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Novel angiotensin I-converting enzyme inhibitory peptides
isolated from Alcalase hydrolysate of mung bean protein
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Abstract: Mung bean protein isolates were hydrolyzed for 2 h by Alcalase. The generated hydrolysate showed angiotensin
I-converting enzyme (ACE) inhibitory activity with the IC50 value of 0.64 mg protein/ml. Three kinds of novel ACE inhibitory
peptides were isolated from the hydrolysate by Sephadex G-15 and reverse-phase high performance liquid chromatography
(RP-HPLC). These peptides were identified by amino acid composition analysis and matrix assisted-laser desorption/ionization
time-of-flight tandem mass spectrometry (MALDI-TOF MS/MS), as Lys-Asp-Tyr-Arg-Leu, Val-Thr-Pro-Ala-Leu-Arg and Lys-Leu-
Pro-Ala-Gly-Thr-Leu-Phe with the IC50 values of 26.5 µM, 82.4 µM and 13.4 µM, respectively. Copyright  2006 European Peptide
Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Angiotensin I-converting enzyme (ACE, dipeptidyl car-
boxpeptidase, EC 3.4.15.1) plays an important role in
the regulation of blood pressure as well as cardiovas-
cular function. ACE converts the inactive decapeptide
angiotensin I into the potent vasoconstricting octapep-
tide angiotensin II, and also inactivates vasodilator,
bradykinin [1]. Thus, inhibition of ACE results in a
decrease in blood pressure. Many potent synthetic ACE
inhibitors such as captopril, enalapril, lisinopril and
ramipril have been widely used in the clinical treatment
of hypertension and heart failure in humans. However,
synthetic ACE inhibitors can have side effects including
cough, taste disturbances and skin rashes [2]. There-
fore, the search for diet-related preventive measures for
hypertension is obviously of interest within the scope
of functional foods. ACE inhibitory peptides derived
from food proteins are suitable candidates for such
products. Oshima et al. first reported ACE inhibitory
peptides produced from food protein by digestive pro-
teases [3]. Afterward, many ACE inhibitory peptides
have been discovered from enzymatic hydrolysates of
different food proteins. These peptides with in vitro
ACE inhibitory activities have been well demonstrated
having in vivo inhibitory properties on ACE and anti-
hypertensive effects without side effects in SHR and
hypertensive humans [4].

Abbreviations: DH, degree of hydrolysis; SBP, systolic blood pressure;
SHR, spontaneously hypertensive rats.
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Mung bean is a popular food in China due to
its detoxifying, anti-inflammatory, antitumorogenic,
cholesterol-lowering and diuretic properties. Mung
bean is an excellent source of protein with the
protein content ranging from 20 to 33% in addition
to the bean being almost free from flatulence-causing
factors [5]. In our previous studies, we found that
mung bean protein hydrolysates obtained with Alcalase
exhibited in vitro ACE inhibitory activity [6,7] and
exerted antihypertensive effect in SHR [8]. The objective
of this study was to isolate and identify peptides
responsible for ACE inhibitory activity from mung bean
protein hydrolysate produced by Alcalase.

MATERIALS AND METHODS

Materials

Mung beans (Phaseolus radiatus L.) were purchased from a
local supermarket. The seeds were ground and defatted with
hexane for 24 h in a shaker. ACE (from rabbit lung; 3.4 U/mg
of protein), pepsin (1 : 60 000, 3400 U/mg of solid, from porcine
stomach mucosa), hippuryl-L-histidyl-L-leucine, captopril and
a-cyano-4-hydroxycinnamic acid were purchased from Sigma
(St Louis, MO, USA). Alcalase 2.4 L (liquid, 2.4 AU/g) was
kindly provided by Novo Nordisk (Bagsvaerd, Denmark).
Alcalase 2.4 L is a food-grade endoprotease from Bacillus
licheniformis and the main enzyme component is the serine
protease subtilisin A (EC3.4.21.62).

