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Abstract: This paper reviews the angiotensin I converting enzyme inhibitory peptides origi-
nated from food materials and enzymatic hydrolysate of different kinds of proteins. Focus was
put on the peptides derived from milk casein by the action of the proteolytic system of lactic
acid bacteria. Some of the peptides exhibit significant antihypertensive effects in spontaneously
hypertensive rats. Some new topics relating to these antihypertensive peptides are introduced.
The possible significance of bioactive peptides derived from food in vivo is also discussed.
q 1997 John Wiley & Sons, Inc. Biopoly 43: 129–134, 1997

Keywords: antihypertensive peptides; food proteins; angiotensin I converting enzyme; enzy-
matic hydrolysate

INTRODUCTION ing effect in animals.9–19 Recently, an antihyperten-
sive effect related to angiotensin I converting en-
zyme inhibitory peptides was reported for sour milkIn food materials, milk proteins, caseins, and whey

proteins are essential for the nutrition of neonates. produced by a starter containing Lactobacillus
helveticus and Saccharomyces cerevisiae.20,21 In theAlthough the caseins serve mainly as a nutritional

source, i.e., to supply amino acids, recent studies present paper, a brief overview of angiotensin I con-
verting enzyme inhibitory peptides from milk caseinreveal that they also have a biological role. Because

of their open, flexible structure, caseins are very and other food proteins will be introduced first.
Then, the importance of the proteolytic system ofsusceptible to proteolysis. Enzymatic hydrolysis of

milk proteins produces various physiologically lactic acid bacteria in the production of functional
peptides, such as the antihypertensive peptides, willfunctional peptides such as opioid peptides, immu-

nostimulating peptides, 1 and angiotensin I con- be described. Finally, the application of the bioac-
tive peptides for functional foods, based on theverting enzyme inhibitors.

Lactic acid bacteria growing in milk develop a study of antihypertensive peptides, will be dis-
cussed.proteolytic system that releases peptides from ca-

sein. Since the beginning of this century, many stud-
ies have demonstrated the beneficial effects of lactic
acid bacteria and cultured dairy products on nutri- ANGIOTENSIN I CONVERTING

ENZYME INHIBITORY PEPTIDEStion and health status of animals and humans: im-
provement of intestinal microflora,2 prevention of
intestinal disorder, 3 hypocholesteromic effect, 4 pro- Among biologically active peptides, antihyperten-

sive peptides have been studied extensively. Angio-longation of life, 5 and cancer therapy and preven-
tion.6–8 There is also evidence that lactic bacteria tensin I converting enzyme (kininase II; EC

3.4.15.1) (ACE) plays an important role in bloodand fermented milk might have an immunomodulat-
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Table I Angiotensin I Converting Enzyme Inhibitors from Some Proteins

Peptide Source Preparation IC50 (mM)a Reference

Pyr-WPRPTPNIPP Snake venom Extraction 2 29, 30
Pyr-WPRPNIPP Snake venom Extraction 3 29, 30
Pyr-NWPRPNIPP Snake venom Extraction 3 29, 30
Pyr-NWPHPNIPP Snake venom Extraction 9 29, 30
Pyr-SWPGPNIPP Snake venom Extraction 39 29, 30
Pyr-GGWPRPGPEIPP Snake venom Extraction 13 29, 30
Pyr-NWPHPNIPP Snake venom Extraction 13 29, 30
FFVAPFPEVFGK as1-Casein Trypsin 77 32
FFVAP as1-Casein Peptidase 6 33
TTMPLW as1-Casein Trypsin 16 35
PLW as1-Casein Synthesis 36 35
LW as1-Casein Synthesis 50 35
VAP as1-Casein Synthesis 2 33
FVAP as1-Casein Synthesis 10 33
FAP — Synthesis 3.8 33
AVPYPQR b-Casein Trypsin 15 35
IYPFVEPI h-b-Casein Synthesis 8 36
IYPFVEPIP h-b-Casein Synthesis 12 36
LIYPFVEPIP h-b-Casein Synthesis 9 36
IYPFVEPIPY h-b-Casein Synthesis 20 36
YPFVEPIPY h-b-Casein Synthesis 20 36
PFVEPIPY h-b-Casein Synthesis 25 36
FVEPIPY h-b-Casein Synthesis 55 36
PIPY h-b-Casein Synthesis 30 36
VHLPPP g-Zein Thermolysin 200 37
VHLPP g-Zein Synthesis 18 37
LPP g-Zein Synthesis 9.6 37
VHIPP — Synthesis 10 37
VHLAP — Synthesis 4.5 37
LRP a-Zein Thermolysin 0.27 39
LSP a-Zein Thermolysin 1.7 39
LQP a-Zein Thermolysin 1.9 39
PTHIKWGD Tuna muscle Synthesis 0.9 43, 44
PTHIKWG Tuna muscle Synthesis 7.6 44
PTHIKW Tuna muscle Synthesis 1.8 44
THIKWGD Tuna muscle Synthesis 50 44
HIKWGD Tuna muscle Synthesis 50 44
PTHIKWD Tuna muscle Synthesis 38 44
PTHIDW — Synthesis 13 44
PTHIAW — Synthesis 0.39 44
PTHVAW — Synthesis 1.5 44
IKPLNY Tuna muscle Thermolysin 43 45
IVGRPRHQG Tuna muscle Thermolysin 6.2 45
VGRPRHQG Tuna muscle Synthesis 5.4 45
GRPRHQG Tuna muscle Synthesis 34 45
RPRHQG Tuna muscle Synthesis 22 45
IW Tuna muscle Synthesis 2 45
IWHHTF Tuna muscle Synthesis 2.5 45
IWHHT Tuna muscle Thermolysin 5.1 45
WHHTF Tuna muscle Synthesis 46 45
HHTF Tuna muscle Synthesis 84 45
ALPHA Tuna muscle Thermolysin 10 45
LKPNM Tuna muscle Thermolysin 17 45
IY Tuna muscle Thermolysin 3.7 45
FQP Tuna muscle Thermolysin 12 45
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Table I (Continued from the previous page.)

