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Angiotensin I-converting enzyme (ACE), a dipeptidyl carboxypeptidase, catalyzes the conversion of
Angiotensin | to the potent vasoconstrictor Angiotensin Il and plays an important physiological role in
regulating blood pressure. Inhibitors of angiotensin 1-converting enzyme derived from food proteins
are utilized for pharmaceuticals and physiologically functional foods. ACE inhibitory properties of
different enzymatic hydrolysates of glycinin, the major storage protein of soybean, have been
demonstrated. The ICs, value for the different enzyme digests ranges from 4.5 to 35 ug of N, The
Protease P hydrolysate contained the most potent suite of ACE inhibitory peptides. The ACE inhibitory
activity of the Protease P hydrolysate after fractionation by RP-HPLC and ion-pair chromatography
was ascribed to a single peptide. The peptide was homogeneous as evidenced by MALDI-TOF and
identified to be a pentapeptide. The sequence was Val-Leu-lle-Val-Pro. This peptide was synthesized
using solid-phase FMOC chemistry. The ICsq for ACE inhibition was 1.69 + 0.17 uM. The synthetic
peptide was a potent competitive inhibitor of ACE with a K; of 4.5 + 0.25 x 1078 M. This peptide was
resistant to digestion by proteases of the gastrointestinal tract. The antihypertensive property of this
peptide derived from glycinin might find importance in the development of therapeutic functional foods.

KEYWORDS: Angiotensin-converting enzyme; angiotensin-converting enzyme inhibitor; soybean; Glycine
max; glycinin; peptide

INTRODUCTION congestive heart failure (5). Synthetic ACE inhibitors are

remarkably effective, but they cause adverse side effects, and

Hypertension is a growing undesired symptom that damages .
health and threatens mostly the developed societies. It is onetherefore, the trend has been toward developing safer, natural

among the major independent risk factors for a’therosclerosis,ACE |nh|b|t9rs. ] ) )
stroke, myocardial infarction, and end stage renal disease. Nutraceutical function of foods for use in therapeutic
Angiotensin I-converting enzyme (EC 3.4.15.1 ACE), a dipep- formulations is drawing considerable attenti@). (nterest has
tidyl-dipeptidase, is the key enzyme that functions in the rennin- recently been directed to the identification, isolation, and
angiotensin system to increases blood pressije ACE purification of ACE inhibitory peptides from enzymatic hy-
increases blood pressure by both converting the inactive drolysates of food proteins. Enzymatic protein hydrolysates
decapeptide Angiotensin | to the potent vasoconstrictor Angio- containing short-chain peptides with characteristic amino acid
tensin Il and inactivating the vasodilator bradykinin. Inhibition composition and defined molecular size are desirable for specific
of ACE is considered the first line of therapy for hypertension formulations and end us&). ACE inhibitory peptides derived
and atherosclerosis. Since the original discovery of ACE from daily dietary food proteins would be useful in the
inhibitors in snake venom2j, pharmacological orally active ~ development of a novel functional food additive and present a
ACE inhibitors captopril §-3-mercapto-2-methylpropionyl]- healthier and natural alternative to ACE inhibitor drugs. ACE
proline), enalapril, and lisinopril have been developed and are inhibitory activity of peptides in vitro or in vivo has been
currently in use. These inhibitors have short peptides that bind demonstrated in caseif)( fish muscle (9, zein (10), soy sauce
tightly to the active site of ACE competing with Angiotensin |  (11), fermented milk 12), mushroom13), and rapeseed4).
for occupancy 3, 4). Captopril is an alanyl proline derivative ~ The beneficial effects of soybeaGlf/cine max) protein in the
containing a sulfhydryl group that increases its affinity for the prevention of hyperlidemic or hypercholesterolomic lesions that
ACE active site. These synthetic inhibitors of ACE have cause arteriosclerosis and hypertension are reported (15).
established themselves in the therapy of hypertension andPeptides from fermented soybean pasi®)(and soybean
hydrolysate (17) exerted an inhibitory activity of ACE in

* Corresponding author. Tel.:+91-821-2515331: fax: +91-821- vascular tissue in vivo and lowered systolic blood pressure. Four
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soybean protein showed relatively highst@alues to the order Purification and Characterization of the ACE Inhibitor Peptides.

