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Purification of an ACE Inhibitory Peptide after Hydrolysis of
Sunflower (Helianthus annuus L.) Protein Isolates
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Sunflower protein isolates and the proteases pepsin and pancreatin were used for the production of
protein hydrolysates that inhibit angiotensin-1 converting enzyme (ACE). Hydrolysates obtained after
3 h of incubation with pepsin and 3 h with pancreatin were studied. An ACE inhibitory peptide with
the sequence Phe-Val-Asn-Pro-GIn-Ala-Gly-Ser was obtained by G-50 gel filtration chromatography
and high-performance liquid chromatography Cig reverse phase chromatography. This peptide
corresponds to a fragment of helianthinin, the 11S globulin from sunflower seeds, which is the main
storage protein in sunflower. These results show that sunflower seed proteins are a potential source
of ACE inhibitory peptides when hydrolyzed with pepsin and pancreatin.
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INTRODUCTION of the starting material, i.e., protein isolates and defatted

. sunflower meal.
In recent years food has been considered not only a source

of energy and basic components for the maintenance and growth AMONg bioactive peptides, those with antihypertensive effects
of the body but also a source of bioactive compounds that may "ave been the most extensively studiget 10. These peptides
exert beneficial effects in humans. The presence of bioactive €xert their antihypertensive activity by inhibition of the angio-
compounds in food is even more important for cells of the tensin-I converting enzyme (ACE). ACE activity leads to an
digestive system, because it is directly exposed to food and theincrease in blood pressure by producing the vasoconstrictor
products of its digestion. Bioactive peptides are among the manypeptide angiotensin Il and by degrading the vasodilator peptide
functional components identified in foods in recent yeds ( bradyquinin. Antihypertensive peptides with ACE inhibitory
These are small protein fragments that have biological effects activity have been purified from animall, 12) and plant
once they are released during gastrointestinal digestion in theproteins (13,14). Many antihypertensive peptides have been
organism or by previous in vitro protein hydrolysis. For example, purified from milk (15,16) and derived products such as cheese
biopeptides with antihypertensive, immunomodulatory, opioid, (17), whey (8), or skimmed milk 19). Most peptides have
antioxidant, or hypocholesterolemic activity have been described been generated with microbial proteases, such as those involved
(2, 3). Some of these peptides possess several bioactivities, andn milk processing. In some cases, the release of antihypertensive
peptides with two or more activities have been purifiédl ( peptides in in vitro models simulating gastrointestinal digestion

Plant protein isolates and hydrolysates, especially soy isolates,has been studied2Q, 21). The hypotensive activity of ACE
are used in the elaboration of infant formulas, meat, soups, andinhibitory peptides has also been demonstrated in vivo in
bakery and dairy product$). Sunflower Helianthus annuus  spontaneously hypertensive ra22) and human volunteer3).
L.) constitutes an interesting raw materlal_ for the preparation The in vitro digestion of plant proteins with pepsin and
.Of protein !l‘sola(tjes and hylgro_lé/sates. It is .Onehoi.fttm most pancreatin may result in the production of bioactive peptides
Important ol seed crops worldwide, representing the ! argest that could be used in the elaboration of foods. Because these
source of edible 0il§). Defatted sunflower meal contains about . . . . . L

enzymes are involved in gastrointestinal digestion in man, the

30% protein, which could potentially be used as a food its obtained will al ide inf i th i
ingredient instead of being wasted or being used for animal feeq,'eSU'ts obtained will aiso provide information on the generation

Sunflower protein isolates have been used as substrates for th@' Pioactive peptides during the physiological digestion of these
production of hydrolysates with better functional or nutritional ©F Similar proteins. o _ S
properties than the original isolat&’)( Sunflower protein The production of ACE inhibitory peptides during digestion
hydrolysates may also represent a source of bioactive peptidespf sunflower protein isolates with pepsin plus pancreatin is
enhancing the value of the hydrolysates and the overall value described in the present paper. We show that an underutilized
byproduct such as defatted sunflower meal may be useful in