Peptide Source Preparation IC50 (mM)a Reference

DYGLYP Tuna muscle Thermolysin 62 45
DMIPAQK Tuna muscle Thermolysin 45 45
IKP Tuna muscle Synthesis 1.7 45
LNY Tuna muscle Synthesis 81 45
LYP — Synthesis 6.6 45
VRP Bonito Autolysis 2.2 46
IKP Bonito Autolysis 2.5 46
LRP Bonito Autolysis 1 46
IRP Bonito Autolysis 1.8 46
SVAKLEK Bonito Autolysis 82 47
ALPHA Bonito Autolysis 79 47
GVYPHK Bonito Autolysis 1.6 47
IRPVN Bonito Autolysis 1.4 47
GVYPHK Bonito Synthesis 1.6 47
VYPHK Bonito Synthesis 7.6 47
IRP Bonito Synthesis 1.8 47
IRPV Bonito Synthesis 31 47

a The concentration of an ACE inhibitor needed to inhibit 50% of ACE activity.

pressure regulation. It is a dipeptidyl carboxypepti- tent ACEI activities in vitro. Whereas some specific
inhibitors of ACE have been proven to be useful asdase that catalyzes both the production of the vaso-

constrictor angiotensin II and the inactivation of the antihypertensive drugs,47 the physiological impor-
tance of these bioactive peptides is not yet under-vasodilator bradykinin.22,23 ACE is an unusual zinc-

metallopeptidase in that it is activated by chloride stood.
and lacks a narrow in vitro substrate specificity.24

ACE is predominantly expressed as a membrane-
bound ectoenzyme in vascular endothelial cells and ANTIHYPERTENSIVE PEPTIDES

PRODUCED BY THE PROTEINASE OFalso in several other types of cells including absorp-
tive epithelial cells, neuroepithelial cells, and male LACTIC ACID BACTERIA
germinal cells.25–27

The first competitive inhibitors to ACE were re- Antihypertensive effects of some peptides have
been demonstrated in spontaneously hypertensiveported from naturally occurring peptides in snake

venom.28,29 Ferreira et al.28 isolated nine biologically rate (SHR) by oral administration (Table II) . Some
peptides show strong antihypertensive effects inactive peptides from Bothrops jararaca. The pep-

tides contain 5–13 amino acid residues per mole- SHR with a low dose of peptides by oral administra-
tion. For the peptides that showed the antihyperten-cule. Among them, the peptide that had a sequence

of pyrrolodonecarboxyl-Lys-Trp-Ala-Pro showed sive effects with a high administration dose, the
effects were initially tested at lower doses of pep-the highest ACE inhibitory (ACEI) activity. Ondetti

et al.29 reported other strong ACEI peptides from the tides.48,49

Lactic acid bacteria have extracellular proteinasevenom of Bothrops jararaca (Table I) . Thereafter,
many other ACE inhibitors have been discovered and release peptides from casein.50–54 The hydroly-

sate of casein by the extracellular proteinase demon-from enzymatic hydrolysates or the related synthetic
peptides of bovine casein,30–34 human casein,35 strated antihypertensive activity in SHR at a dosage

of 15 mg/kg by oral administration, but controlzein,36–38 gelatin, 39 soy sauce,40 soybean, corn,
wheat, and other food proteins. Many studies have tryptic digested peptides did not show the effect.55 A

potent antihypertensive peptide, Lys-Val-Leu-Pro-also been performed on fish products, such as sar-
dine muscle, 41 tuna muscle, 42–44 and bonito.45,46 The Val-Pro-Gln, was purified and identified from ca-

sein hydrolysate produced by a proteinase from L.most active ACEI peptides found in these studies
are summarized in Table I. These peptides contain helveticus CP79056 (Table II) . Unexpectedly, the

antihypertensive peptide did not show strong ACEI2–12 amino acid residues, several of them with
proline in the C-terminus. These peptides show po- activity. However, a shorter peptide, Lys-Val-Leu-
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Table II Antihypertensive Peptides Derived from Caseins by Proteolytic Action of Lactic Acid Bacteria

