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Angiotensin converting enzyme (ACE) regulates blood pressure (BP) by hydrolytic actions. ACE-
inhibitors are widely used in the pharmacological treatment of hypertension. Certain food-derived
peptides can also inhibit the activity of ACE. This study shows the occurrences of known ACE-inhib-
itory peptides in cereal storage protein structures. A literature search yielded thirty-nine candidate
peptides. Of these, twenty-two peptides were found to occur in the cereal storage proteins. For in-
stance, of the tripeptides (isoleucine-proline-proline or valine-proline-proline) that lower BP in fer-
mented milk products either one appears in cereal prolamins. In addition, oat globulins possess seven
of the candidate peptides in their structures, whereas tripeptides leucine-glutamine-proline (LQP)
and valine-serine-proline (VSP) occur repeatedly in C-hordeins and ω-secalins (LQP), and D-hor-
deins (VSP). Cereal storage proteins, thus, appeared as potential sources of ACE-inhibitory peptides.
Novel cereal products with BP-lowering effects may be developed by liberation of the target pep-
tides.
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Introduction

Angiotensin converting enzyme (ACE) is a pro-
teolytic enzyme that regulates blood pressure
(BP) by its hydrolytic actions (Fig. 1). ACE con-
verts angiotensin-I (that has no direct effect on
BP) to angiotensin-II, which constricts blood
vessels (vasoconstrictor) and thereby elevates BP
(Fig. 1, left side). In addition, ACE (also called

kininase II) cleaves bradykinin (vasodilator) to
metabolites that have no blood vessel dilating
activity (Fig. 1, right side).

Since ACE is an enzyme, it can be inactivat-
ed by blocking its active site with selective en-
zyme inhibitors. Synthetic ACE-inhibitors are
widely used in the pharmacological treatment of
hypertension. Certain peptides with suitable
structures are also able to inhibit the activity of
ACE by binding to its active site. Ferreira et al.
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(1970) were the first to report studies in which
they isolated ACE-inhibitors from snake venom.
At that time, the development of synthetic ACE-
inhibitors also began (for a review see Cushman
and Ondetti 1999).

ACE-inhibitory peptides can originate also
from food proteins. Degradation of food proteins
during gastrointestinal digestion or during food
processing may produce ACE-inhibitory pep-
tides. In food process the microbial cultures or
the added enzymes, as well as the endogenous
proteolytic enzymes present in the raw material,
may have proteolytic activity that produces ac-
tive peptides. In order to retain its activity, an
orally administered ACE-inhibitory peptide
should resist digestive proteases and it should
be absorbed into the blood. Small peptides, such
as di or tripeptides, are generally considered
more able to absorb intact into blood than larger
polypeptides.

Calpis and Evolus, commercially available
acidified milk products in Japan and in Finland,
respectively, lowered BP in hypertensive patients
in placebo-controlled studies (Hata et al. 1996,
Seppo et al. 2003). The efficacy of the products
is based on the same two tripeptides, isoleucine-
proline-proline (IPP) and valine-proline-proline
(VPP), which are formed from milk caseins dur-
ing microbial fermentation by certain Lactoba-
cillus helveticus strains. In addition, in Japan, a
thermolysin-digest of fish protein, with BP-low-
ering activity, has the status of “Food for speci-
fied health use” (Fujita and Yoshikawa 1999).
The BP lowering activity of the digest is attrib-
uted to a pentapeptide and a tripeptide, leucine-
lysine-proline-asparagine-methionine and leu-

cine-lysine-proline (LKP), which possess a long-
lasting BP-lowering activity and effective ACE-
inhibition in vitro, respectively. However, no
such cereal-based products are available, and
only a few studies relating to cereal proteins as
sources of ACE-inhibitors exist (Miyoshi et al.
1991, Kawakami et al. 1995, Gobbetti et al. 1997,
Matsui et al. 1999, Suh et al. 2003).

The present study collects data on the ACE-
inhibitory peptides, and explores the primary
structures of the main storage proteins of Finn-
ish cereals (rye, wheat, barley, oat) for these can-
didate peptides. Structural similarities between
the candidate peptides and also requirements for
the effective proteolysis of cereal proteins are
discussed.