*To whom correspondence should be addressed. Tel: 954611550. human food nUtr't'on as_ a source of bioactive peptides with
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MATERIALS AND METHODS of ACE inhibitory activity. One of these fractions (fraction V) was
injected in an analytical HPLC reverse phase columgs (di-Pore
RP-318, 250 mmx 4.6 mm BIO-RAD column) for the analysis of
ACE inhibitory activity in individual peaks. The injection volume was
50 uL, and the sample concentration was 2 mg/mL. Elution was
achieved by a linear gradient of acetonitrile in water{80% in 50
min) containing 0.1% trifluoroacétic acid at a flow rate of 1 mL/min
at 30°C. Elution was monitored at 215 nm.
Electrophoresis.Tricine-sodium dodecyl sulfate polyacrylamide gel
lectrophoresis (SDS—PAGE) was performed following the method
f Schaggerr and von Jagow?) with slight modifications. The
separating gel consisted of 20% T, 6% C gel where the composition
of the acrylamide mixtures was defined by the letters T (total percentage
Pg@ncentration of acrylamide and bisacrylamide) and C (percentage
ncentration of the cross-linker relative to the total concentration T)

Materials. Hippuryl-L-histidyl-L-leucine (HHL), captopril, 2,4,6-
trichloro-s-triazine (TT), trinitrobenzenesulfonic acid (TNBS), phenyl-
methylsulfonyl fluoride (PMSF), gastric porcine pepsin, and porcine
pancreatin were purchased from Sigma. All other chemicals were of
analytical grade. Defatted sunflower meal was supplied by MIGASA
(Sevilla, Spain).

Preparation of ACE. ACE was prepared according to Hayakari et
al. (24) with modifications. Porcine lungs purchased in a local market
were used as the starting material. Tissue samples were diced an
homogenized in 10 volumes of ice-cold 10 mM potassium phosphate
buffer, pH 8.3, containing 100M pepstatin and 0.1 mM PMSF. The
homogenate was centrifuged at 500@g 10 min, and the resulting
supernatant was used as the source of ACE. This supernatant possess

a specific_ activity around 20 U/mg protein. according to Hjerten28). The stacking gel consisted of a 4% T, 3%
To verify the absence of undesirable proteases such as carboxypep¢ gel. The lengths of the separating and stacking gels were 6 and 2

tidase in ACE extracts, the kinetics of HHL hydrolysis by ACE was o, “respectively, with a gel thickness of 1 mm. Electrophoresis was
foIIow_ed_m the presence (O.’BM) or absence of captop_nl, a potent performed at a constant voltage of 60 V for stacking and 120 V for
ACE inhibitor. The res_ults |nd|cfated that the hydrolysis was du_e to separation. Protein bands were fixed in a solution containing 20%
ACE because hydrolysis of HHL in the presence of captopril is residual ,athano| and 8% acetic acid for 15 min before they were stained with
and similar to the blank (_dgta not shown)_. . - 0.25% coomassie brilliant blue G in 45% methanol and 10% acetic
Assay of ACE.ACE activity was determined according to Hayakari .4 for 24 h. Destaining of the gel was performed in 10% acetic acid.
et _al. e4) W.'th modlflc_atlons. ACE hydrolyzes HHL to y"?ld h'ppP“C Peptide SequencingThe sequence of the purified peptides was
acid and His-Leu. This method relies on the colorimetric reaction of ;jantified by sequence analysis with a Perkin-Elmer/Applied Biosystems

hippuric acid with TT, developed in a 0.5 mL incubation mixture  prqcise 494 microsequencertetiingen, Germany) running in pulsed
containing 4Qumol of potassium phosphate buffer, pH 8.3, 3060l liquid mode.

of sodium chloride, 1.5tmol of HHL, 1 ug of enzyme extract, and
different amounts of hydrolysate extracts. Incubation was carried out
for 15 min at 37°C. The reaction was terminated by addition of 1.5 RESULTS AND DISCUSSION
mL of 3% TT in dioxane, followed by 3 mL of 0.2 M phosphate buffer, Hydrolysis of Sunflower Protein Isolates with Pepsin and
pH 8.3. After the reaction mixtures were centrifuged at 10g0@0 10 Pancreatin. Pepsin and pancreatin were used to obtain an
min, enzymatic activity was determined in the supernatant. The extensivel f ;