of 15 mM (18, 19). In comparison to milk proteins, the research The most potent fraction was further purified on the same reverse-
on ACE inhibitory peptides from soybean is incomplete. Phase column using a gradient of (A) 50 mM ammonium acetate and
Considering the diversity and complexity of the different protein (B) 50 mM ammonium acetate/acetonitrile (50:50). The peptide fraction
types of soybean, soy protein provides an abundant source off°Wing highest ACE inhibition was subjected to RP-HPLC on a
biologically active peptides. Many potential antihypertensive Shimpak C-18 column using TFA/acetonitrile solvent as described

. . ; . previously. The homogeneity of the peptide Bwas ascertained by
peptide sequences are embedded in the available protei dman degradation using an Applied Biosystems 470 automated gas-

sequence data for glycinin, the major storage protein and 11Sy556 sequencer equipped with an online detection system for PTH-
globulin of soybean. This potential is yet to be realized. There amino acids. The release of a single amino-terminal amino acid indicates
exists therefore a great potential for releasing these bioactiveits homogeneity. The homogeneity and size of the peptide was also
peptides from their latency using proteases of varied specificity. evaluated by MALDI-TOF.

In the present investigation, proteolysis of glycinin was engi-  In Vitro Assay of ACE Inhibitory Activity. The ACE inhibitory
neered using varied proteases to harness peptides that exhibiactivity was assayed by RP-HPLC modified from the spectrophoto-
ACE inhibitory activity. Accordingly, the Protease P hydrolysate metric method 22) as reported by Wu and Din®%). ACE was
contained a suite of very potent ACE inhibitory peptides that extracted from porcine lung and kidney acetone powder prepared in
were subsequently fractionated and purified. A significant the laboratory. One gram of acetone powder was extracted with 10

fraction of the ACE inhibitory activity could be ascribed to a
pentapeptide, Val-Leu-lle-Val-Pro (VLIVP).

MATERIALS AND METHODS

Materials and Chemicals. Soybean (G. max) was obtained from

the local market. Bovine pancreatic trypsinx(Zrystallized, type Il

EC 3.4.21.4, 1400 units/mg), bovine pancreatichymotrypsin (3x
crystallized, type Il EC 3.4.21.1, 51 units/mg), pepsin A from porcine
stomach mucosa (EC 3.4.23.1, 2730 units/mg of protein), pancreatin
from porcine pancreas, trifluoroacetic acid (TFA), hippuryl-histidyl-
leucine (HHL), hippuric acid, 1,2-ethanedithiol, and pentafluoropro-
pionic acid were obtained from Sigma Chemical Co., St. Louis, MO.

mL of sodium borate buffer, pH 8.3, containing 300 mM NaCl &4

for 16—18 h. The extract was centrifuged at 15 @@6r 60 min at 4

°C. The supernatant was dialyzed against the same buffer for 24 h (500
mL x 3). The specific activities of the porcine and lung ACE were
0.11 and 0.15 units/mg of protein. ACE activity was assayed by
monitoring the release of hippuric acid from the substrate HHL at 228
nm. The assay mixture contained the following in a total volume of
0.45 mL: 0.1 mL of 0.1 M borate buffer, pH 8.3, containing 1% (w/
w) NaCl; 0.05 mL of 5 mM HHL; and 0.025 mL of ACE enzyme
extract. The reaction was arrested after incubation &C3for 30 min

by the addition of 0.25 mL of 1 N HCI. The product hippuric acid was
separated from HHL by a RP-HPLC Shimpak octadecyl column (250
x 4.6 mm, 5uM) by isocratic elution with 50% methanol containing
0.1% TFA at a flow rate of 0.8 mL/min and detected at 228 nm. One

Protease-P-Amano-P was from Amano Pharmaceuticals, Nagoyo, ‘]apanunit of ACE is defined as that amount of enzyme, which releases 1

Ginger protease was prepared from an acetone powder of ginger

(Zingiber officinale) as described earlier (20). Amino acid standards
and phenylisothiocynate (PITC) were from Pierce Chemical Company,
Rockford, IL.