Preparation of Mung Bean Protein Isolates

Protein isolates were prepared from defatted mung bean
flour by extraction with alkaline water (pH 9.0, 1 : 10 w/v
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flour : water ratio) for 30 min at room temperature (∼25 °C).
The suspension thus obtained was centrifuged at 2000 × g
for 20 min. The supernatants were combined and the pH
adjusted to 4.6 with 2 N HCl. The protein precipitate formed
was separated by centrifugation at 2000 × g for 20 min. The
precipitate was washed twice with distilled water and then
lyophilized.

Preparation of Protein Hydrolysates

Mung bean protein hydrolysate was prepared as described by
our previous study [7]. Briefly, Alcalase was added to the
mung bean protein isolates solution (4%, w/v) at 20 µl/g
protein (enzyme/bean protein). Hydrolysis was performed
using the pH-stat method [9] for 2 h at 55 °C and pH 8.0. The
enzymatic hydrolysis was terminated by heating for 10 min in
a boiling water bath. The protein hydrolysate was centrifuged
at 10 000 × g for 20 min, and the resulting supernatant was
filtrated through the hollow fiber ultrafiltration membrane
(Tianjin Motian Membrane Engineering and Technology Co.
Ltd., Tianjin, China) with a molecular weight (MW) cut-
off 6000. The filtrates were then lyophilized. The peptide
content was measured by UV absorbance difference at 215
and 225 nm [10].

Assay for ACE Inhibitory Activity

ACE inhibitory activity was measured by our previously
described method [6]. The IC50 value was defined as the
concentration of peptide in mg protein/ml required to inhibit
50% of the ACE activity under the assayed conditions, and
was determined by regression analysis of ACE inhibition (%)
versus log (peptide concentration, mg/ml).

Purification of ACE Inhibitory Peptides

The lyophilized filtrate (0.15 g/ml) from MW cut-off 6000 ultra-
filtration membrane was loaded onto a Sephadex G-15 column
(1.8 × 60 cm) equilibrated with 20 mM sodium acetate–acetic
acid buffer solution (pH 4.0) and eluted with the same buffer
solution at a flow rate of 0.4 ml/min. The elution was moni-
tored at 220 nm. The fractions were collected from at least six
chromatographic runs and lyophilized. The ACE inhibitory
activity of each fraction peak was measured. The highest
ACE inhibitory fraction peak from Sephadex G-15 column
was dissolved in 0.1% trifluoroacetic acid (TFA) (5 mg/ml)
and further separated by reverse-phase high performance liq-
uid chromatography (RP-HPLC) with Sephasil Peptide C18
12 µm ST 4.6/250 column (4.6 × 250 mm, Amersham Phar-
macia Biotech, Sweden). The injection volume was 100 µl. The
separation was performed with a linear gradient from solvent
A (0.1% TFA in distilled water) to 100% of solvent B (60%
acetonitrile containing 0.1% TFA) over 60 min at a flow rate of
1 ml/min. The elution was monitored at 220 nm. The individ-
ual peaks were collected from at least ten separate RP-HPLC
runs, pooled and lyophilized. Each peak was determined for
the ACE inhibitory activity. The strong active peaks were fur-
ther applied onto the Sephasil Peptide C18 5 µm ST 4.6/250
column (4.6 × 250 mm, Amersham) and eluted using a linear
gradient from 10 to 80% of solvent B over 40 min.