; y hydrolyzed sunflower protein hydrolysate. Pepsin
absorbance was read at 382 nm. Theolzalue was defined as the is the main proteolytic enzyme generated in the stomach during

concentration of peptide ipg protein/mL required to produce 50% . ! ) .
inhibition of ACE in the described conditions and was determined by 00d digestion. Pancreatin includes proteases, such as trypsin,

regression analysis of ACE inhibition (%) vs peptide concentration. Cchymotrypsin, and elastase that are released by the pancreas in
Hydrolysis. Protein isolates, prepared as previously descriggd (  the small bowel. Thus, the final sunflower protein hydrolysate
were hydrolyzed by sequential treatment with pepsin and pancreatin Obtained by hydrolysis using pepsin and pancreatin represents
using a hydrolysis reactor. A digestion with pepsin for 180 min was a pool of peptides resembling those generated during the
followed by incubation with pancreatin for another 180 min. Hydrolysis  digestion of sunflower proteins in the organism. These peptides,
parameters were used as follows: protein isolate concentration, 10%peing resistant to pepsin and pancreatin, could be absorbed by
(Wiv); en;yme/substrate ratio, 1:20 (sz); pH 2 for pepsin_and 7.5 for digestive epithelial cells along the small intestifégure 1
pancreatin; temperature, 3T. Hydrolysis was conducted in a 1000 gjq\ys the kinetics of the hydrolysis of sunflower protein isolate
mL reaction vessel equipped with a stirrer, thermometer, and pH by pepsin and pancreatin and the ACE inhibitory activity at

electrode. Hydrolysis was stopped by heating at°80for 20 min. : . . . .
Hydrolysates were clarified by ultrafiltration through 0.4 filters different times of the hydrolysis. The rate of hydrolysis with

(Millipore, Bedford, MA) to remove insoluble substrate and lyophilized. PePsin is very high in the first 10 min, and after that hydrolysis
Degree of Hydrolysis.The degree of hydrolysis was calculated by ~Proceeds more slowly. On the other hand, pancreatin activity

determination of free amino groups by reaction with TNBS8)( The is observed even aft@ h ofincubation with the protease. Most
total number of amino groups was determined in a sample of protein likely, the sequential action of the different proteases included
isolate hydrolyzed by incubation with 6 N HCI at 12G for 24 h. in the pancreatin extract extends the hydrolysis over a longer

G-50 Gel Filtration Chromatography. After filtration through 5 time.

kDa membranes (Millipore) in an Amicon cell system, 1 mL of A dramatic increase in the generation of ACE inhibitory
;””fr"ové’er gr%tg'” I'}?{?"z.'ysatef (10 zmg/rgé_) Wast '”fJIECtEd t'”tcf’ @ peptides is observed at the beginning of the hydrolysis with
ephadex G-50 gel filtration column (2 cm55 cm) ata flow rate of o qin These initial batches of peptides are probably hydrolyzed

10 mL/h 50 mM ammonium bicarbonate, pH 9.1. Fractions selected th fi . ACE  inhibit tivit
for further purification of peptides were pooled and lyophilized before as the reactuon progresses, since Innipitory activity

high-performance liquid chromatography (HPLG)(Peptide molec-  d€creases very quickly after that, but from 45 to 180 min, the
ular masses were determined by reference to a calibration curve createdCE inhibitory activity increased again up to 45%. Digestion

by running molecular mass markers on the Sephadex G-50 underwith pancreatin also leads to a maximum of ACE inhibition at

identical running conditions to test samples. Molecular mass standardsthe beginning of the hydrolysis.

were cytochrome C (12 384 Da), bacitracin (1400 Da);dalgiotensin Unlike pepsin, pancreatin acts in the small intestine, so that
(917 Da), Arg-Lys-Glu-Val-Tyr (693 Da), and Trp-Gly (261 Da). the peptides produced could be readily absorbed by the
Protein elution was monitored at 280 nm. organism. The activity of ACE was inhibited around 25%

HPLC Cis Chromatography. Fractions collected from Sephadex

G-50 column were redissolved in deionized water and injected in a o : : 0
preparative HPLC reverse phase columiy(d-Pore RP-318, 250 mm degree of hydrolysis increased progressively reaching 37% at

% 10 mm BIO-RAD column). The injection volume was 100, and the end of the hydrolysis. This degree of hydrolysis would

the sample concentration was 20 mg/mL. Elution was achieved by a correspond to a pool of peptides containing to two or three
linear gradient of acetonitrile in water£B0% in 50 min) containing ~ @Mmino acids on average. Probably, a steady state between the

