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A B S T R A C T

To potentiate activities of angiotensin-I converting enzyme (ACE) inhibitory peptides VK,

YA, KY and TAY from oyster hydrolysate, four novel tripeptides VKW, YAW, KYW and TAW

were designed by modification with Trp at the C-terminus. The tripeptides were synthe-

sized, and their 50% ACE inhibitory concentrations (IC50) were measured to be 0.020, 0.49,

0.43 and 0.63 µM, respectively. Their activities increased 27–1450 times compared to their

corresponding original peptides. All peptides did not show toxicity on the Chang cell. Mo-

lecular docking and molecular dynamics simulation showed that modification with Trp can

enhance the stability of ACE/derived peptide complexes by increasing binding affinity and

interaction sites with important amino acid residues. Interactions between peptides with

amino acid residues of ACE GLN281, ALA354, GLU411, PHE457 and LYS511 played an impor-

tant role in activity improvement of derived peptides. Modification with Trp at the C-terminus

was an effective way for designing novel ACE inhibitory peptides.

© 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Angiotensin-I converting enzyme (ACE, EC 3.4.15.1) is a key
therapeutic target for combating hypertension and related car-
diovascular diseases (Zhou, Du, Ji, & Feng, 2012). For this reason,
ACE inhibitors become one of the most important therapeutic

agents available for the treatment of hypertension, heart failure,
myocardial infraction, and diabetic nephropathy (Acharya,
Sturrock, Riordan, & Ehlers, 2003; Natesh, Schwager, Evans,
Sturrock, & Acharya, 2004). Bioactive peptides derived from food
protein are increasingly becoming important as starting points
for the development of functional ingredients and drug-
related compounds. Among various bioactive peptides, ACE
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inhibitory peptides have been studied extensively and a large
number of ACE inhibitory peptides have been purified and iden-
tified from various food sources such as cereals (De Leo,
Panarese, Gallerani, & Ceci, 2009; Shamloo, Eck, & Beta, 2015),
egg (Majumder et al., 2015), milk (Zhou et al., 2012), casein
(Holder et al., 2013; Yamada et al., 2013), porcine muscle
(Castellano, Aristoy, Sentandreu, & Vignolo, 2013) and marine
source such as oyster and lizard fish (Wu, Feng, Lan, Xu, & Liao,
2015; Xie, Kim, Ha, Choung, & Choi, 2014).

To analyze and interpret the action mechanism of novel ACE
inhibitory peptides, in silico approaches will be a strategy taking
into account the large amount of theoretical possible pep-
tides, i.e., 400 dipeptides, 8000 tripeptides, 160 000 tetrapeptides,
etc. Quantitative structure–activity relationship (QSAR) models
have been applied to study the relationships between struc-
tures and ACE inhibitory activities of peptides (Wu, Aluko, &
Nakai, 2006a, 2006b). Wu et al. (2006b) reported that the
C-terminal residue of ACE inhibitory peptides plays a predomi-
nated role in competitive binding to the active site of ACE. The
most favorable residues for tripeptide at the C-terminus are
aromatic or hydrophobic amino acids (Wu et al., 2006a). Proline
is well documented as the most favorable amino acid at the
C-terminus and most commercially existing inhibitors bear this
residue (Wu et al., 2006a). However, there are few studies about
the effect of hydrophobic amino acid Trp at the C-terminus on
the ACE inhibitory activity although it has been reported that
ACE inhibitory peptides with Trp at the C-terminus show high
ACE inhibitory activities (Seki, Osajima, Matsufuji, Matsui, &
Osajima, 1995; Wu et al., 2006a; Yamada, Matoba, Usui, Onishi,
& Yoshikawa, 2002). The crystal structure of the human ACE
and inhibitor complex has been elucidated (Natesh, Schwager,
Sturrock, & Acharya, 2003), which provides a platform for the
action mechanism analysis of ACE inhibitory peptides by mo-
lecular docking and molecular dynamics (MD) simulation. It
has been reported that the combination of fast molecular
docking with accurate but time-consuming MD techniques has
been successfully applied in the discovery of new potential in-
hibitors and study on interaction mechanism between inhibitory
peptides and ACE in molecular level (Alonso, Bliznyuk, & Gready,
2006; Zhou et al., 2012).

