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Abstract
Peptide characterisation is essential for finding the functionalities of the 

synthesised peptides. The peptides were recently isolated from the fraction  
< 3 kDa of Sumbawa mare milk’s protein through hydrolysis by B. thuringiensis 
protease, with profiling by RP-HPLC and sequence analysis by LC-MS/MS. 
However, screening of peptide activities is typically avoided due to the required 
cost and time expense. Herein, the peptides were analysed using molecular 
mechanics and docking software to find the physicochemical properties and 
reactivity with 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid (ABTS) 
and 2,2-diphenyl-1-picrylhydrazyl (DPPH). The dissociation constants (pKd) of 
peptides with ABTS and DPPH were calculated and found to correlate with 
the antioxidant activity between peptide and radical ABTS or DPPH. The 
peptide HPYFYAPELLYYANK (pKd = 4.16) was found to have the highest 
antioxidant activity with ABTS, while peptide VPQVSTPTLVEVSR (pKd = 
5.99) the highest antioxidant activity with DPPH. The influence of the peptide’s 
stereochemistry and the correlation between antioxidant activity and dissociation 
constant were then investigated by statistical analysis. 

Keywords
Peptide, Molecular modelling, Antioxidant, Dissociation constant

Introduction
Free radicals are commonly produced during metabolism in living organisms. 

Antioxidants are necessary molecules for maintaining oxidative and anti-oxidative 
balances in biological system to prevent oxidative damages and degenerative 
diseases [1, 2]. Antioxidants are produced naturally by organisms, but in certain 
condition their production are insufficient. Antioxidants from external sources 
are commonly used to supplement those naturally produced in organism when 
insufficient [3]. For these reasons, many researchers are keen to explore potential 
antioxidants from natural sources, such as peptides derived from readily available 
proteins.

Mare milk has a high protein content compared to that of other species, no-
tably buffalo, camel, cow, ewe, goat, and human [4]. The composition of true whey 
protein from mare’s milk is higher than cow’s and human’s milk [5]. The mare 
milk therefore has a higher potential as a bioactive peptide resource. Additionally, 
the protein from mare milk induces fewer allergenic effect than those from cow 
milk [6]. Of specific interest in this study was the mare milk from Sumbawa mare, 
a horse native to Nusa Tenggara Barat province, Indonesia, and likely descendent 
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from Mongolian and Arabian horses [7]. 

Sumbawa mare milk has been utilised as a traditional 
medicine [8] but few studies on the scientific value of these 
treatments have been performed. From previous studies, Sum-
bawa mare milk has shown potential in increasing immunity 
of mice against hepatitis A [9], antimicrobial activities [10], 
and probiotic function [11]. For these reasons, Sumbawa mare 
milk could be a potential source of exploitable peptides. 

The peptides of Sumbawa mare milk have recently been 
investigated [12]. However, exploring physio-chemical prop-
erties or bioactivities, such as antioxidant potential, was limit-
ed due to the cost and time constraint associated with single 
peptide synthesis. To overcome this issue, we employed the use 
of computational simulation, which is becoming a potential 
method of seeking characteristics and bioactivities predictions 
of peptides. Herein, the peptides derived from Sumbawa mare 
milk were analysed for their potential antioxidant activities 
against 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic 
acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DDPH) 
radicals using molecular modelling, which were then con-
firmed by antioxidant activity testing. 

Materials and methods
Materials

The peptide sequences (13 peptides) were taken from a 
previous report (Table S1) [12]. The peptides were generated 
from hydrolysis of Sumbawa mare’s milk protein using B. 
thuringiensis protease, fractionated using 3 kDa membrane 
(AMICON Ultra centrifugal units, Merck Millipore Ltd., 
Tullagreen, Carrigtwohill, Co) and sequenced and identified 
by LCMS/MS. 

2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt (ABTS), 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), ethanol, and potassium persulphate (K2S2O8) 
were obtained from Sigma-Aldrich, USA. The peptides HPY-
FYAPELLYYANK and LVNELTEFAK were synthesized by 
First Base Laboratories, Malaysia. Double-distilled ultrapure 
water (Millipore, UK) was used for all experiments. All chem-
icals and solvents were analytical or HPLC grade and used 
without any purification. 