0.1% trifluoroacetic acid at a flow rate of 4 mL/min at°3Q. Elution generation and the degradation of inhibitory peptides was
was monitored at 215 nm, and five fractions were collected for assay maintained during hydrolysis.

inhibition during the digestion with pancreatin. However, the
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Figure 1. Enzymatic hydrolysis of sunflower protein isolate with pepsin (added at time 0) and pancreatin (added at 180 min) and percentage inhibition
of ACE by the resulting hydrolysates. Ten micrograms of protein hydrolysate was used for the inhibition assay.
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e |-16.9 Figure 3. Elution profile of a sunflower hydrolysate obtained by incubation
. - -140-‘; with pepsin and pancreatin in a Sephadex G-50 gel filtration column.
. W E g Protein elution was monitored at 280 nm. ACE inhibitory activity was
we - 6.2 assayed in the eluted fractions. Five micrograms of protein hydrolysates
[ & was used for the ACE assay.
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Figure 2. (A) SDS—-PAGE (20% T, 6% C) profile of sunflower protein
isolate (0 min) and sunflower protein hydrolysates obtained by treatment
with pepsin for up to 180 min. PMWM, peptides molecular weight markers.
(B) SDS—PAGE profile of sunflower protein hydrolysates obtained with
pancreatin for up to 180 min. PMWM, peptides molecular weight markers.

be readily absorbed by the organism. Peptides included in this
hydrolysate might exert some biological activity locally at the
intestinal epithelium. If they are absorbed, they could then reach
the bloodstream and act peripherally.

Gel Filtration Chromatography of Protein Hydrolysate
Obtained with Pepsin Plus Pancreatin.The final hydrolysate

SDS-PAGE of the pepsin hydrolysateBigure 2A) showed obtained by sequential incubation with pepsin and pancreatin
that most bands corresponding to sunflower proteins had was used for purification of peptidic fractions and peptides with
disappeared after 5 min of hydrolysis. This was in accordance ACE inhibitory activity. This hydrolysate was filtered through
with the increase in the degree of hydrolysis observed in the a 5 kDa membrane to remove high molecular mass peptides
initial minutes of the incubation with pepsin. This profile was and residual proteins and then applied to a G-50 gel filtration
maintained for the duration of hydrolysis with bands of column (Figure 3). The profile that was obtained is typical of
molecular masses 10.5 and 7.6 kDa resistant to pepsin activitya protein hydrolysate formed by a pool of peptides of gradually
observed at the end of the incubation. However, hydrolysis with decreasing molecular masses. Elution volumes between 75 and
pancreatin Figure 2B) resulted in the disappearance of these 175 mL included free amino acids and peptides with molecular
bands yielding a profile with a smear of lower molecular mass masses up to 8.5 kDa. ACE inhibitory activity was determined
peptides. As the incubation with pancreatin progressed, thein fractions with a higher absorbance at 280 nm. Fractions with
staining became more faint due to the difficulty to stain small an elution volume of 135 mL or higher were not analyzed since
peptides with coomassie blue. they included mostly free amino acids. As observeéigure

The final hydrolysate obtained after an extensive incubation 3, the highest ACE inhibitory activity was found in the fractions
with pepsin and pancreatin consisted of small peptides that mightincluding the peptides with higher molecular masses, with
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Figure 4. Preparative RP-HPLC Cig chromatography of the fractions
obtained by gel filtration. Fractions |-V were collected for ACE assay as
indicated.