In our previous studies, four ACE inhibitory peptides TAY,
VK, KY and YA have been purified and identified from oyster
hydrolysate (Xie et al., 2014). Moreover, tripeptides are ab-
sorbed easily compared with the long peptides (Wu et al., 2006b).
Four novel tripeptides VKW, KYW, YAW and TAW were de-
signed by modification with Trp at the C-terminus of peptides.

The objectives of this study were to synthesize the four novel
ACE inhibitory tripeptides VKW, KYW, YAW and TAW, to de-
termine their ACE inhibitory activity and cell toxicities, and to
investigate the action mechanism between tripeptides and ACE
in molecular level by molecule docking and MD simulation.

2. Materials and methods

2.1. Materials

ACE (5 units from rabbit lung), hippuryl-histidyl-leucine (HHL)
and captopril were purchased from Sigma-Aldrich Co. (St. Louis,
MO, USA). Normal human hepatocyte Chang cell line (ATCC

CCL-13) was obtained from the Korean Cell Line Bank (KCLB,
Seoul, Korea). Fetal bovine serum (FBS), modified Eagle’s medium
(MEM), trypsin–ethylenediaminetetraacetic acid (EDTA),
phosphated-buffered saline–EDTA, penicillin and streptomycin
were purchased from GIOCO BRL (Grand Island, NY, USA). Eight
peptides (VK, VKW, TAY, TAW, YA, YAW, KY and KYW) were syn-
thesized by the standard Fmoc-based solid-phase method at
GL Biochem Ltd. (Shanghai, China). The purities of the pep-
tides were estimated on Agilent 1200 HPLC system with a UV
detector (Agilent Technologies, Waldbronn, Germany) and MS
data were collected with a Shimadzu LCMS-2010 mass spec-
trometry (MS) (Shimadzu Co., Kyoto, Japan) (Appendix S1).
Acetonitrile was of high performance liquid chromatography
(HPLC) grade. Other products were used as reagent grade. A
Watchers 120 ODS-AP (5 µm, 4.6 × 250 mm) C18 column was
purchased from Daiso Co. (Tokyo, Japan).

2.2. The property of the peptides

The 3D geometrical structures of peptides were prepared and
their LogP values, which are the Log of the (1-octanol/water)
partition coefficient, were calculated using Hyperchem 8.0 soft-
ware (Hypercube, Gainesville, FL, USA).

2.3. ACE inhibitory activity assay

ACE inhibitory activity was measured according to the method
of Wu, Aluko, and Muir (2002) with slight modifications. Sample
peptide (20 µL) was mixed with 225 µL of ACE solution
(0.25 units/mL) and pre-incubated at 37 °C for 10 min before
adding 50 µL of HHL (2.5 mg/mL of 0.1 M borate buffer, pH 8.3
containing 0.3 M NaCl). The mixture was incubated for 30 min
at 37 °C. The reaction was stopped by adding 75 µL of 1 M HCl,
and the mixture was centrifuged at 10 000 rpm (Micro 17TR,
Hanil Sci. Industry Co., Inchun, Korea). The supernatant con-
taining hippuric acid (HA) was determined by RP HPLC
(Shimadzu Systems, Kyoto, Japan) on Watchers C18 (5 µm,
4.6 × 250 mm). The IC50 value was calculated as the inhibitor
concentration required to inhibit 50% of ACE activity. The
percent inhibition of enzyme activity was calculated as follows:

Inhibitionactivity HA HA HAcontrol sample control%( ) = −( ) × 100

2.4. Cell toxicity of the peptides

Chang cells were cultured in MEM medium containing 10% fetal
bovine serum. Ninety-six well plates containing 1 × 104 cells
per well were incubated at 37 °C under 95% humidity and 5%
CO2. Twenty-four hours later, the medium was replaced with
the medium containing the peptides at the final concentra-
tions of 1, 5, 10, and 20 µg/mL and incubated under the same
conditions for an additional 24 h. Cell growth was assessed with
the CellTiter 96 Aqueous One Solution Cell Proliferation Assay
kit (Promega, Madison, WI, USA) and absorbance was mea-
sured at 490 nm with a microplate reader (Perkin Elmer 1420,
VICTOR X Multilabel Plate readers, Waltham, MA, USA). Cell vi-
ability was calculated by comparing with the absorbance of the
untreated group.
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2.5. Molecular docking