Computational simulation 
Bovine serum albumin (BSA) was initially acquired from 

the RCSB Protein Data Bank (4F5S) as a dimer crystal. By 
opening the protein pdb file as text, the 13 peptide sequences 
previously published by Kusumaningtyas et al., were found to 
correspond to amino acid sequences in each protein monomer 
(Table S1) [12]. These peptide sequences were then isolated 
from the protein without structural modification, giving 
peptides A and B for each BSA monomer in the configuration 
found in the protein crystal. Peptides A and B were then 
subjected to an automated screening technique (‘Leapfrog’, 
available within the Sybyl 7.3 software package) in which 
ABTS and DPPH were sequentially placed around the 
peptide and the interaction energy recorded. Analysis of the 

position of maximum binding energy as determined by the 
screening for each then gave approximations of the positions 
of highest interactions between each peptide (A and B) and 
ligand (DPPH and ABTS). The Surflex docking software was 
then used to predict values for the dissociation constant, Kd, 
for each peptide and ligand, using the positions determined 
from Leapfrog screenings as the site for more precise docking 
analysis.

Antioxidant activity testing
The antioxidant activity test was the same as the previ-

ous study [12, 13] and proceeds as follows: a solution of ABTS 
7.4 mM and K2S2O8 2.6 mM (1:1, v/v) was incubated at room 
temperature in the dark for 18 hours, diluted with deionized 
water, and measured by microplate reader at λ = 405 nm until 
reaching absorbance of 1.1 ± 0.05. 100 µL HPYFYAPEL-
LYYANK (1 mg/mL) was then added to 200 µL ABTS mix 
solution, incubated at room temperature for 15 minutes, and 
its absorbance measured at λ = 405 nm by microplate reader. 
The scavenging activity of peptide HPYFYAPELLYYANK to 
ABTS radicals was expressed using equation 1. This procedure 
was also tested for peptide LVNELTEFAK. 

The analytical procedure of antioxidant activity for 
DPPH is slightly different with those for ABTS. The DPPH 
solution was diluted with ethanol until reaching absorbance 
of 1.1 ± 0.05 at λ = 540 nm. 100 µL HPYFYAPELLYYANK 
(1 mg/mL) was then added to 200 µL DPPH solution, incu-
bated at room temperature for 30 minutes, and its absorbance 
measured at λ = 540 nm by microplate reader. The scavenging 
activity of peptide HPYFYAPELLYYANK to DPPH radi-
cals was expressed using equation 1. This procedure was re-

Equation 1: Where Acontrol was absorbance of blank sample treated with no 
added peptide and A sample is the absorbance in the presence of peptide. The 
assays were performed in three replications and the results were presented 
as the mean of each.

Table S1: Position of peptide in Bovine serum albumin (BSA), RCSB 
Protein Data Bank (4F5S).

No Peptide Position in BSA
1 LVNELTEFAK 66 – 75
2 YLYEIAR 161 - 167

3 HPYFYAPELLYYANK 169 – 183
4 AEFVEVTK 249 - 256
5 DAIPENLPPLTADFAEDK 319 – 336
6 DAFLGSFLYEYSR 347 – 359
7 RHPEYAVSVLLR 360 – 371
8 HPEYAVSVLLR 361 - 371
9 HLVDEPQNLIK 402 – 412
10 LGEYGFQNALIVR 421 – 433
11 KVPQVSTPTLVEVSR 437 - 451
12 VPQVSTPTLVEVSR 438 – 451
13 KQTALVELLK 548 - 557
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peated for peptide LVNELTEFAK.

Statistical analysis

Data analysis was performed by IBM SPSS Statistic 25 
Software. The Levene’s test and independent t-test were ap-
plied for determining the significance between calculated dis-
sociation constants in 13 peptide sequences. Pearson correla-
tion was used to find significant correlations between peptides 
in individual and group positions regarding to interact with 
ABTS and DPPH.

Results and discussion
Dissociation constant and radical scavenging activity

In this study, the dissociation constant was calculated 
and investigated for possible correlation with the antioxidant 
activity of a series of peptides. The antioxidant activity was 
examined by calculating radical scavenging activity (Equation 
1), by observing the reaction between the peptide and DPPH 
shown figure S1 [14]. The dissociation constant was found to 
be related to the antioxidant activity via equation S1. It seems 
that the higher pKd of peptide complexes correlate with high-
er antioxidant activity of the peptide. Hence, determining the 
pKd could present an alternative approach to finding the an-
tioxidant activity of peptides without any synthesis required. 

The empirical studies showed the same results as the 
computational simulation studies when the peptides HPY-
FYAPELLYYANK and LVNELTEFAK were compared. The 
antioxidant activity and pKd of HPYFYAPELLYYANK are 
12.04 ± 5.60 % and 0.93 ± 0.10 respectively, which was higher 
than those of LVNELTEFAK (7.66 ± 5.09 and 0.08 ± 0.03) 
to ABTS (Table 1). Similarly, the antioxidant activity was lin-
early correlated with pKd for interaction between peptides and 
DPPH; the peptide HPYFYAPELLYYANK showed higher 
antioxidant activity and pKd than LVNELTEFAK as shown 
in table 1. 