Amino Acid Sequence Analysis and Mass
Spectrometry

The amino acid composition of purified peptide showing ACE
inhibitory activity was determined by precolumn derivatization
with O-phthalaldehyde on the automatic amino acid analyzer
(Agilent HP1100, Agilent Co., USA) after hydrolysis for
24 h in 6 N HCl at 110 °C under vacuum. The sequences
of the ACE inhibitory peptides were analyzed by matrix-
assisted laser desorption/ionization time-of-flight tandem
mass spectrometry (MALDI-TOF MS/MS). The purified peptide
was dissolved in distilled water containing 0.1% TFA. The
solution of 50% acetonitrile (containing 5 mg/ml a-cyano-4-
hydroxycinnamic acid and 0.1% TFA) was used as matrix
solution. One microliter of matrix solution was mixed with
1 µl of sample solution and 1 µl of this mixture solution
was then spotted on a stainless steel MALDI target with
192 wells (Applied Biosystems, Framingham, MA, USA). After
the mixture solution dried, the samples were then subjected
to MALDI-TOF MS/MS analysis. All the mass spectra and
tandem mass spectra were acquired using manual method
by the ABI 4700 TOF-TOF Proteomics Analyzer instrument
(Applied Biosystems). The UV Nd : YAG laser was operated
at a 200 Hz repetition rate with wavelength of 355 nm. The
accelerated voltage and detector voltage were operated at 20 kV
and 1 kV, respectively. The samples were measured in the
reflectron and positive ionization mode. Myoglobin digested
by trypsin was used to calibrate the mass instrument with
internal calibration mode. The spectra were analyzed by 4700
Explorer software (Applied Biosystems). The sequences of
these peptides were obtained by de novo Explorer and were
proved by Data Explorer with the Ion Fragmentation Calculator
function.

RESULTS AND DISCUSSION

Purification of ACE Inhibitory Peptide

Mung bean protein isolates were hydrolyzed with
Alcalase and the generated hydrolysates were subjected
to assay for ACE inhibitory activity. The unhydrolyzed
mung bean protein isolates showed no inhibitory activ-
ity on ACE. ACE inhibitory activities were generated
from the mung bean proteins after enzymatic hydroly-
sis. The hydrolysate showed the highest ACE inhibitory
percentage at 2 h incubation with the IC50 value being
0.64 mg protein/ml, and further hydrolysis resulted in
hydrolysates with decreased inhibition on ACE (data not
shown). This hydrolysate also showed antihypertensive
effect in SHR [8]. To identify the ACE inhibitory peptides
contained in the hydrolysate, which had demonstrated
ACE inhibitory activity in vitro and antihypertensive
activity in vivo, the hydrolysate was initially separated
using Sephadex G-15 gel filtration chromatography. As
shown in Figure 1, the hydrolysate was fractionated
into nine individual fractions (fraction A-I). The ACE
inhibitory activity of each fraction is shown in Table 1.
The ACE inhibitory activity was widely observed in all
fractions, suggesting that many ACE inhibitory pep-
tides with various ranges of MW were included in the
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Figure 1 Gel filtration chromatography profile of hydroly-
sates on Sephadex G-15 column (1.8 × 60 cm). Separation
was performed at a flow rate of 0.4 ml/min with 20 mM sodium
acetate–acetic acid buffer solution (pH 4.0) and collected at a
fraction volume of 2 ml.

Table 1 ACE inhibitory activity of peptide fractions obtained
on Sephadex G-15 column chromatographya

Fraction ACE inhibitory
activity (%)

Fraction ACE inhibitory
activity (%)

A 5.36 ± 0.67 F 22.80 ± 1.45
B 13.66 ± 0.53 G 46.28 ± 0.96
C 52.66 ± 1.21 H 25.34 ± 1.01
D 56.19 ± 2.36 I 8.69 ± 1.34
E 32.63 ± 1.68 — —

a The concentration of peptide fraction in the inhibition assay
was 0.5 mg/ml.

hydrolysate. However, fraction D exhibited the highest
activity, followed by fraction C. The fraction D was fur-
ther purified on a Sephasil Peptide C18 by RP-HPLC.
The fraction D was separated into 18 major different
fractions (Figure 2(a)). Among the 18 fractions, frac-
tion F7, F13 and F14 showed strong ACE inhibitory
activities with inhibition percentages higher than 50%
at a protein concentration of 100 µg/ml (Figure 2(b)).
The three active fractions were again applied into the

RP-HPLC column and eluted using a shallower ace-
tonitrile gradient. The elution profiles of fraction F7,
F13, and F14 are shown in Figure 2(c). After the sec-
ond RP-HPLC, a single pure peptide was isolated from
fraction F7 and designated as F7-1; fraction F13 was
separated into two peaks (F13-1 and F13-2), among
which peak F13-2 had the highest ACE inhibitory activ-
ity; fraction F14 was separated into three peaks (F14-1,
F14-2 and F14-3), among which peak F14-2 showed the
highest ACE inhibitory activity. Peptides F7-1, F13-2
and F14-2 were then subjected to MALDI-TOF MS anal-
ysis to detect the purity and to obtain the MWs of these
peptides.