The crystal structure of the human testicular ACE/lisinopril
complex was selected as working targets, which was obtained
from the Protein Data Bank (PDB: 1O86) (http://www.rcsb.org).
The PDB file was visualized and processed using Sybyl soft-
ware package (Tripos International, St. Louis, MO, USA) by
removing all substrates, chloride ions and water molecular.Then
the protein structure was pre-analyzed and prepared for the
docking runs using the biopolymer structure preparation tool
with default settings as implemented in the Sybyl program
package. The 3D structures of peptides were prepared and
energy minimization was performed with the Tripos force field
using the Powell conjugate gradient optimization algorithm with
a convergence criterion of 0.05 kcal/mol. The Surflex-Dock
program was selected for docking studies. During the docking
process, the ligand (lisinopril) from the ACE–lisinopril complex
was used as a reference molecule and the top 20 conforma-
tions were generated and ranked the conformations for each
peptide based on Total Scores of Surflex-Dock and the other
three kinds of docking score D_Score, G_score and Chemscore
were calculated together. The conformations of ranked No. 1
for each peptide were selected and the interaction model
between the ACE residues and peptides was analyzed by Dis-
covery Studio (Version 3.5, Accelrys, San Diego, CA, USA).

2.6. MD simulation

In order to improve interactions and enhance complementar-
ity between ACE and peptides, the ACE/peptide complexes
obtained by molecular docking were refined by a 10 ns MD
simulation. MD simulations were performed with the Gromacs
4.5.3 package using AMBER03 force field on a high perfor-
mance Linux cluster computer (Lindahl, Hess, & van der Spoel,
2001). Topology files of the inhibitors were generated using
ACPYPE (AnteChamber Python Parser interface) (Silva &
Vranken, 2012). The structure was solvated in a dodecahe-
dron box with a length of 1 nm and the TIP3P water model was
generated to perform the simulations in an aqueous environ-
ment (Berendsen, Postma, van Gunsteren, & Hermans, 1981;
Jorgensen, Chandrasekhar, Madura, Impey, & Klein, 1983). Ten
Na+ counter ions were added by replacing water molecules to
ensure the overall charge neutrality of the simulated system.
The systems were subjected to a step by step descent energy
minimization process until a tolerance of 1000 kJ/mol to avoid
high energy interactions and steric clashes. The energy mini-
mized system was treated for 100 ps in an equilibration run.
A constant temperature and pressure of 300 K and 1 bar were
achieved with the V-rescale thermostat and Parrinello–Rahman
barostat (Bussi, Donadio, & Parrinello, 2007; Parrinello &
Rahman, 1981). The particle mesh Ewald (PME) method was
applied to accurately determine the long-range electrostatic
interactions (Essmann et al., 1995) with an interpolation order
of 6 and a grid spacing of 0.12 nm. The cutoff for van der Waals
interactions was 1.2 nm, and hydrogen bonding interactions
were monitored using 0.35 nm as the donor–acceptor dis-
tance cutoff and 60° as the hydrogen-donor–acceptor angle
cutoff (Zhou et al., 2012). Bonds between heavy metals and cor-
responding hydrogen atoms were constrained to their
equilibrium bond lengths using the LINCS21 algorithm (Hess,

Bekker, Berendsen, & Fraaije, 1997). The time step for the simu-
lations was set to 2 fs. During the production phase, the
coordinate data were written to the file every ps.

2.7. Statistical analysis

Data were expressed as the mean with standard deviation of
triplicate determinations. Analysis of variance was carried out
by the Tukey HSD test using the JMP 10 package (SAS Insti-
tute, Cary, NC, USA).

3. Results and discussion

3.1. The properties of the peptides

The derived peptides were synthesized by solid-phase syn-
thesis method. Solid-phase peptide synthesis can be fulfilled
by commercial automated instruments and is widely used in
the field of peptide synthesis (Fields, Lauer-Fields, Liu, & Barany,
2002).The purities of all synthesized peptides were higher than
95% by an HPLC analysis and these peptides were confirmed
by comparing the molecular weight from the calculated values
and the measured values (Table 1). The LogP of the derived
tripeptides increased to the different extents compared with
their corresponding original peptides (Table 1). LogP is the most
frequently used physicochemical property to predict cellular
permeability, and an increase in LogP reflects an increase in
lipophilicity and often corresponds to an increase in cell per-
meability and bioavailability in vivo (Kulkarni, Han, & Hopfinger,
2002).