Material and methods

Selection of the candidate peptides
Literature concerning the ACE-inhibitory pep-
tides was thoroughly searched for ACE-inhibi-
tory peptide sequences. Candidate peptides were
selected based on following criteria:

1. the candidate peptide has an IC50-concen-
tration (by which 50% of the activity of ACE
is inhibited) of 10 µM or less, and

2. the candidate peptide consists of two to four
amino acids, since larger peptides were con-
sidered too sensitive to digestive proteases.

Database exploration
The amino acid sequences of the main storage
proteins of wheat, rye, barley, and oats were ex-
plored in a protein structure database environ-
ment (iProClass) for candidate peptides. Single-
letter amino acid codes of the candidate peptides
were entered and submitted to database, after
which the search engine returned a set of pro-
teins that contained the particular amino acid

Fig. 1. Hydrolytic effects of angiotensin converting enzyme
(ACE) on angiotensin I and bradykinin.
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sequence. After this, the search was limited by
organism to include wheat, barley, oats, and rye
proteins; each organism was searched separate-
ly. The sequence identification codes of the re-
sulted cereal storage proteins were collected and
saved (data not shown). The searched storage
proteins included avenins and globulins for oats,
hordeins for barley, secalins for rye, and glute-
nins and gliadins for wheat.

Results

Thirty-nine ACE-inhibitory candidate peptides,
which comprised of eight dipeptides, twenty-
seven tripeptides, and four tetrapeptides, were
found in the literature. The IC50-concentrations
(for ACE inhibition) of the selected peptides
varied from 0.21 to 10 µM (Table 1). Surveys
made in iProClass database resulted in twenty-
two candidate peptides that occur in the struc-
tures of the cereal storage proteins (Table 1). For
instance, either one of the tripeptides (IPP and
VPP) that lowers the blood pressure in hyper-
tensive patients (Hata et al 1996; Seppo et al.
2003) occurs in the searched cereal prolamins
(Table 1). In addition, two tripeptides, LKP and
leucine-arginine-proline (LRP) that have strong
ACE-inhibitory activities in vitro appear in the
structures of oat globulins (LKP), gamma-hor-
deins (LRP), and gamma-gliadins (LRP) (Table
1). It is also noteworthy that two of the candi-
date peptides, valine-serine-proline (VSP) and
leucine-glutamine-proline (LQP), occur repeat-
edly (up to sixteen repeats per single protein) in
the structures of barley D-hordeins (VSP) and
rye omega-secalins and barley C-hordeins
(LQP).

Discussion

The storage proteins of Finnish cereals possess
most (22/39) of the known ACE-inhibitory pep-

tides. The findings, thus, indicate good possibil-
ities to use cereal proteins as sources of BP-low-
ering peptides. This study focused on the main
storage proteins of cereals, as they comprise the
majority of cereal proteins. In addition, semi-
manufactured products of cereal storage proteins
are commercially available (such as wheat glu-
ten). Results presented in this study are based
on database surveys that were performed in the
protein structure database environment (iPro-
Class), which consists of reported protein struc-
tures. Therefore some variation in primary struc-
tures of certain proteins may exist within a spe-
cies; for instance, at least three slightly differ-
ent primary structures are reported in the data-
base for 12S oat globulins (Shotwell et al. 1988,
1990; Schubert et al. 1990; Tanchak et al. 1995).

Certain structural characteristics were evi-
dent. For instance, proline, tyrosine, or tryp-
tophan most commonly appeared in the carboxyl-
terminal of the candidate peptides, whereas hy-
drophobic amino acids with aliphatic side chains,
such as glycine, isoleucine, leucine, and valine,
occurred predominantly in the amino-ends of the
peptides (Table 1). Tripeptides that have this kind
of terminal structure seem predominantly to have
basic amino acid (lysine or arginine) or proline
as central amino acid (Table 1). These observa-
tions are in good agreement with previous find-
ings, which indicated that the most potent C-ter-
minal amino acids for dipeptides binding to ACE
were tryptophan, proline, tyrosine, and pheny-
lalanine (Cheung et al. 1980). Similarly, valine
and isoleucine appeared potential among N-ter-
minal amino acids for dipeptides (Cheung et al.
1980). Among tripeptides isolated previously,
very similar characteristics were observable as
hydrophobic-aliphatic amino acids appeared in
N-terminal, basic amino acids in centre, and pro-
line as C-terminal amino acid (Matsumura et al.
1993). These kinds of observations on the struc-
tural characteristics of peptides may help to pre-
dict new active peptide sequences.