IC50 Dose SBP
Peptide Source Preparation (mM)a (mg/kg) (mm Hg) Reference

Enzymatic hydrolysate
FFVAPFPEVFGK as1-Casein Trypsin 77 100 013.0b 32
AVPYPQR b-Casein Trypsin 15 100 010.0b 35
TTMPLW as1-Casein Trypsin 16 100 013.6b 35
KVLPVPQ b-Casein Proteinase ú 1000 1 024.1c 56
KVLPVP b-Casein Digestive enzyme 5 1 032.2c 56
YKVPQL as1-Casein Proteinase 22 1 012.5c 56

Fermented products
RF Sake lees Brewing — 100 017c 48
VW Sake lees Brewing 1.4 100 010c 48
YW Sake lees Brewing 10.5 100 028c 48
VY Sake Brewing 7.1 100 031c 48
IYPRY Sake Brewing 4.1 100 019c 49
VPP b-Casein Fermentation 9 1.6 020c 20, 21
IPP b- and k-casein Fermentation 5 1 015.1c 20, 21

a The concentration of an ACE inhibitor needed to inhibit 50% of ACE activity.
b Changes of systolic blood pressure in SHR at 3 h after oral administration.
c Changes of systolic blood pressure in SHR at 6 h after oral administration.

Pro-Val-Pro, was liberated from Lys-Val-Leu-Pro- than other species and the peptide content in the
milk medium is higher after fermentation.57 The an-Val-Pro-Gln by pancreatic digestion, and the shorter

peptide had very potent ACEI activity (IC50 Å 5 tihypertensive effect in SHR was specific to the milk
fermented by L. helveticus strain. In contrast, themM) . This ACEI peptide may be generated from

heptapeptide by gastrointestinal digestion and there- milk fermented with L. helveticus CP791, a variant
defective for proteinase activity, was not effectivefore may exhibit antihypertensive activity in SHR.

These results suggest that breakdown of the ingested on systolic blood pressure (SBP) of SHR.55

On the other hand, Furushiro et al. reported anpeptides by the gastrointestinal enzyme, in the intes-
tine, affects the biological reactions in animals. antihypertensive effect of a cell extract from Lacto-

bacillus casei.58 The antihypertensive compounds
purified from an extract of L. casei cell lysate
were polysaccharide–glycopeptide complexes, andANTIHYPERTENSIVE PEPTIDES FROM

FERMENTED MILK showed a molecular weight of 180,000.59 Sawada
et al. suggested that the antihypertensive effect of
these complexes is not caused by inhibition of ACESingle oral administration of a sour milk fermented

by a starter containing L. helveticus and S. cerevis- but rather by enhancement of prostaglandin I2 bio-
synthesis and the subsequent decrease in peripheraliae to SHR with a dosage of 5 mL/kg of body

weight significantly decreases the systolic blood vascular resistance.60

pressure from 6 to 8 h after administration.21 Two
kinds of antihypertensive peptides, Val-Pro-Pro and
Ile-Pro-Pro, were purified from the sour milk.20 An- ABSORPTION OF BIOACTIVE PEPTIDE
tihypertensive effect of these two peptides were also
observed from 2 to 8 h after administration and the To show the antihypertensive function in the human

body, the active peptide has to be absorbed fromeffects were dose dependent. These peptides were
produced during fermentation,21 but were not found the intestine as active form. It is known that small

peptides, such as di- and tripeptides, are easily ad-in the hydrolysate of casein by an extracellular pro-
teinase of L. helveticus. These peptides seemed to be sorbed in the intestine.61,62 However, there have

been no reports about the adsorption of a functionalprocessed from the casein molecule by extracellular
proteinase followed by some peptidase action dur- peptide and detection of it in the target organ. In

SHR fed with the sour milk, ACE activities of aorta,ing fermentation. Among lactic acid bacteria, L.
helveticus has generally higher proteolytic activity heart, liver, testes, kidney, lung, and brain were
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measured.63 In ACE activity of the various organs essary to study the mechanism of the antihyperten-
sive effect in vivo. Finally, there is the possibilitymeasured, the activity in aorta was significantly

lower in the sour milk group than the control group. of pharmaceutical and commercial use of the antihy-
pertensive peptides because of their mild effect andIkemoto et al.64 reported that the ACE activity of

aorta in stroked-prone SHR was significantly higher safety with respect to the human body.
than in normotensive rats. The importance of the
decrease of ACE activity in the aorta caused by the I thank Masafumi Maeno and Toshiaki Takano for a criti-
expression of antihypertenseive activity of the sour cal reading the manuscript, and Robert C. O’Brien for
milk in SHR was suggested.63 Moreover, the major revising the English of the document.
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