These results can be rationalized by acknowledging that the 
pKd and antioxidant activity of the peptide HPYFYAPEL-
LYYANK would both be expected to be higher than that 
those observed with LVNELTEFAK because of the presence 
of methionine, cysteine and aromatic amino acid such as 
tyrosine, histidine, phenylalanine and tryptophan as shown 
figure 1 [15]. 

The stereochemistry effect to antioxidant activity
The peptide sequences were discovered to be common 

to both bovine serum albumin (BSA) and the isolated horse 
milk protein. While there are undoubtedly differences in the 
structure the conservation of these sequences in both suggests 
strong overall similarity, allowing BSA to function as a suitable 
model for the horse serum albumin protein. Peptides were 
therefore isolated from the crystal structure of BSA for the 
calculation of their respective pKd values. After identification 
of the sequences within the BSA protein, these peptides could 
then be extracted and isolated from the protein (referred to as 
‘single’) or analysed while part of the greater protein structure 
(‘part of BSA’).   Docking software was then used to calculate 
the pKd values of ABTS and DPPH with each of these 
peptides in isolation and as a part of the BSA protein. The 
results are given in figure 2. Strong variation can be observed 
between each peptide, and between each peptide in isolation 

Figure 1: The structure of interaction between peptides and ABTS or 
DPPH; (a) HPYFYAPELLYYANK vs ABTS, (b) LVNELTEFAK vs ABTS, 
(c) HPYFYAPELLYYANK vs DPPH, and (d) LVNELTEFAK vs DPPH.

Table 1: Comparison between dissociation constant and antioxidant activ-
ities of peptides HPYFYAPELLYYANK and LVNELTEFAK

Single peptide
PKd Antioxidant activity (%)

Min - Max Mean SD Min – Max Mean SD

ABTS interaction

HPYFYAPEL-
LYYANK 0.85 – 1.00 0.93 0.1 6.74 – 

14.81 12.04 5.6

LVNELTEFAK 0.06 – 0.10 0.08 0.03 3.97 – 
13.46 7.66 5.09

DPPH interaction

HPYFYAPEL-
LYYANK 2.75 – 2.84 2.8 0.06 9.76 – 

10.72 10.34 0.51

LVNELTEFAK 2.17 – 2.91 2.54 0.52 4.24 – 7.28 5.28 1.73

Equation S1:

Figure S1: Mechanism of DPPH scavenging (adapted by Wu et al.)
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and when remaining part of the protein. The major cause of 
the divergence observed between individual peptides centres 
on the stereochemistry and steric effects, which explain the 
wide range of dissociation constants.

Correlation the pKd between two different stereochemistry
The role of stereochemistry in the interaction between 

the two ligands ABTS and DPPH can be observed in table 
2. A broad range of dissociation constants was observed for 
the different peptides with both ligands, with the greatest 
difference being observed in analysis of the peptide within the 
intact protein. In these conditions the surrounding protein can 
act to sterically prevent comfortable binding of the ligands 
or can inversely support binding by providing additional 
interactions in regions of the ligand not involved in binding 
to the specific peptide. 

The Levene's test for equality of variances was investigated 
for all interaction occurred in this study; those occurring 
between isolated single peptides and ABTS and DPPH, 
and interaction between peptide as part of BSA with ABTS 
and DPPH. The results showed that there were two position 
combinations resulting in p < 0.05, and that the difference in 
stereochemical effect of peptide between isolated single pep-
tides or the equivalent sequences as part of BSA is negligible. 
However, the Pearson correlation provided contradictory 
results, In which a correlation is demonstrated between the 
observed interaction of the sequences (as part of BSA) with 
ABTS relative to DPPH, as illustrated in Figure 3. Single 
peptides did not show this correlation and showed generally 
lower interaction with ABTS or DPPH than the peptides as 
part of BSA. These results demonstrate the importance of the 
supporting protein to accommodating radical ligands, and the 
likely necessity of the whole protein for effective antioxidant 
activity. 

Conclusion
Molecular modelling was successfully used to identify 

antioxidant activity of peptides isolated from the protein of 
Sumbawa mare milk without any peptide synthesis process. The 
antioxidant activity was found to correlate with the dissociation 
constant, which can be explained as resulting from the stability 
of peptide complexes with ABTS and DPPH. The comparison 
of pKd and antioxidant activity gave a positive correlation 
when observed for peptides HPYFYAPELLYYANK and 
LVNELTEFAK. The stereochemistry and other peptide 
effects apparently result in this difference of pKd, but full 
validation will be demonstrated by experimental studies in the 
future.
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