Prolamins, the alcohol-soluble proteins of
cereals, evidently have numerous proline rich
candidate peptides in their structures (Table 1).
For instance, of the tripeptides (IPP or VPP) ei-
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Table 1. Occurrences of the candidate peptides in the primary  structures of the main storage proteins of wheat, rye, barley,
and oats.

Candidate IC50 µM Occurence in cereal storage proteins (iProClass) References for peptide candidates and
peptide corresponding IC50-values

AW 10 – Cheung et al. (1980)

FY 3.7 D-hordeins, rye high molecular weight secalins Suetsuna (1998)
(rye HMW), wheat high molecular weight
glutenins (wheat HMW)

IW 2.0 avenins, C-hordeins, γ-gliadins Cheung et al. (1980)

IY 2.1–3.7 oat globulins, rye HMW, wheat HMW, wheat low Cheung et al. (1980), Saito et al. (1994),
molecular weight glutenins (wheat LMW), Fujita and Yoshikawa (1999), Matsui et al.
γ-gliadins (1999), Marczak et al. (2003),

PR 4.1 oat globulins, C-hordeins, rye HMW, γ-secalins, Saito et al. (1994)
wheat HMW, wheat LMW, γ-gliadins,

VF 9.2 avenins, oat globulins, B-hordeins, wheat LMW, Matsui et al. (1999)
γ-gliadins

VW 1.4–1.6 – Cheung et al. (1980), Saito et al. (1994),
Marczak et al. (2003)

VY 7.1 avenins, oat globulins, B-hordeins, γ-secalins, Saito et al. (1994)
wheat HMW, wheat LMW, α/β, γ-gliadins

DLP 4.8 γ-secalins, wheat LMW Wu and Ding (2002)

FAP 3.8 – Yamamoto (1997)

GGY 1.3 wheat LMW Saito et al. (1994)

GPL 2.6 – Byun and Kim (2001)

GPV 4.7 oat globulins, wheat HMW Kim et al. (2001)

HHL 4.9 γ-secalins Shin et al. (2001) (calculated on results)

IKP 2.5–6.9 – Matsumura et al. (1993), Fujita and
Yoshikawa (1999)

IKW 0.21 – Fujita and Yoshikawa (1999)

IPP 5 wheat LMW, α/β-gliadins Nakamura and Yamamoto (1995)

IRA 6.4 B-hordeins, wheat LMW, γ-gliadins Miyoshi et al. (1991)

IRP 1.8 – Matsumura et al. (1993)

IVY 0.48 B-hordeins, wheat LMW Matsui et al. (1999)

IWH 3.5 – Fujita and Yoshikawa (1999)

LAY 3.9 – Miyoshi et al. (1991)

LKP 0.32 oat globulins Fujita and Yoshikawa (1999)

LPP 9.6 wheat LMW, γ-gliadins Yamamoto (1997)

LQP 2.0 avenins, B, C, D, γ-hordeins, rye HMW, ω-secalins, Miyoshi et al. (1991)
wheat HMW, wheat LMW, α/β, γ, ω -gliadins,

LRP 0.29-1.0 γ-hordeins, γ-gliadins Miyoshi et al. (1991), Matsumura et al. (1993)

LSP 1.7 oat globulins Miyoshi et al. (1991)

LYP 6.6 – Yamamoto (1997)

PRY 2.5 rye HMW, wheat HMW Saito et al. (1994)

VAP 2 – Yamamoto (1997)

continued on the next page
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ther one occurs in the structures of cereal
prolamins (Table 1). In addition, the tripeptide
LQP occurs repeatedly in barley C-hordeins and
rye omega-secalins. The multiple incidence (up
to sixteen repeats) of this particular tripeptide
in prolamin structures makes it an interesting
target peptide. The amino acid composition of
LQP is somewhat typical for cereal prolamins;
glutamic acid (including its amine glutamine)
and proline normally cover approximately half
(mol %) of all amino acids present in cereal
prolamins (of wheat, barley, oats, and rye)
(Shewry and Tatham 1999).