Identification of ACE Inhibitory Peptide

MALDI-TOF MS has rapidly developed as one of the
most effective analytical tools for the determination
and characterization of biopolymers such as peptides,
proteins, oligosaccharides and nucleotides. MALDI-TOF
MS is remarkably tolerant toward contaminants such
as salts and buffers, requires sample loads in the
subpicomolar range and features a mass accuracy (and
precision) of 0.1–0.01% [11]. MALDI-TOF MS is also an
effective technique for the detection of purity of peptides
and proteins [12]. MALDI-TOF MS of the Peptides
F7-1, F13-2 and F14-2 displayed a single positively
charged ion ([M + H]+) at 694.45, 656.40 and 846.68,
respectively, which confirmed the purity of these
peptides. These precursor ions were then subjected
to TOF-TOF tandem MS analysis. Figure 3 shows the
MS/MS spectrum of the three identified ACE inhibitory
peptides. Structural information of these peptides was
summarized in Table 2. As can be seen from Figure 3(b)
and Figure 3(c), intense fragment ions were observed at
m/z 439.33 of peptide Val-Thr-Pro-Ala-Leu-Arg and at
m/z 605.44 of peptide Lys-Leu-Pro-Ala-Gly-Thr-Leu-
Phe, both correspond to the y-type ion adjacent to
the amino acid proline. This amino acid is associated
with very abundant y-type ions which are often easily
identifiable because these ions are over-presented in
the spectrum [13]. The presence of arginine at the

Table 2 Structural characterization of ACE peptides from mung bean protein hydrolysates

Fraction Amino acid composition
(relative molar ratio)

Sequence Calculated
massa

Observed
mass

IC50 (µM)

F7-1 Lys 1.00, Asp 1.03, Tyr 0.97,
Arg 0.99, Leu 1.00

Lys-Asp-Tyr-Arg-Leu 693.8 693.35 26.5

F13-2 Val 1.00, Thr 1.04, Pro 1.03,
Ala 0.96, Leu 1.00, Arg 0.98

Val-Thr-Pro-Ala-Leu-Arg 655.8 655.40 82.4

F14-2 Lys 0.98, Leu 2.12, Pro 0.97,
Ala1.00, Gly 1.04, Thr 1.05,
Phe1.16

Lys-Leu-Pro-Ala-Gly-Thr-Leu-Phe 846.0 845.68 13.4

a Monoisotopic mass values.
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Figure 2 (a) RP-HPLC chromatogram of fraction D from Sephadex G-15; (b) ACE inhibitory activity of peptide fractions from
RP-HPLC of fraction D; (c) RP-HPLC chromatograms of fractions of F7, F13 and F14 from the first RP-HPLC.

C-terminal of peptide Val-Thr-Pro-Ala-Leu-Arg favored
the appearance of y-type fragment ions (Figure 3(b)).
In the case of peptide Lys-Leu-Pro-Ala-Gly-Thr-Leu-
Phe, however, the fragment ion at m/z 605.44 that
corresponds to the y6-ion is the most noticeable ion in
the spectrum (Figure 3(c)). This fragment was produced
by cleavage at Leu-Pro bond and it had been previously
found that abundant Xxx-Pro relative bond cleavage
ratios were observed when Xxx was Val, His, Asp,
Ile and Leu [14]. Internal fragment ions PAL at m/z
282.21 of peptide Val-Thr-Pro-Ala-Leu-Arg and PAGT
at 327.21 of peptide Lys-Leu-Pro-Ala-Gly-Thr-Leu-Phe

