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Abstract Fish skin, one type of wastes generated from Nile
tilapia processing, is still a good source of collagen and
gelatin. Bioactive peptides can be obtained from Nile tila-
pia skin gelatin by trypsin digestion. Trypsin hydrolysate
was subsequently purified by gel filtration chromatogra-
phy. Trypsin A fraction showed the greatest reducing pow-
er (5.138 + 1.060 uM trolox/mg peptide) among all hy-
drolysate fractions, while trypsin B fraction from gel fil-
tration column was found to exhibit the best radical scav-
enging and angiotensin-I-converting enzyme (ACE) inhibito-
ry activities 8.16 = 2.18 pg trolox/mg peptide and
59.32 +9.97 % inhibition, respectively. The most active frac-
tion was subjected to MALDI-TOF/TOF MS/MS. After an-
notation by Mascot sequence matching software (Matrix
Science) with Ludwig NR Database, two peptide se-
quences were identified; GPEGPAGAR (MW 810.87 Da)
and GETGPAGPAGAAGPAGPR (MW 1490.61 Da). The

Research highlights

¢ The research makes use of the fish skin waste with biotechnological
knowledge.

* Peptides from Trypsin-digested gelatin are purified and sequenced.

* In silico ACE binding ability of the peptides was in agreement with
in vitro ACE inhibitory assay.

* Two peptides were potential candidates for natural antihypertensive and
antioxidant agents.

P4 Hataichanoke Niamsup
hataichanoke.n@cmu.ac.th

Department of Chemistry, Faculty of Science, Chiang Mai
University, Chiang Mai 50200, Thailand

Department of Animal and Aquatic Sciences, Faculty of Agriculture,
Chiang Mai University, Chiang Mai 50200, Thailand

Faculty of Public Health, Nation University, Lampang 52000,
Thailand

@ Springer

docking analysis suggested that the shape of the shorter pep-
tide may be slightly more proper, to fit into the binding cleft of
the ACE. However, the binding affinities calculated from the
docking showed no significant difference between the two
peptides. In good agreement with the in silico data, results
from the in vitro ACE inhibitory activity with synthetic pep-
tides also showed no significant difference. Both peptides are
thus interesting novel candidates suitable for further devel-
opment as ACE inhibitory and antioxidant agents from the
natural source.

Keywords Bioactive peptide - ACE inhibition - Nile tilapia -
Angiotensin-I converting enzyme - Gelatin

Introduction

Peptides that are partially and enzymatically hydrolyzed from
food proteins are important in food science studies (Chalé
et al. 2014). Food proteins not only provide amino acids for
the growth and health maintenance of humans, they also serve
as a precursor for physiologically active peptides. Many
health promoting peptides have also been identified from food
protein hydrolysates. These bioactive peptides are generally
short peptides (2—20 amino acids) and their native proteins
often have no functional activity. Upon certain proteolysis,
their specific bioactive roles can be achieved and exert
beneficial effects at target sites in the body after absorp-
tion (Chi et al. 2015; De Gobba et al. 2014). Many dif-
ferent parameters, such as the source of protein, degree of
hydrolysis, peptide structure, amino acid composition, molec-
ular weight (MW), and type of protease used, can affect the
bioactivity of these peptides (Li et al. 2013; Memarpoor-Yazdi
et al. 2013). The relationship between the peptide MW and
their biological activities has been reported in several studies
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(Vandanjon et al. 2009). Low MW fractions (<3000 Da) have
been found as the most interesting bioactive peptides for nu-
tritional and pharmaceutical applications (Saidi et al. 2014).

Nile tilapia, Oreochromis niloticus, is popular in freshwater
aquaculture. In the global market, the demand for tilapia in all
forms is increasing rapidly (Fitzsimmons 2004). More by-
products have been produced from the expansion of the tilapia
processing industry. More than 60 % of these by-products,
including skin, head, fins and bones, are considered as waste
(Dekkers et al. 2011). However, a significant amount of pro-
tein still remains in these by-products. Fish skin, in particular,
is a rich source of collagen and gelatin (Hsu 2010).