In addition to prolamins, potential candidate
peptides also occurred in oat globulins, the
unique salt-soluble storage proteins of oats.
Tripeptides, LKP and leucine-serine-proline
(LSP), with low IC50-concentrations (0.32 µM
and 1.7 µM, respectively), appeared only in oat
globulins. The oat globulins also possess a third
candidate tripeptide (glycine-proline-valine) and
four candidate dipeptides (isoleucine-tyrosine,
proline-arginine, valine-phenylalanine, and va-
line-tyrosine) in their structures. These findings
along with the relatively good solubility proper-
ties of oat globulins raise them as potential sourc-
es of ACE-inhibitory peptides. Avenins, the
prolamins of oats, also contain five of the candi-
date peptides in their structures (Table 1).

The cleavage of the desired peptide from the
structures of cereal proteins, however, may be

complicated. Specific difficulties in the libera-
tion of the target peptides arise from the tight
structures of cereal storage proteins. Cereal stor-
age proteins compared to for example milk ca-
seins have relatively compact protein structures.
The tightly compacted structures of cereal pro-
teins must therefore partly be opened before ef-
fective hydrolysis can occur. Opening of the
structures can include mild denaturation, reduc-
tion of disulfide bonds between and inside pro-
teins, partial proteolysis etc. It also is obvious
that proteins are easier substrates for enzymes
when they are in a soluble and open form. Pro-
tein solubility, however, is strongly dependent
on solvent, pH, and temperature, as certainly is
the activity of proteolytic enzymes. Cleavage of
a known peptide, with a known sequence and
location, apart from the protein structure with a
desired enzyme, thus, requires conditions that are
beneficial not just for protein availability but also
for the enzyme activity.

This database survey shows that wheat, rye,
barley, and oats possess most of the known ACE-
inhibitory peptide sequences in their storage pro-
tein structures. Cereals, thus, appear to be po-
tential sources of BP-lowering peptides, if the
active peptides can be liberated. Liberation of
peptides in food processes, however, requires
safe enzymes and good understanding of the sub-
strate protein characteristics. The development
of cereal foods that contain bioactive peptides

Candidate IC50 µM Occurence in cereal storage proteins (iProClass) References for peptide candidates and
peptide corresponding IC50-values

VPP 9 avenins, γ-hordeins, rye HMW, wheat HMW, Nakamura and Yamamoto (1995)
γ-gliadins

VRP 2.2 γ-gliadins Matsumura et al. (1993)

VSP 10 D-hordeins, wheat HMW Miyoshi et al. (1991)

VWY 9.4 – Saito et al. (1994)

YQY 4 – Li et al. (2002)

FVAP 10 – Yamamoto (1997)

IYPR 10 – Saito et al. (1994)

VFPS 0.46 – Matsui et al. (1999)

YGGY 3.4 – Saito et al. (1994)

cont.
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may also require novel product concepts, such
as liquid-based cereal products with high pro-
tein contents.
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SELOSTUS
Angiotensiini I -muuntavaa entsyymiä estävien peptidien aminohapposekvenssien

esiintyminen viljan varastoproteiinien rakenteessa
Jussi Loponen

Helsingin yliopisto

poikkeuksetta kaikkien viljojen prolamiineissa. Kau-
ran globuliinien rakenteessa oli puolestaan kaikkiaan
seitsemän haetuista peptideistä. Mielenkiintoinen ha-
vainto oli kahden tripeptidin toistuva esiintyminen
(jopa 16 kertaa proteiinia kohti) rukiin omega-seka-
liineissa, ohran C-hordeiineissa (leusiini-glutamiini-
proliini) ja ohran D-hordeiineissa (valiini-seriini-pro-
liini). Tutkimustulosten perusteella viljaproteiineis-
sa on lupaavasti verenpainetta alentavia peptidejä.
Uudenlaisten verenpainetta alentavien viljatuotteiden
kehittäminen vaatii peptidien tehokasta vapauttamista
proteiinirakenteesta, mikä puolestaan edellyttää elin-
tarvikekäyttöön soveltuvia turvallisia proteolyyttisiä
entsyymejä sekä substraattiproteiinien ominaisuuk-
sien tuntemista.
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