were also abundant, corresponding to peptides with
proline close to the N- or C-terminus. Figure 3(a) shows
the MS/MS spectrum of the singly charged precursor
ion at m/z 694.35 corresponding to peptide Lys-Asp-
Tyr-Arg-Leu. This fragmentation spectrum contained
a major ion at 451.34, which was identified as a
y-type fragment ion resulting from the cleavage C-
terminal to aspartic acid. This unusual fragmentation
pattern had also been previously shown by other
authors, who found that peptide ions containing
arginine and aspartic or glutamic acid residues result
in selective cleavages C-terminal to the acidic residues
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Figure 3 MS/MS spectrum of ion (a) m/z 694.35; (b) m/z 656.40; (c) m/z 846.68.

[15,16]. In all cases, some characteristic ions that
correspond to decarboxyled- or deamidoed-amino acids
were also observed in the MS/MS spectrum. These
ions are characterized as m/z = MW of amino acid-
45 or MW-17, which contributes to the confirmation
of amino acid composition of identified peptides. The
assignment of the y- and b-type fragment ions, together
with fragment ions corresponding to losses of water and
ammonium from the precursor ions or their fragments,
and results of amino acid composition analysis of

peptides allowed unambiguous identification of these
three ACE inhibitory peptides. To the best of our
knowledge, the three ACE inhibitory peptides derived
from mung bean protein in this study has not been
described before in any other source of protein.

Structure-activity correlations among different pep-
tide inhibitors of ACE indicate that competitive bind-
ing to ACE is strongly influenced by the C-terminal
tripeptide sequence of the inhibitors. ACE appears to
prefer substrate or competitive inhibitors containing
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hydrophobic (aromatic or branched-side chains) amino
acid residues at each of the three C-terminal positions.
Among the most favorable C-terminal amino acids are
aromatic amino acids, as well as the imino acids pro-
line, because ACE binds only weak peptides that have
terminal dicarboxylic amino acids, aliphatic (Ile, Ala,
Leu, and Met) residues in the ultimate position also con-
tribute to binding to ACE [17]. Among the identified pep-
tides, Lys-Asp-Tyr-Arg-Leu contained Leu as C-terminal
amino acid, although Lys-Leu-Pro-Ala-Gly-Thr-Leu-Phe
had the amino acid Phe as C-terminal amino acid.
Meanwhile, peptide Lys-Leu-Pro-Ala-Gly-Thr-Leu-Phe
shares the C-terminal dipeptide with α-lactalbumin-
derived Tyr-Gly-Leu-Phe and β-lactoglobulin-derived
Tyr-Leu-Leu-Phe, both were found to have in vitro ACE
inhibitory activity [18] and antihypertensive activity in
SHR [19]. Structure-activity data also suggest that the
positive charge on the guanidine or ε-amino group of C-
terminal arginine and lysine side chains, respectively,
contribute substantially to the ACE inhibitory potency
of several peptides [20]. Rohrbach et al. [21] showed
by using N-blocked synthetic peptides that in terms of
binding specificity to ACE, Pro as C-terminal amino acid
and a positively charged amino acid in the penultimate
position had a positive influence for peptide-enzyme
binding. In this study, peptide Val-Thr-Pro-Ala-Leu-Arg
possessed C-terminal arginine, which may contribute
to the inhibitory activity of this peptide. Meanwhile,
this peptide contained a high proportion of hydropho-
bic amino acids at N-terminal, which may contribute
to the binding affinity of the peptide to ACE. With
respect to peptide Lys-Asp-Tyr-Arg-Leu, this peptide
contained arginine in the penultimate position, which
was in agreement with Rohrbach et al. [21].

CONCLUSION

Three kinds of novel ACE inhibitory peptides were
isolated from the Alcalase hydrolysate of mung bean
protein isolates and their amino acid sequences were
identified to be Lys-Asp-Tyr-Arg-Leu, Val-Thr-Pro-Ala-
Leu-Arg and Lys-Leu-Pro-Ala-Gly-Thr-Leu-Phe. Mung
bean protein is a good protein source of ACE inhibitory
peptides when hydrolyzed with the protease Alcalase.
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