To acquire gelatin, collagen must be heated to at least 45 °C
to convert it into gelatin (Gomez-Guillén et al. 2011).
Enzymatic hydrolysis of gelatin is a method of choice that
produces bioactive peptides without using organic solvents
or toxic chemicals (Vercruysse et al. 2005). For most peptide
bioactivities, including their inhibitory effect against
angiotensin-I-converting enzyme (ACE) and their antioxidant,
immunomodulatory and antimicrobial activities, the amino
acids composition and structure of peptide are critical factors
(Raghavan and Kristinsson 2009; Zhang et al. 2008).

Hypertension or high blood pressure, which is a serious
condition of cardiovascular disease, is associated with myo-
cardial infarction, coronary heart disease, stroke, kidney fail-
ure, heart failure and vascular dementia (Sharp et al. 2011).
The renin-angiotensin system (RAS) is a vital system that
controls blood pressure. In this system, the main regulators
are renin and ACE (Fernandez-Musoles et al. 2013). Many
enzymatic hydrolysates of various marine by-products have
been studied for their anti-hypertensive activity, such as Hoki
skin (Mendis et al. 2005), squid skin (Aleman et al. 2011a)
and Pacific cod skin (Himaya et al. 2012).

This research focused on purification and identification of
bioactive peptide fractions having the greatest antioxidant and
anti-hypertensive activities prepared by trypsin hydrolysis of
Nile tilapia skin gelatin.

Materials and methods
Materials

Lyophilized Nile tilapia gelatin was obtained according to
previous research (Choonpicharmn et al. 2015). Chemicals
6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid
(Trolox; 238813), trypsin (T8003), ACE from rabbit lung
(A6778), hippuryl-histidyl-leucine (HHL; 859052), Sephadex®
G-50 (G50150) and SP Sephadex® (SPC25120) were pur-
chased from Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA). Peptides were synthesized by China Peptides Co Ltd.
(Shanghai, China). All other reagents used were of standard
laboratory grade.

Gelatin hydrolysate production

Freeze-dried gelatin was dissolved in 0.1 M sodium phosphate
buffer and hydrolyzed with trypsin (pH 8.0, 37 °C) for 4 h
with continuous shaking (Aleman et al. 2011b). The ratio for
enzyme:substrate was 1:100 (w/w) (One microgram of trypsin
contains 12.238 N-Alpha-Benzoyl-L-Arginine ethyl ester
(BAEE) unit using BAEE as a substrate, as described by the
supplier). These mixtures were boiled for 10 min to deactivate
the enzyme and subsequently centrifuged at 4000 x g for
15 min. This supernatant was collected to lyophilize and kept
at 4 °C until used.

Purification of bioactive peptide from Nile tilapia skin
gelatin hydrolysate

Hydrolyzed tilapia skin gelatin was purified by gel filtration
chromatography and ion exchange chromatography with
slight modification of Zhang et al. (2012). Briefly, the
lyophilized gelatin hydrolysate was dissolved in DI water
and loaded onto Sephadex® G-50 column (2.0 cm % 60 cm).
The eluent was DI water with a flow rate of 1 mL/min.
Two mL of eluate was collected per tube and monitered at
280 nm using a UV/VIS spectrophotometer (Genesys 20,
Thermo Fischer Scientific, Waltham, Massachusetts,
United States). The collecting tubes that had high absor-
bance were pooled and lyophilized. Each fraction was
tested for antioxidant and ACE inhibitory activities. The
highest antioxidant and ACE inhibitory activity fractions
were further purified by ion exchange chromatography.
The freeze-dried fraction of each hydrolysate was dis-
solved in 20 mM sodium acetate buffer (pH 4.0) and
applied to SP sephadex® C-25 column (2.0 cm X 30 cm).
The peptide was eluted with 20 mM sodium acetate buffer
at 0.6 mL/min flow rate with a linear gradient of NaCl of
0-1.0 M. The fractions were collected at 2 mL per tube,
measured at 280 nm and tested for their bioactivity.
Fractions with highest activity were lyophilized again for
further sequence analysis.