3.2. ACE inhibitory activity

The IC50 values of ACE inhibitory activities of the four derived
tripeptides VKW, YAW, KYW and TAW were 0.020, 0.49, 0.43 and
0.63 µM, respectively, and their activities increased 27–1450 times
compared to their corresponding original peptides (Table 1).
Especially, the ACE inhibitory activity of VKW was higher 1450
times than that of VK.VKW was about 1/180 potency of captopril
(IC50 = 0.11 nM) and comparable with potency of the venom

Table 1 – Physicochemical properties and ACE inhibitory
activity of peptides.

Peptides Purity
(%)

Molecular mass
(Da)

LogP IC50

(µM)
Relative
activity

Calculated [M + H]+*

VK 95.92 245.32 246.30 −0.43 29 1
VKW 95.67 431.53 432.15 0.49 0.020 1450
YA 99.74 252.27 253.20 0.33 94 1
YAW 95.95 438.48 438.96 1.25 0.49 192
KY 95.86 309.37 310.08 0.10 52 1
KYW 98.44 495.57 496.15 1.02 0.43 121
TAY 99.62 353.38 354.25 −0.58 17 1
TAW 95.98 376.41 376.72 −0.52 0.63 27

* Measured values by mass spectrometer; LogP, Log of the
(1-octanol/water) partition coefficient calculated by Hyperchem 8.0
software.
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peptide (Cushman, Cheung, Sabo, & Ondetti, 1977). The four
novel tripeptides especially VKW have a potential to be applied
as drug lead compounds or functional ingredients.

3.3. In vitro cell toxicity

Cell toxicity of the peptides was confirmed by the Chang cell
line.The cell viability ranged from 92.4 ± 6.6 to 117.3 ± 9.2% after
treatment with the synthetic peptides and no adverse effects
were observed compared with untreated group (p < 0.05,
Supplementary Table S1). The results were accorded with the
effect of ACE inhibitory peptides on HepG2 cell line in our pre-
vious study (Xie et al., 2014).

3.4. Molecular docking

Molecular docking has become a major computational method,
which can predict ligand–acceptor interaction and rank com-
pounds by estimating the binding affinities of the compound
and receptor complexes (Kellenberger, Rodrigo, Muller, &
Rognan, 2004). In order to study the interaction mechanism
between peptides and ACE, all peptides were docked into the
active sites of ACE by Surflex-Dock module in Sybyl. It has been
reported that Surflex-Dock can accurately discriminate known
inhibitor of an enzyme (thymidine kinase) from randomly
chosen molecules and successfully rank known inhibitors in
a virtual screening experiment (Kellenberger et al., 2004).
Because unique scoring was difficult to generate reliable results,
four different docking scores Total Score, D_Score, G_Score and
Chemscore in Sybyl were used to estimate the binding affin-
ity of the ACE/peptide complexes in the study (Table 2). The
four algorithms of docking score are different, among which
D_Score and G_Score are based on force field that compute the
enthalpy gain or loss upon binding, while Total Score and
Chemscore use empirical terms to estimate free energy (Xing,
Hodgkin, Liu, & Sedlock, 2004). The absolute values of four
docking scores increased for VKW (Total Score, +0.5; D_Score,
+60.4; G_Score, +93.6 and Chemscore, +11.0) and YAW (Total
Score, +4.7; D_Score, +50.7; G_Score, +64.9 and Chemscore, +14.8)
compared with that of VK and YA. While the absolute values
of Total Score among four docking scores decreased slightly
for KYW (−0.1) and TAW (−0.7) compared with that of KY and
TAY, which can explain why the increasing degree of ACE in-
hibitory activity of KY and TAY was smaller than that of VK
and YA after modified by Trp (Table 1). As a whole, the binding

affinities of ACE/peptide complexes increased after modifica-
tion with Trp, which were accorded with the experimental
results (Table 1).

3.5. MD simulation

Molecular docking lacks flexibility of the protein and does not
permit to adjust its conformation for ligand binding, while MD
simulation can treat both ligand and protein in a flexible way
for an induced fit of the receptor-binding site around the newly
introduced ligand, by which acceptor–ligand structure after mo-
lecular docking can be refined by MD simulation (Alonso et al.,
2006). The conformation changes of ACE/peptide complexes
during the MD simulation can be checked by analyzing the
backbone root mean square deviations (RMSD). Typically, the
backbone RMSD changes of ACE/VK and ACE/VKW complex
were analyzed. Both ACE/VK and ACE/VKW complexes were
equilibrated well after 5 ns of simulation, while the back-
bone RMSD change of ACE/VKW complex was less than that
of ACE/VK complex (Supplementary Fig. S1), which suggested
that the structure of ACE/VKW complex was more stable than
that of ACE/VK complex.