9-Fluorenylmethyloxycarbonyl (FMOC)-protectedamino acids,
4-(2 4 -dimethoxyphenyl-FMOC-aminomethyl)phenoxyacetamido MBHA
resin, 100—200 mesh, substitution 0.45 meg/g (Rink amide MBHA),
and 2-fH-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluoro-
phosphate (HBTU) were obtained from CS Bio Co, San Carlos, CA.
All other reagents and solvents used were of analytical/HPLC grade.

Isolation of Glycinin. Glycinin was isolated as described earlier
(21). A 10% (w/v) slurry of defatted soybean flour in water containing
[-mercaptoethanol (0.1% v/v) was extracted by agitation fo8 4 at
ambient temperature and clarified by centrifugation at 668000 rpm
for 45 min at 25+ 2 °C. Glycinin was precipitated by the addition of
solid MgCl to a final concentration of 5 mM. The precipitated glycinin
was collected by centrifugation and freeze-dried. Glycinin was stored
at 4 °C until further use.

Preparation and Purification of Glycinin Derived ACE Inhibitor
Peptides.One gram of isolated glycinin was suspended in 5 mL of
0.1 M Tris-HCI buffer, pH 8.2, and then digested with Protease P
(Amano-P fromAspergillussp (2200 units/mg of protein)) using an
enzyme—substrate ratio of 2% (w/w) at 3C for 18 h. The pH of the
digestion mixture was maintained at pH 8.2 by the addition of 1 M
NaOH. The reaction was terminated by the addition of 100% (w/w)
trichloroacetic acid (TCA) to a final concentration of 10% (w/w) and
cooled on ice. The hydolysate was centrifuged at 15 000 rpm for 30
min at 4°C. This suite of peptides was used as the source of ACE
inhibitory peptides. The supernatant containing a suite of peptides was
further fractionated by RP-HPLC on a C-18 Shimpak column (250
4.6 mm, 5uM) using a binary gradient of 0.1% TFA and 70%
acetonitrile in water containing 0.05% TFA at a flow rate of 0.7 mL/
min traversing from 0 to 35%. The peptides were detected at 230 nm.
ACE inhibitor peptides were also prepared by digesting glycinin with
either bovine trypsin or chymotrypsin at an enzynsebstrate ratio of
2% (w/w) at 37°C for 18 h using the same buffer as described
previously. However, for ginger protease (290 units), the digestion
buffer used was 0.1 M sodium phosphate pH 6.0 containing 0.6 mM
DTT and was incubated at 5@ for 16 h.

umol of hippuric acid per hour at 37C and pH 8.2. To determine the
inhibition, the enzyme was preincubated with the peptide fractions. The
ICso value is defined as the concentration of peptides required to
decrease the ACE activity by 50%. The concentration of the peptide
mixture was expressed as micrograms ef determined by the copper
catalyst Kjeldhal method2@). The percent inhibition curves were
plotted using a minimum of three determinations for each concentration
and 1Go values derived from the semilogarithmic plots. A linear
regression analysis was performed with the software Origin 4.1.

Inhibitory Kinetics. Various concentrations of the substrate HHL
were incubated with either porcine or kidney ACE in the presence/
absence of the purified peptide at 3. The hippuric acid released
was determined as described previously. A calibration curve for standard
hippuric acid was constructed for reference. The initial reaction
velocities were calculated from the hippuric acid released. The type of
inhibition was determined from a Lineweaver—Burk plot (25).

Peptide SynthesisThe amide form of the pentapeptide correspond-
ing to the isolated ACE inhibitory peptide was synthesized. Synthesis
of the peptide was carried out in a 0.45 mmol scale by the solid-phase
procedure using FMOC-protected amino acids. The peptide was
assembled using Rink amide MBHA resin (0.45 meq/g) as solid support,
on an automatic peptide synthesizer Model CS136 from CS Bio Co
(San Carlos, CA). The FMOC-protecting group was removed with 20%
(v/v) piperidine in dimethyl formamide (DMF). The peptide-coupling
agent HBTU was used to activate the incoming carboxy group and to
suppress racemization. Before cleavage, FMOC was removed from the
terminus, and the resin was washed thoroughly with DMF.

