peptydy, wlasciwosci przeciwnadcisnieniowe, wlasciwosci antyoksydacyjne,
ro$liny straczkowe