Table 1. ACE Inhibition from Fractions Purified by HPLC Reverse
Phase Chromatography?

fraction elution time (min) ACE inhibition (%)
| 3-12 85+0.8
Il 12-22 136+0.5
I 22-30 19.2+26
\% 30-35 12.8+14
\Y 35-50 300+18

2 Five micrograms of the hydrolysates was used for the incubation assays.
Results are the average + SD of two independent experiments.
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Figure 5. Analytical RP-HPLC Cyg analysis of fraction V from Figure 4.
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Table 2. ACE Inhibition from Fractions Purified by a Second Step of
HPLC Reverse Phase Chromatography and for Captopril®

fractions ACE inhibition (%) ICs0 (neg/mL) 1Cs0 (M)
1 108+74

2 13.0+44

3 38+05

4 104+523

5 10920

6 20.2+39 13.7

7 20.0+43 20.8

8 19.8+29 15

9 285+24 10

10 178+04

11 53.0+37 5.7 6.9
12 478+28 24

13 28.0+£23

captopril 0.0089 0.041

aTwo micrograms of peptides was used for the inhibition assay. Results are
the average + SD of two independent experiments.

fractions, except for number 13 that was made of a complex
peptide mixture. Again, peptides eluting later, represented by
fractions 9, 11, 12, and 13, were the most active. Fractions 11
and 12, with the highest % ACE inhibition and consequently
lowest 1G value, were submitted for sequencing, although only
number 11 yielded a single sequence, corresponding to the
octapeptide FYNPQAGS. A sequence search revealed that this
sequence corresponds to a fragment of helianthinin, the 11S
globulin of sunflower seed3(). This is the main storage protein

in this crop. Thus, helianthinin is the source of an ACE
inhibitory peptide upon hydrolysis with pepsin and pancreatin.
It is not known in which moment of the hydrolysis this peptide
was generated, but it should be highly resistant to pepsin and
pancreatin since it has remained intact after the hydrolysis with
both proteases. Furthermore, in its sequence, there are no targets
for the action of the most common digestive enzymes pepsin,
trypsin, and chymotrypsin.

There is no clear relationship between structure and activity
in ACE inhibitory peptides. An increasing number of sequences
reported in recent years have revealed a variety of structures
with inhibitory activity, and some common structure patterns
have emerged from these studies. Thus, peptides rich in
hydrophobic amino acids (aromatic or branched chains) in the
C-terminal region 2) and peptides rich in proline88) are
frequently found among ACE inhibitors. To our knowledge, the
bioactive sequence that we have found in helianthinin has not

elution volumes around 95 mL. Peptides corresponding to been described before in any source of protein. However, a
elution volumes between 75 and 105 mL were pooled and similarity has been observed with the sequences of others

concentrated by lyophilization for further analyses by RP-HPLC
chromatography.

HPLC Reverse Phase Chromatography of Fractions
Pooled from G-50 Gel Filtration Chromatography. Figure
4 shows RP-HPLC analysis of fractions purified from gel
filtration chromatography. The eluate was divided into five
fractions, as indicated in the figure, to assay ACE inhibitory
activity (Table 1). Fraction V provided the highest inhibition
of ACE. As previously observed with chickpea protein hydroly-

peptides. For example, the sequence FVXP of the N-terminal
region of the peptide is also observed in peptides generated from
os-casein with trypsin such as FFVAPFPEVFGR4] or
FFVAP (35). Also, the domain PQ is observed in ACE
inhibitory peptides such as KVLPVPQ froffitcasein (36) or
YKVPQL from as-casein (36).

Inhibitory potency may be very variable between peptides
(37). The 1Go (6.9 uM) for the peptide released from helian-
thinin is in the same order of magnitude than thepl@ported

sates (29), the peptides that eluted last from the reverse phaséor many other natural ACE inhibitory peptides. Nevertheless,

column had the highest ACE inhibitory activity. It has been

this 1G5 value is still far from the |G of the synthethic ACE

suggested that ACE inhibitory peptides are rich in hydrophobic inhibitor captopril (Table 2).

amino acids, which results in a higher retention in hydrophobic

chromatography column (30).

To further purify ACE inhibitory peptides, fraction V was
applied to an analytical {g reverse phase columirigure 5).
Eluted peptides were divided in 13 fractions, and their ACE
inhibitory activity was studiedTable 2 shows % ACE inhibition
of the 13 fractions as well as the 4€of the most active

In conclusion, our results showed that a complex pattern of
peptides with ACE inhibitory activity could be obtained by
treating deffated sunflower meal with pepsin and pancreatin. A
single peptide was purified and sequenced, which corresponded
to a fragment in the sequence of the main sunflower seed storage
globulin, helianthinin. Following this procedure, deffated sun-
flower meal, an inexpensive byproduct or waste of sunflower
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oil production, could be used for producing a value-added food
component with health promoting characteristics.
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