ABTS radical scavenging assay

This assay is based on the reduction of the 2,2'-azino-bis
(3-ethylbenzthiazoline-6-sulphonic acid), ABTS, radical cat-
ion by antioxidants (Arts et al. 2004). The ABTS" solution
was prepared by mixing 7 mM ABTS solution in Milli-Q
water with 2.45 mM potassium persulfate in a ratio of 1:1
(v/v) and kept it in the dark for 16-18 h. Before further use,
the ABTS" solution was diluted with Milli-Q water to give an
A734 around 0.700 + 0.200. Following this, 20 uL of sample
was added to 980 uL of ABTS" and left at room temperature for
10 min in dark. The absorbance was measured spectrophoto-
metrically at 734 nm. Trolox was used as standard antioxidant
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and the results were calculated as trolox equivalent antioxidant
capacity (TEAC) value (pg trolox/mg peptide).

Ferric reducing antioxidant power (FRAP) assay

The reducing power of trypsin hydrolysate fractions was de-
termined according to the method described by Griffin and
Bhagooli (2004) with slight modification. Freshly prepared
FRAP reagent, containing 10 mM 2,4,6-tripyridyl-s-triazine
(TPTZ), 20 mM FeCl, and 300 mM acetate buffer pH 3.6 in
the ratio of 1:1:10, was pre-incubated at 37 °C for 30 min.
Then, 900 uL of FRAP reagent was added to 100 uL of
sample and kept in the dark for 10 min. The absorbance was
measured at 593 nm using spectrophotometer.

Determination of ACE inhibitory activity

The ACE inhibitory activity was evaluated using a modified
method of Park et al. (2003). The sample (50 puL) was mixed
with 25 mU/mL ACE (50 pL) and pre-incubated at 37 °C for
10 min. Then, 100 uL of 6 mM hippuryl-histidyl-leucine
(HHL) in 50 mM Tris with 300 mM NaCl was added and
incubated for 30 min. The reaction was stopped by adding
200 uL of 1.0 M HCI. Hippuric acid was extracted by ethyl
acetate (600 uL), followed by centrifugation at 4000 x g for
15 min. The supernatant (200 pL) was transferred to a test
tube and evaporated at 95 °C to remove ethyl acetate. One
mL of distilled water was added to dissolve the hippuric
acid and the absorbance was spectrophotometrically deter-
mined at 228 nm. The ACE inhibition was calculated from
this equation:

control

A am,
%ACE inhibition = (1—”’> % 100

where A4.,,.,o; Was the absorbance of blank mixture (phosphate
buffer instead of sample) and A4, Was the absorbance of
mixture with hydrolysate sample.

Peptide sequencing

The sequence of bioactive peptide was analyzed by Proteomics
International Pty Ltd. (Nedlands, Western Australia). Briefly,
the most active fraction obtained by purification was applied
to MALDI-TOF/TOF mass spectrometer using a 5800
Proteomics Analyzer (AB Sciex, Framingham, Massachusetts,
United States). MS spectra were collected in the molecular mass
range of 8008000 Da. For MS spectra, peak detection signal to
noise (S/N) ratio was set to 15. MS/MS spectra were analyzed to
identify protein of interest using Mascot sequence matching
software (Matrix Science) with Ludwig NR Database.

@ Springer

Molecular docking

Two peptides that were identified from MALDI-TOF/TOF
were designated as peptide 1 and peptide 2. The molecular
structures of these two peptides were built and energy mini-
mized using SYBYL X Molecular Modeling Software version
1.2 (Tripos Inc., St. Louis, Missouri, United States). The
three-dimensional crystal structure of ACE (PDB ID: 4BZR)
(Kramer et al. 2014) was retrieved from the Protein Data Bank
and used as the target receptor for the docking. AutoDock
Vina program (Trott and Olson 2010) was selected for the
docking experiment because of its versatility and flexibility,
which easily allow modification and optimization of the
docking parameters. Structure of peptide 1 and peptide 2
was docked onto the rigid active site of ACE, where a grid
box location was centered at the original ligand (K-26) bind-
ing site. Subsequently, 40 conformations of the docked com-
plexes were automatically ranked based on their estimated
binding affinities. Each ligand pose was closely inspected
and the molecular interactions between peptide 1 or peptide
2 and the ACE were analyzed to confer the most plausible
binding mode of the ligands.