The pentapeptide was obtained after cleavage of the peptidyl-resin
with TFA/ethanedithiol/water 5:0.125:0.125 (v/v) for 2 h at room
temperature. The resin was filtered into 100 mL of cold diethyl ether.
The precipitated crude peptide was collected and washed 3 times with
diethyl ether. The residual ether was removed by evaporation under
reduced pressure. The peptide was purified by RP-HPLC on a C-18
Symmetry Shield column (Waters Associate) gradient eluted with 0.1%
TFA/CH3CN at 0.7 mL/min.

Amino Acid Analysis. The isolated and synthesized peptides were
hydrolyzed in vacuo at 110C in 5.8 M HCI for 24 h. Amino acid
analysis was performed by precolumn derivatization using PITC. The



4570 J. Agric. Food Chem., Vol. 54, No. 13, 2006 Gouda et al.

T M T T T M T M T T T

Table 1. ICsp Values for ACE Inhibition of Glycinin Hydrolysates

30 | 1 3 4 i
IC 50 (ug Ng)
protease porcine lung ACE porcine kidney ACE 25 1
bovine trypsin 9.0+05 18.4+0.6 I 5
bovine chymotrypsin 29.0+18 27.2+10 20 | 1
ginger protease 351+15 336+17
Protease P 45+0.2 4904 2
< 15F 4
. o . ol 2 i
phenyl thiocarbamoyl amino acids were analyzed by HPLC using a :
Waters Associate Pico Tag amino acid analysis system (26).
In Vitro Stability of ACE Inhibitory Peptide to Gastric Proteases . 05 d T
In vitro stability against gastric proteases was assessed by treating a L /\/\_/\U 1
1% (w/v) peptide solution in 0.1 N HCI with pepsinrf@ h at 37°C, 0.0 1 1 . I N 1 . 1 . L
the reaction was stopped by boiling in a water bath for 10 min and 0 10 20 30 40 50 60
neutralized, and the ACE inhibitory activity was determined. An aliquot Retention Time (mins)

of the neutralized solution was further subjected to digestion with Figure 1. RP-HPLC profile of Protease P digest of glycinin. Fraction
pancreatin (2% wi/w) at 37C for 4 h. The ACE inhibitory activity pooled indicated by an arrow

was determined after arresting the reaction by boiling. Stability against
pancreatin without prior digestion with pepsin was also evaluated. T T T T T T T T T T T T

Data Analysis. For all the inhibition assays and kinetic data, a 0.20 34 4
minimum of three replicates were taken for data analysis. Using the
software Origin 4.1, all the values were averaged, and the mean values
were reported. Standard deviations for three replicate data were also
tabulated.

0.15

RESULTS Koo

ACE Inhibition of Glycinin Digests. The glycinin extracted
from soybean meal was digested with the use of three com-
mercially available proteases, Protease P, bovine trypsin, and
chymotrypsin, and a partially purified ginger protease. ACE
activity of the acetone powder extract of porcine lung and kidney
was 6.7 and 5.8 units/mg, respectively. ACE inhibitory activity ~ *®s 35 % 3 w5 =& o
of the crude enzyme digest was determind@able 1). The
Protease P digest exhibited the most potent ACE inhibitory
activity with an 1G of 4.5ug of N, followed by trypsin digest.
The inhibitory potency toward the lung and kidney enzyme were
similar (Table 1). The increase in the concentration of the

0.05

Retention Time (mins)
Figure 2. lon-pair chromatography profile of peptide fraction 3 of Figure
1. The solvent system used was ammonium acetate/acetonitrile. Fraction
pooled indicated by an arrow.

Protease P digest to/g of N, resulted in a sharp increase in
the inhibition of both porcine lung and kidney ACE. Thereafter, 35
the inhibition attained saturation. Digestion of glycinin with 2
Protease P, bovine trypsin, or chymotrypsin followed by ginger 30F &
protease possessing a unique specificity of cleaving C-terminal o5l
to Pro residues did not show any marked change in theft€ '
ACE inhibition (results not shown). The suite of peptides g 29}
obtained following Protease P digestion was used in all further <
studies. 15}
Isolation of ACE Inhibitory Peptides. RP-HPLC of the
Protease P hydrolysate on a C-18 column resulted in five major 10
peptide fractions with a large number of minor peptidegyre 05k
1). Among the major peptide fractions, fraction 3 exhibited the fe
highest ACE inhibitory activity. This peptide fraction was — L NP
subsequently fractionated by ion-pair chromatography using the 0 10 20 30
same column and the ammonium acetate/acetonitrile solvent Retention Time (mins)

system. The chromatographic profileigure 2) indicated the  Fjgyre 3. RP-HPLC of ACE inhibitory peptide 3-2 of Figure 2. Fraction
presence of four peptides. The major peptide (peptied,3 pooled indicated by an arrow.