Non-covalent interactions play an important role in
biomacromolecules, not only maintaining the three dimen-
sional structure of large molecules but also are responsible for
the molecular recognition process (Cerny & Hobza, 2007). The
interactions between peptides and ACE can be evaluated by in-
teraction potential energies, which can be calculated according
to the MD results (Lindahl et al., 2001). In Gromacs, the non-
covalent interaction potential energy was evaluated by Coulomb
potential energy and Lennard–Jones (LJ) potential energy. In the
study, the total non-covalent interaction potential energy
between ACE and peptides (Etotal) was divided into three parts:
Coulomb potential energy between ACE (exclude Zn) and
peptide (Ecoul) as electrostatic interaction, LJ potential energy
between ACE (exclude Zn) and peptide (ELJ) as van der Waals
force, and Coulomb potential energy between Zn and peptide
(EZn) as metal interaction. The interaction potential energies
between ACE and peptides were expressed as the average value
over the last 5 ns simulation (Table 3). Etotal of ACE/derived
peptide complexes decreased compared with those of ACE/
original peptide complexes, which showed that the stability
of the ACE/peptide complexes can be strengthened by modi-
fication with Trp. But each part of total potential energy changes
before and after being modified with Trp depended on the

Table 2 – Docking scores from molecular docking of peptides into ACE.

Score Lisinopril VK VKW YA YAW KY KYW TAY TAW

Total Score 11.9 11.0 11.5 7.5 12.2 10.8 10.7 10.3 9.6
*ΔTotal Score 0.5 4.7 −0.1 −0.7
D_Score −158.4 −98.4 −158.8 −79.9 −130.6 −106.5 −178.0 −121.0 −129.4
*ΔD_score 60.4 50.7 71.5 8.4
G_Score −241.6 −155.0 −248.6 −175.1 −240.0 −203.0 −306.5 −202.2 −245.3
*ΔG_Score 93.6 64.9 103.5 43.1
Chemscore −37.8 −16.9 −27.9 −9.4 −24.2 −22.3 −26.9 −25.4 −29.1
*ΔChemscore 11.0 14.8 4.6 3.7

* Δ the difference between absolute value of docking scores of derived peptides and original peptides; Total Score, D_score, G_score and Chemscore
are calculated by different algorithms in Sybyl.
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original peptide structure. For ACE/VK and ACE/VKW com-
plexes, both Ecoul and ELJ decreased, but EZn increased after VK
was modified into VKW. For ACE/TAY and ACE/TAW complex,
ELJ and EZn decreased, but Ecoul increased after TAY was modi-
fied into TAW (Table 3).These results indicated that the stability
of ACE/peptide complexes can be strengthened by modifica-
tion with Trp at the C-terminus, but the mechanisms were
different depending on the original peptide structures. It has
been reported that Trp residues in different peptides show dif-
ferent conformations and different interaction models in the
ACE/inhibitor complexes (Watermeyer, Kroger, O’Neill, Sewell,
& Sturrock, 2010).

The interaction models of ACE/peptide complexes were ana-
lyzed by Discovery Studio. To investigate the changes of ACE/
peptide complexes before and after MD simulation, the
interaction model of ACE/VK and ACE/VKW complexes before
and after MD was analyzed in detail (Figs 1 and 2). The amino

Table 3 – Average interaction potential energies between
ACE and peptides over the last 5 ns simulation.

Complex Ecoul

(kJ/mol)a
ELJ

(kJ/mol)b
EZn

(kJ/mol)c
Etotal

(kJ/mol)d

ACE/VK 5.15 −69.29 −387.45 −451.58
ACE/VKW −165.74 −162.82 −184.52 −513.08
ACE/YA −38.83 −77.65 −129.84 −246.31
ACE/YAW −35.61 −183.78 −196.70 −416.08
ACE/KY −113.05 −83.95 −255.25 −452.25
ACE/KYW −73.58 −178.53 −218.62 −470.73
ACE/TAY −104.90 −138.35 −6.04 −249.28
ACE/TAW 39.54 −154.27 −372.59 −487.32

a Coulomb potential energy between ACE (exclude Zn) and inhibitors.
b Lennard–Jones potential energy between ACE (exclude Zn) and

inhibitors.
c Coulomb potential energy between Zn and inhibitors.
d The total non-covalent interaction energy E = Ecoul + ELJ + EZn.