Statistical analysis

All experiments were performed in triplicates and the data
were presented as mean + S.D. Statistical comparison
was done by the SPSS statistic program (Version 17.0).
The significance level (p < 0.05) was determined by one-way
ANOVA with Duncan’s test.

Results and discussions

Purification of bioactive peptides and their
characterization

From our previous research, enzymatic incubation for 4 h
resulted in the maximum degree of hydrolysis (DH)
(Choonpicharn et al. 2015). The production yield of
freeze-dried hydrolysate was around 90 % of freeze-dried
gelatin weight basis. Trypsin hydrolysate was dissolved in
DI ultra-pure water and loaded onto Sephadex® G-50 gel
filtration column to fractionate the peptides according to
their molecular weights. Three peaks were noticed and
labelled as TA (tube 18-28), TB (tube 45-60) and TC
(tube 63-68) (Fig. 1). The production yield for each fraction
was 1.89 £ 0.02 %, 38.97 + 0.04 % and 34.18 = 0.04 % w/w,
respectively. The antioxidant and ACE inhibitory activities
were determined for each fraction (Table 1). No significant
difference in the radical scavenging activity was observed
among the three samples (p > 0.05). For FRAP assay, TA
fraction, which contained peptides of the largest size among
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Fig. 1 Chromatogram of trypsin 2.5000
gelatin hydrolysate from Nile
tilapia skin fractionated by
Sephadex® G-50 column that was TA
eluted with DI water at flow rate 2.0000
of 1 mL/min. Groups of fractions
are indicated: TA, tubes 18-28;
TB, tubes 45-60; and TC, tubes
63-68

1.5000 T8

1.0000

TC
0.5000
0.0000
TN 2NRNRRRR22Y92dRRTITRRREIILRBATSSE

the three fractions, exhibited the highest reducing power
among all fractions with 5.138 + 1.060 uM trolox/mg peptide,
while the very low reducing power potentials were observed in
the TB and TC fractions (0.752 +0.019 and 0.599 + 0.065 uM
trolox/mg peptide, respectively). Zhang et al. (2012) reported
that low MW tilapia skin gelatin hydrolysate from
properase E and multifect neutral had the highest antioxi-
dant activity among all fractions (ICso = 110.80 pg/mL).
Saidi et al. (2014) prepared a low molecular weight tuna
muscle hydrolysate using alcalase and fractionated with
ultrafiltration and nanofiltration membrane. The nanofiltration
permeate (MW < 1 kDa) exhibited the highest 2,2'-diphenyl-
1-picrylhydrazyl (DPPH), as well as the hydroxyl radical
scavenging activities. The retentate (MW 1-4 kDa) also had
the greatest superoxide radical and reducing power activities.
Sudhakar and Nazeer (2015) reported that the peptide pre-
pared from shotclub cuttlefish with trypsin hydrolysis exhib-
ited highest antioxidant activity in DPPH, ABTS and super-
oxide anion radical scavenging assay and greatest total anti-
oxidant capacity. Besides, the purified peptide with low MW

Table 1

(679.5 Da) showed significant antioxidant capacity in DPPH
radical scavenging and reducing power assays. Cheung et al.
(2012) hydrolyzed Pacific hake fillet by different proteases
and found that those hydrolysates were good at chelating the
metal ion, scavenging the ABTS and DPPH radicals, reducing
the ferric ion and suppressing lipid peroxidation. Furthermore,
they also noted that the peptide size (especially <1.4 kDa) was
important for ABTS radical scavenging activity.