Figure 2) eluting late in the gradient, however, did not exhibit

any ACE inhibitory activity. Only peptide 32 (Figure 2) inhibition/0.04 mL). The ACE inhibitory activity of the isolated
exhibited ACE inhibitory activity. This peptide fraction was peptide was much lower than that of the synthetic ACE inhibitor
further subjected to chromatography on the same column usingcaptopril (IGo: 0.023 mM).

the TFA/CHCN solvent system. The RP-HPLC profile shown ACE Inhibition Kinetics. Inhibition kinetics of the ACE

in Figure 3 indicated that the peptide was homogeneous. This inhibitor was studied to elucidate the mechanism of action. The
fraction inhibited both porcine lung and kidney ACE (92% direct HPLC method to determine the hippuric acid released
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Figure 4. Determination of ICs of the synthetic peptide for inhibition of -4 3 2 - 0 , 1 2 3 4
porcine kidney and lung ACE. -@-, porcine lung ACE and -B-, porcine 1S (mM. )
kidney ACE.

Figure 5. Lineweaver—Burk plots of porcine lung ACE inhibition by the

(23) was used to determine the initial velocity of the ACE. The Synthetic peptide VLIVP. -C-, control; -@-, 1 uM; and -A-, 2 uM.
amount of hippuric acid released in the presence of the fixed

concentration of the purified peptide at varying substrate 120 2. In Vitro Stabilty of Peptide to Digestive Enzymes

concentration was evaluated. The mode of inhibition was enzyme ACE inhibition (%)
evaluated by a LineweaveBurk plot and found to be competi- None 00
tive (data not shown). The in_hibition_ co_n;ta(]tvvas 4.5_ug of pepsin (2 h, 37 °C) 100
N2. There was no change in the inhibitory potential of the pancreatin (4 h, 37 °C) 9%
peptide when preincubated with porcine kidney or lung ACE. pepsin + pancreatin 9

The suite of peptides present in the unfractionated Protease P
digest of glycinin was also competitive in nature.

Characterization of the Peptide.The amino acid composi-
tion of the purified peptide was determined after hydrolysis in
vacuo with 5.8 M HCI at 110C for 24 h. The amino acid
composition indicated the presence of valine, proline, isoleucine,
and leucine. Trace amounts of serine and glycine were also
detected. MALDI-TOF of the peptide indicated the presence
of a single peptide om/z578.9. The amino terminal sequence
of the peptide was determined by Edman degradation on an
automated gas-phase sequencer. The sequence of the peptid%'SCUSS'ON
was found to be NkVal-Leu-lleu-Val-Pro-COOH and cor- Empirically and epidemiologically there exists a relationship
responded to V&Y-Prg*o! of the glycinin subunit G2 (Swiss  between eating habits and adult diseases such as cardiovascular
Prot: P04405) of soybeats( max). The calculated molecular diseases, hypertension, and diabetes. The discovery of peptides
weight of the peptide was 540 Da. This is in close agreement as inhibitors of ACE in food proteins has drawn considerable
with that determined by MALDI-TOF; the additional mass of attention to identifying and purifying ACE inhibitors from
38.9 is that of K. various foods for therapeutic intervention in hypertension (27).