Fig. 1 – The interaction models of angiotensin-I converting enzyme (ACE)/VK complex before (a) and after (b) molecular
dynamics simulation generated by Discovery Studio. Number before amino acid, the order number of amino acid residues
of ACE enzyme; ball, amino acid residues of ACE enzyme; gray line, the atoms of the peptide; orange line, pi interaction;
green and blue dashed line, hydrogen bond; number on the dashed line, the bond length of the hydrogen bond. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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acid residues of ACE involved in the interaction with VK were
almost unchanged before and after MD simulation, but the in-
teraction ways changed. Electrostatic interactions between
ALA356 and HIS383 with VK were changed into van der Waals
interactions, while van der Waals interactions between HIS353,
HIS387, GLU411 and ARG522 with VK were changed into elec-
trostatic interactions after MD simulation (Fig. 1a and b). For
ACE/VKW complex, the numbers of amino acid residue in-
volving in van der Waals interaction were obviously reduced
after MD simulation (Fig. 2a and b). Moreover, the relative po-
sition of Zn and VKW was greatly changed after the MD
simulation, which could lead to the change of metal interac-
tion between VKW and ACE. MD simulation can get more
accurate interaction models between peptides and ACE by a
flexible way compared with molecular docking.

Interaction models of eight ACE/peptide complexes after MD
simulation were analyzed and the frequency of amino acid resi-
dues of ACE involved in the interaction with all peptides (four
derived peptides and four original peptides) were counted,

respectively, to identify the important interaction sites (Fig. 3).
The amino acid residues with frequency no less than four were
GLN281, ALA354, SER355, GLU376, VAL380, HIS383, GLU411,
LYS511, HIS513, ARG522, TYR520 and TYR523, among which
GLN281, ALA354, SER355, LYS511, HIS513, TYR520 and TYR523
play an important role for the ACE activity based on the crystal
structure of ACE/lisinopril complex (Natesh et al., 2003, 2004).
By comparative analysis of the frequencies of amino acid
residue involved in the interaction with the original and derived
peptides, the frequencies of GLN281, ALA354, GLU411, PHE457
and LYS511 interacted with the derived peptide were higher
than with the original peptide, which showed that interac-
tions between these amino acid residues and peptides played
an important role in activity improvement of derived peptides.

To further elucidate the action mechanisms of ACE/derived
peptide complexes, the interaction model of ACE/VK and ACE/
VKW complexes after MD simulation as well as ACE/lisinopril
complex (PDB: 1O86) was analyzed in detail (Supplementary
Table S2). The number of the amino acid residues involved in

Fig. 2 – The interaction models of angiotensin-I converting enzyme (ACE)/VKW complex before (a) and after (b) molecular
dynamics simulation generated by Discovery Studio. Number before amino acid, the order number of amino acid residues
of ACE enzyme; ball, amino acid residues of ACE enzyme; gray line, the atoms of the peptide; orange line, pi interaction;
green and blue dashed line, hydrogen bond; number on the dashed line, the bond length of the hydrogen bond. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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the electrostatic interaction with VKW increased greatly com-
pared to that withVK, including GLU162, GLN281, HIS383, LYS511,
HIS513, TYR520 and ARG522, most of which were involved in
the interaction with lisinopril. The number of the amino acid
residues involved in the interaction did not change for van der
Waals and reduced for hydrogen bond and pi–pi interaction.
The electrostatic interactions between ACE and VKW played a
more important role in keeping the stability of ACE/VKW com-
plexes than the other interactions.The increase of ACE inhibitory
activity of VKW compared with VK was mainly attributed to
the increase of electrostatic interactions between ACE and VKW.

4. Conclusion

The ACE inhibitory activities of four novel derived tripeptides
VKW, YAW, KYW and TAW by modification with Trp at the
C-terminus were far higher than that of the corresponding origi-
nal peptides, and did not show toxicity for the Chang cell line.
The activity improvement of derived peptides was attributed
to the increase of structure stability of ACE/derived peptide com-
plexes by increasing binding affinity and interaction sites with
important amino acid residues between ACE and derived pep-
tides. Modification with Trp at the C-terminus was an effective
way for designing novel ACE inhibitory peptides.The four novel
derived peptides, especially VKW, had a potential use as func-
tional ingredients and drug lead compounds.
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