In the case of ACE inhibitory activity, the highest inhibition
occured in TB fraction with 59.325 + 9.971 %, followed by
crude hydrolysate (56.218 +2.192 %), TC (40.588 £ 5.889 %)
and TA (28.796 +9.105 %) fraction, respectively. These results
suggested that a low MW fraction possesses more ACE inhib-
itory activity than a high MW fraction. Chalé et al. (2014)
reported that the peptide fraction from the hydrolysate obtained
by pepsin-pancreatin with MW lower than 1 kDa was the
most active ACE inhibitory fraction (IC5o = 10.2 pg/mL).
Espejo-Carpio et al. (2013) studied the ACE inhibition
activity in goat milk hydrolyzed by subtilisin, trypsin and
in combination of both enzymes. Their results showed that

Bioactivities of purified peptides using a Sephadex® G-50 column

Sample TEAC" (ug trolox/mg peptide)

FRAP" (UM trolox/mg peptide) %ACE" inhibition at 5 mg/mL

Crude trypsin hydrolysate 10.291 + 1.466"

ok

TA 6.080 + 3.887*
TB™ 8.156 + 2.182%
TC™ 9.340 + 1.910°

56218 + 2.192*
28.796 + 9.105°
59.325 + 9.971*
40.588 + 5.889™"

2.990 + 0.503°
5.138 + 1.060°
0.752 + 0.019°
0.599 + 0.065°

Different letters represent significant differences (p < 0.05)

*TEAC, FRAP and ACE stand for trolox equivalent antioxidant capacity, ferric reducing antioxidant power and angiotensin I converting enzyme,

respectively

" TA, TB and TC were the fractions obtained from Sephadex® G-50 gel filtration column
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the highest activity was exhibited in the fraction having
MW lower than 2.3 kDa. Similar results were also found
in other researches. Mao et al. (2007) studied yak milk
casein hydrolysate with alcalase and found that the highest
ACE inhibition was noticed in the low MW peptide
(<6 kDa). Jiang et al. (2010) suggested that the low MW
peptide obtained from bovine casein hydrolysate (<3 kDa)
exhibited the greatest ACE inhibiting activity. Ko et al.
(2012) prepared protein hydrolysate from Chlorella
ellipsoidea, a single-celled green algae, using protamex,
kojizyme, neutrase, flavourzyme, alcalase, trypsin, «-chy-
motrypsin, pepsin and papain. His team found out that
the highest ACE inhibitory activity was noticed from the
alcalase hydrolysate with MW below 5 kDa. Raghavan and
Kiristinsson (2009) evaluated the ACE inhibitory potential
of bioactive peptide from tilapia protein hydrolyzed with
flavourzyme and cryotin-F. Their results showed that the
maximum ACE inhibitory activity was noticed in both
cryotin and flavourzyme hydrolysates with 25 % DH
and, in addition, the greater inhibition was indicated in
low MW peptides than high MW peptides.

However, the ACE inhibitory activity did not exhibit only
in the bioactive peptide derived from the food proteins. Some

Table 2 Intermolecular interactions of the docked complexes
between peptide 1, peptide 2, and the inhibitor K-26, and the
active site residues of ACE. Ligand atoms are highlighted in bold
letters. Similar interactions among the ligands of the common ACE

medicinal plants also possessed pharmacological activities.
Prathapan et al. (2011) informed that the methanolic extract
of Boerhaavia diffusa, a vegetable medicinal plant widely
used in South Asia, manifested the great antioxidant potency.
The extract of B. diffusa could significantly scavenge the hy-
droxyl and superoxide radicals, inhibit lipid peroxidation, re-
duce ferric ion and chelate ferrous ion. Furthermore, in the
experiment of H9¢2 cardiac myoblast cells, the ethanolic ex-
tract of B. diffusa not only exhibited the ACE inhibitory ac-
tivity but also increased various antioxidant enzyme activities
and the concentration of glutathione (Prathapan et al. 2013).