ACE Inhibitory Properties of the Synthetic Peptide. The Regulatory peptides encrypted in food proteins can be released
penta peptide containing the obtained sequence VLIVP was from their latency by proteolytic degradation and can serve as
synthesized. Synthesis of the amide form of the peptide was physiological modulators of metabolism. The health-promoting
accomplished using Rink amide MBHA resin and FMOC properties of soybean protein and phytochemicals have been
strategy and purified by HPLC. A single peak was obtained, well-documented and accepted worldwid®(28). Glycinin is
indicating that the peptide was pure. Amino terminal sequence the major storage protein of soybean and accounts-B—
analysis of the peptide by Edman degradation on an automated35% of the total protein. The enzymatic hydrolysates of glycinin
gas-phase sequenator confirmed the sequence VLIVP. Theare potent inhibitors of ACE in vitroTiable 1). The hydrolysate
purified peptide showed the correct amino acid composition: of Protease P digestion exhibited the maximum inhibition. The
Val (2.1), Pro (1.3), Leu (1.2), and lle (0.9). The inhibitory ICsovalue of this digest was 4% 0.2 ug of N,. Although the
potential of the synthetic peptide toward kidney ACE was suite of peptides obtained from bovine trypsin and chymotrypsin
evaluated as described earlier. As showhRigure 4, the peptide was also effective in inhibiting porcine ACE, increased amounts
inhibited both porcine lung and kidney ACE. The synthetic were required to bring about the same degree of inhibition
peptide was a potent inhibitor of porcine ACE with arsd ©f (Table 1). The hydrolysate prepared by using two enzymes for
1.69+ 0.17 uM. The effect of inhibitor concentration on the digestion viz Protease P or trypsin followed by ginger protease
varying substrate concentration indicated that the synthetic did not increase the inhibitory potential toward ACE. The
peptide was also a competitive inhibitor. The inhibition constant inhibitory activity of a chicken breast muscle extract treated
K; calculated was 4.5 0.25 x 10°% M (Figure 5). with an Aspergillus protease was 1000-fold more potent than

In Vitro Stability of Synthetic ACE Inhibitory Peptide . the untreated extract (29). A zein hydrolysate prepared using
If these peptides are to find use as therapeutic agents, it isthermolysin exhibited hypotensive activity either on intraperi-
essential to evaluate their stability to gastric proteases. Theretonal or oral administration to spontaneously hypertensive rats

was no change in the ACE inhibitory activity of the synthetic
peptide after treatment with pepsin, pancreatin, and a combina-
tion of both (Table 2). The amino-terminal sequence analysis
also indicated that the peptide was intact after treatment with
either pepsin or pancreatin. These results demonstrate that the
peptide is resistant to digestion by enzymes present in the
gastrointestinal tract.
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(10). Soybean hydrolysates obtained from digestion with a acid at the carboxy-terminus. Cheung et 89)(suggest that
protease fromBacillus subtilis have also shown a higher the most favorable amino-terminal residues are branched amino
inhibitory effect after trypsin treatmentl§). An array of acids such as Val and lle and that the most preferred carboxy-
proteases viz pepsin, trypsin, chymotrypsin, denozyme, Pronaseterminus residues are among Trp, Tyr, Pro, or Phe. The use of
and actinase have been used to generate hydrolysates exhibiting ginger protease possessing a unique cleavage specificity to
ACE inhibition. An alcalase catalyzed hydrolysis of small red produce peptides with carboxy-terminal Pro residues did not

bean powder had a higher ACE inhibitory activity over

increase the ACE inhibition of the Protease P digests (results

bromelain, papain, pancreatin, trypsin, and chymotrypsin treatednot shown). Amino-terminal glycyl-dipeptides vary 300-fold in

(30).

Five peptide fractions were isolated by RP-HPLC from the
Protease P digest, of which fraction 3 exhibited the highest ACE
inhibition. With subsequent purification by ion-pair chroma-
tography and RP-HPLC, a single peptide fraction was isolated.
Peptide fraction 32 (Figure 2) was identified as the most
potent ACE inhibitory fraction. The homogeneity of the peptide
was demonstrated by RP-HPLEigure 3). The sequence of
this peptide was Val-Leu-lle-Val-Pro and corresponds to seg-
ment 397401 of glycinin subunit G2. This sequence was in

ACE inhibitory potency. Synthetic analogues of snake venom
ACE inhibitor peptides containing di-carboxylic acids were also
poor inhibitors of ACE §). Peptides Gly-Pro-Ala-HPro, Gly-
Pro-Pro-Gly-Ala (23), Ala-Val-Pro-Tyr-Pro-Glu-Ardg), and
His-His-Leu (38), however, do not contain branched chain
amino acids at their amino-terminus and yet are potent inhibitors
of ACE. The relatively high potency of the peptide isolated from
glycinin could well be attributed to the presence of Val, a
branched amino acid at the amino-terminus. Struetacgivity
correlations among peptide analogues suggested that the car-