Consequently, the TB fraction, which is the fraction with
good radical scavenging activity and the highest ACE inhib-
itory activity together with highest production yield, was se-
lected for further purification by ion exchange chromatogra-
phy SP sephadex® C-25. However, the further purification
with ion exchange column reduced the antioxidant and ACE
inhibitory activities of bioactive peptide (data not shown).
This may due to the loss of synergistic peptide to cooperate
with their antioxidant and ACE inhibitory functions
(Raghavan and Kristinsson 2009). Therefore, based on these
results, TB fraction was chosen to identify for its sequence by
MALDI-TOF/TOF MS/MS technique.

residues are highlighted in the same style. Binding affinity of each complex
calculated by the docking protocol is also indicated. OC = carbonyl,
NH = amine/amide, OPO = phosphate, N+ = nitrogen positive charge,
O- = oxygen negative charge

Compounds Binding affinity Protein-ligand interactions
(kcal/mol)

Hydrogen bond Electrostatic Hydrophobic

K-26 —82 ALA356:0C Zn*:0P0O TRP357:pi-sigma
ALA356:NH - HIS387.pi-pi
ASP358:0C HIS410:pi-pi
GLU384:0PO VAL518:pi-sigma
TYR523:0P0

Peptidel -9.5 GLN281:0C(Glu3) GLU376:N"(Gly1) HIS383:pi-sigma(Pro2)
GLU411:0H(Gly4) ASP453:N*(Pro2) HIS387:pi-sigma(ProS5)
TYRS523:0 H(Gly4) GLU411:N"(Pro5) PHE570:pi-sigma(Arg9)
ALA356:NH(Gly7) GLU403:N"(Arg9)
TYR360:0C(Gly7) ARG522:07(Arg9)
GLU403:NH(Arg9) Zn’":OH(Gly4)
GLY404:NH(Arg9)

Peptide2 -9.3 GLU162:NH(Gly1) GLU162:N"(Glyl) HIS383:pi-sigma(Pro5)
ASP377:NH(Gly1) ASP377:N*(Gly1) HIS410:pi-cation(Arg18)
CYS370:NH(Gly1) LYS511:0™(Glu2) -
ALA354:0C(Gly1) ASP358:N*(Arg18)
LYS511:0C(Glu2) Zn*":0C(Ala6)
THR282:0H(Thr3) -
HIS353:NH(Gly7)
ASN66:NH(Alall)
ARG124:0C(Alal2)
TYR360:NH(Alal5)
TYR394:NH(Arg18)
ASP358:NH(Argl18)
TYR360:NH(Argl18)
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Fig. 2 Docking poses of ligands a
onto the active site of ACE.

a Apo-enzyme generated by a
manual removal of original
(K-26) ligand from the co-crystal
complex structure is shown in a
surface model where ionic
residues are highlighted in gray
patches. A small white circle
indicates the location of Zn*" co-
factor of the enzyme. b K-26
molecule re-docked onto the
active site of the enzyme is shown
in a ball-and-stick model. Peptide
1 (¢) or peptide 2 (d) were also
docked into the active site of the
same apo-enzyme structure. Light
gray atoms are oxygen

The result from MALDI-TOF/TOF technique showed
that two significant peptides, 9- and 18-amino acids, are
contained in the TB fraction. Their sequences were

Glu3s4

Glu%
His410
3)2:3354

v e ~ Ala3s6
i %hesm
Natsrs

His353

Tr;;\;;é% ﬁsn&ﬁ
TyrB:g%

Fig. 3 Two-dimensional schematics summarizing the key interactions
between the ligands (black sticks) and the active site of ACE (gray
sticks) analyzed by Ligplot (Wallace et al. 1995); (a) K-26 inhibitor,
and (b) peptide 1. Dashed lines indicate hydrogen bonding and

GPEGPAGAR (henceforth ‘peptide 1°, MW 810.87 Da) and
GETGPAGPAGAAGPAGPR (henceforth ‘peptide 2°, MW
1490.61 Da).

b

PheS 70

THE0as Asn4g§§ g{ Glu403
Phe391
Asp35% s
i iPmde{]?
201

AIaB'S_G{'O“z-'
Shisa10
Peptide 1
SerBSS‘E
iGIuM 1

% Phes%\g
%3383

Val518
g\:\spﬂs

Glu384

Val3go

‘eyelash’ curves show unbonded hydrophobic interactions. Key
amino acid residues of the enzyme for the binding are indicated.
White atoms are oxygen and gray atoms are nitrogen. Distances of
key interactions are indicated
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Molecular docking of the peptide onto ACE

The molecular structures of peptide 1 and peptide 2 were built
and energy minimized using SYBYL X Molecular Modeling
Software and the structure of peptide 1 and peptide 2 was
docked onto the rigid active site of ACE. In order to further
evaluate the possibility of distinguishing between the binding
modes of peptide 1 and peptide 2 bound onto ACE, molecular
docking was performed on an X-ray complex structure of the
target enzyme that has been co-crystalized with an K-26 (PDB
4BZR) inhibitor. This was reported by Kramer et al. (2014).

To confirm the validity of the docking, molecular interac-
tions, including hydrogen bond, electrostatic and hydrophobic
interactions found between the ligands and the active site of
ACE were compared with those of inhibitor K-26. These spe-
cific interactions are summarized in Table 2. Molecular
docking of K-26 inhibitor onto the active site of the ACE
resulted in a pose (Fig. 2b) that, among the 40 conformations,
has the lowest binding affinity of —8.2 kcal/mol (Table 2). This
conformation revealed particular intermolecular interactions
between the K-26 ligand and the ACE pocket (Fig. 3a).
Peptide 1 docked onto the active site of the ACE revealed
the best conformation (Fig. 2¢) and a binding affinity
(=9.5 kcal/mol), even better than of K-26. This may be due
to a larger surface area of the binding interactions and, hence,
a higher number of hydrogen bonds occurred at the carbonyl,
amino, and hydroxyl groups of peptide 1 (Fig. 3b). For
peptide 2, the best pose that docked onto the active site
of the ACE (Fig. 2d) yielded a similar level of binding
affinity (—9.3 kcal/mol), even though it has a longer chain
and more surface arca. However, some of the residues of
peptide 2 appeared as sharp turns, which could generally
render the overall complex less stable than that of peptide
1. Furthermore, when compared to similar interactions
among the ligands in the common enzyme residues (Table 2),
peptide 1 also has more interactions similar to the K-26
binding, even though it is considerably shorter than peptide
2. The binding conformation of peptide 1 in the active site
cleft also appeared more expanded than that found in the
peptide 2 complex. This usually indicates that a more sta-
bilized conformation with potentially fewer stearic clashes
occurred while the peptide threaded through the ACE.
These characteristics suggested that peptide 1 is slightly
more superior to peptide 2 in terms of fitting into the
binding pocket of ACE, though having a similar level of
binding affinity. Taken together, the docking study implies
that the ACE-peptide 1 and ACE-peptide 2 complexes are
more stable than the ACE-K-26 complex. Peptide 1 may
be a better ligand for the ACE active site cleft than peptide
2, though not significantly.

To confirm the ACE inhibitory activity of these two
peptides, synthesized peptide 1 and 2 were used as an
inhibitor sample at 1.0 mg/mL concentration. The results
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showed that peptide 2 could inhibit the ACE function with
40.521 + 0.005 %, similar to peptide 1 inhibition
(37.357 + 0.003 %). Thus, no significant difference in
ACE inhibitory activity between these two peptides was
observed in vitro.

Conclusions

The results suggest that trypsin B fraction, being the low mo-
lecular weight peptide fraction, possesses high radical scaveng-
ing (TEAC value of 8.156 + 2.182 ug trolox/mg peptide) and
ACE inhibitory (59.325 = 9.971 % inhibition) activities along
with high productivity yield (38.97 + 0.04 % w/w). The
MALDI-TOF/TOF results show that the trypsin B (TB) fraction
contained 2 main peptide sequences. These are GPEGPAGAR
(peptide 1, MW 810.87 Da) and GETGPAGPAGAAGPAGPR
(peptide 2, MW 1490.61 Da). Docking analysis shows that the
characteristic of peptide 1 is slightly more suitable to fit into the
binding pocket of ACE than peptide 2, though there is no sig-
nificant difference in their binding energies. The experimental
validation results of both synthetic peptides on the ACE inhib-
itory activity also indicated that they both have the same level of
inhibitory activities. Thus, it can be concluded that both peptide
1 and 2 are new candidates towards the development of the
ACE inhibitory and antioxidant agent isolated from the natural
sources.
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