close agreement to the determined amino acid composition. ACEROXy-terminal residues play a predominant role in competitive

inhibitory peptides can be classified into three groups: (a) true
inhibitors, (b) ACE substrates, which are converted to inactive
peptides, and (c) pro-drug peptidexl]. Only true inhibitors

binding to the active center of ACEL). The relatively wide
substrate and inhibitor specificity of ACE can be explained by
the presence of two active centers for the enzy##.(In vitro

and pro-drugs have the property to lower blood pressure. The 9astric incubation provides easy practical mimics of the fate of

peptide isolated from the Protease P digest of glycinin can be

considered as a true inhibitor because they Malue for this

peptide before and after preincubation with ACE were the same.

This peptide of glycinin is a competitive inhibitor of both lung
and porcine ACE. The chemically synthesized peptide VLIVP
was a potent inhibitor of porcine lung ACE having arsd ©f
1.69+ 0.17uM and was also competitive with respect to HHL,
with aK; of 4.5+ 0.25x 108 M. A variety of ACE inhibitory

peptides with diverse molecular properties and variable potency

has been reported. A partial summary of ACE inhibitory
peptides derived from food proteins with theirsiGralues is
available in a recent review by Li et aBZ). It has been reported
that increasing the initial (uninhibited) ACE activity in an assay
results in correspondingly better d&values, and this must be
considered when comparing d§&values from different studies
(33). The 1Go of the most potent ACE inhibitory peptide (Tyr-
Leu-Ala-Gly-Asn-GIn) of a soy protein peptic digest was 14
mM (18). The peptide Pro-Gly-Thr-Ala-Val-Phe-Lys @€ 26.5
uM) from soy protein and the tripeptide from broccoli extract
(ICse: 23.7uM) (34) are less potent than the peptide reported
in this paper. The ACE inhibitor peptide of garlic extract44C

3.7 uM) (35), buckwheat digest (I 4.0 uM) (36), an
octapeptide released from helianthinin, the 11S protein of
sunflower (IGg: 6.9uM) (37) are in the same order if not lower
than that reported in this study. However, this value is still 50-
fold less potent than the synthetic ACE inhibitor captopril
(ICs0: 0.041uM) (37). The tetra-peptide VWIS obtained from
the subtilisin digest of rapeseed protein is a pro-drug type of
ACE inhibitor, as preincubation with ACE intensified the
inhibitory activity by a factor of 6 14). A tri-peptide His-His-
Leu isolated from Korean soybean paste inhibits ACE, and the
chemically synthesized peptide exerted ACE inhibition in vivo
(38). The dipeptide His-Leu is released when ACE converts its
physiological substrate Angiotensin | to Angiotensin IlI.

The structure-activity correlations between the various ACE
inhibitory peptides remain ambiguous. An increasing number

of sequences reported in recent years have revealed a variety

of structures with inhibitory activity, and some common
structure patterns have evolved. The ACE inhibitory peptide
derived from glycinin, which is the major storage protein of

soybean, contains Val at the amino-terminus and Pro as an imino

such peptides after oral administration. The reduced hypotensive
activity of several food-derived peptides following oral admin-
istration is due to the fact that they are hydrolyzed in the Gl
tract (23). The low susceptibility of the peptide VLIVP to
hydrolysis by gastric proteases suggests compositional stability
of the peptide Table 2). Further studies to correlate the anti-
hypertensive activity at the molecular level using human cell
lines are in progress. The present results show that glycinin,
the major storage protein of soybean that is known for its health-
promoting bioactive components, is a potential starting material
for enzyme-mediated production of ACE inhibitory peptides that
can be used in health-enhancing functional foods.

ABBREVIATIONS USED

ACE, Angiotensin I-converting enzyme; FMOC, 9-fluore-
nylmethyloxycarbonyl; HBTU, 23H-benzotriazol-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate; HHL, hippuryl-
histidyl-leucine; MALDI-TOF, matrix-assisted laser desorption
ionization time-of-flight; MBHA, 4-methylbenzhydrylamine;
PITC, phenylisothiocynate; PTH, phenylthiohydantoin; RP-
HPLC, reverse-phase high-performance liquid chromatography;
TCA, trichloroacetic acid; TFA, triflouroacetic acid.
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