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Abstract
An antioxidant molecule namely, adenosyl homocysteinase (AHc) was identified from the earlier constructed transcriptome 
database of Spirulina, where it was cultured in a sulphur deprived condition. From the AHc protein, a small peptide NL13 
was identified using bioinformatics tools and was predicted to have antioxidant property. Further, the peptide was synthesised 
and its antioxidant mechanism was addressed at molecular level. NL13 was subjected to various antioxidant assays including 
DPPH assay, HARS assay, SARS Assay, NO assay and ABTS assay, where NL13 exhibited significant (P < 0.05) potential 
antioxidant activity compared to its antioxidant control, Trolox. Cytotoxicity was performed on Human whole blood and the 
cell viability was performed on VERO fibroblast cells. In both assays, it was found that NL13 did not exhibit any cytotoxic 
effect towards the cells. Further, the intracellular ROS was performed on Multimode reader followed by imaging on fluores-
cence microscope which showed scavenging activity even at lower concentration of NL13 (31.2 µM). An effective wound 
healing property of NL13 on VERO cells was confirmed by analysing the cell migration rate at two different time intervals 
(24 and 48 h). Overall, the study shows that NL13 peptide scavenges the intracellular oxidative stress.
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Abbreviations
AHc	� Adenosyl homocysteinase
ROS	� Reactive oxygen species
Ap	� Arthrospira platensis
TEAE	� Trolox equivalent antioxidant capacity
HRS	� Hydroxyl radical scavenging
VERO	� Fibroblast cells

Introduction

Sulfur is one of the most essential nutrients required by 
cyanobacteria for their growth, metabolism and regulation. 
Sulphur stress has shown deleterious effect on the growth 
of cyanobacteria [1, 2]. Adenosyl homocysteinase (AHc) is 
also known as S-Adenosyl homocysteinase hydrolase; this 
is an enzyme that hydrolyses to adenosine and l-homocyst-
einase [2, 3]. Adenosyl homocysteinase plays a major role 
in regulating methylation and controlling its intracellular 
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concentration. It acts as a catalyst in a chemical reaction by 
regulating the levels of S-Adenosylhomocysteine. S-Aden-
osylhomocysteine is very important for transmethylation 
reaction. According to studies [4–6], AHc can act as antic-
ryptosporidial drug, antiviral, antitumor, antioxidant and 
antimalarial agents.

Reactive oxygen species (ROS) imbalance play a cru-
cial role in wound healing impairment. A wound can be an 
injury in any normal tissue by physical, thermal, chemical or 
microbial effects that results in damaging tissues at molecu-
lar and cellular levels. Wound healing is a vital biochemical 
and physiological process that can be challenged due to free 
radicals. The process of wound healing takes place in three 
successive phases such as inflammation phase, tissue for-
mation phase and remodelling phase [5]. Proinflammatory 
cytokines and growth factors are secreted by white blood 
cells during inflammation. It is followed by strengthening 
of new granulation tissue by laying collagen in the wound 
by fibroblasts. In the third phase, the new cells are formed 
around the wound and new matrix is created which reduces 
the extracellular matrix and its component [6].

Antioxidants help in balancing the oxidative stress and 
allow regeneration of tissue by repairing the cells. At the 
site of injury, excess amount of protease and reactive oxygen 
species are formed by the accumulation of neutrophils and 
it restricts the oxidative damage of protease inhibitor [7]. 
Reactive oxygen species is developed at the wound site in 
larger quantities as a protection against invasive bacteria. 
The existence of increased number of neutrophils and ROS, 
nevertheless, overwhelms the antiprotease substances that 
usually shield the cells and extracellular matrix. Reactive 
oxygen species can cause severe tissue damage at high con-
centrations and even contribute to neoplastic transformation, 
which inhibits the healing process through disruption of cell 
membranes, DNA, proteins and lipids. Fibroblasts can be 
killed and excess ROS make skin lipids less flexible. As a 
consequence, the ultimate involvement of antioxidants in the 
successful treatment and maintenance of wound tends to be 
important. Such adverse effects of wounds are minimized 
due to antioxidants by eliminating inflammatory compounds. 
They counteract the excess proteases and ROS which are 
often produced due to the accumulation of neutrophils in 
the injury [6, 7]. Antioxidant protection is a mechanism 
that includes the interaction between the compound and the 
hydroxyl peroxidase rather than just limiting the cell mem-
brane damage [8]. Many compounds have been reported to 
show wound healing activity with the property of high radi-
cal scavenging capacity [6].

Arthrospira platensis (Ap) is a filamentous planktonic 
blue-green alga (also called cyanobacteria) that is increas-
ing more attention due to its nutritional and medicinal val-
ues. Phenolics, phycocyanins and polysaccharides present 
in spirulina have shown anti-inflammatory and antioxidant 

properties. Spirulina has shown to increase the activation of 
macrophages and reduction of inflammation without effect-
ing innate defense system [9]. Abdel-Daim et al. reported 
that the inflammation improved various oxidative stress 
markers including nitric oxide, glutathione peroxidase, 
superoxide dismutase and reduced glutathione in mice 
model [10]. Spirulina has bioactive compounds that help 
in the inactivation of free radicals protecting against stress 
[11–13]. Cyanobacterial metabolites reveal interesting and 
exciting bioactivities such as anticoagulant, immunosuppres-
sant, antimalarial, antiviral and antibacterial [14]. Cyano-
bacteria are potentially considered for preventing vascular 
damage as well as cardiovascular diseases, providing defense 
by scavenging the free radicals and acts as a UV-B screening 
compounds [15].

The use of antioxidant peptides has given a new approach 
towards the therapeutic techniques. The molecular weight, 
isoelectric point, amino acid composition, hydrogen ion con-
centration, structure and hydrophobic characters are essen-
tial criteria to sequence the antioxidant peptides [16]. Sev-
eral antioxidant compounds have been reported with wound 
healing activity. In the line, peptides derived from hydro-
lysate of A. platensis has also exhibited antioxidant activity 
by inhibiting lipid peroxidation formation and by donating 
hydrogen to act as free radical scavengers [17]. Therefore, 
this study focuses on the sulphur stressed antioxidant peptide 
and its activities including on fibroblast cells.

From the transcriptome of A. platensis, ApAHc sequence 
was obtained which was cultured under sulphur deprived 
state that was constructed through Illumina NextSeq 500 
technology. The recognised full-length sequence of cDNA 
was characterized using various bioinformatics analysis 
including multiple sequence alignment and physiochemi-
cal parameters. Further, the expression pattern of ApAHc 
was analysed in real time PCR in A. platensis cells which 
was cultured under the sulphur deprived condition. A short 
peptide named NL13 was derived from S-adenosylhomo-
cysteine hydrolase domain of ApAHc protein by bioinfor-
matics analysis and it was synthesised to study its activities. 
NL13 peptide was predicted to have antioxidant property 
based on the conserved regions compared to the other known 
antioxidant cyanobacteria using BLAST. Also, other param-
eters like molecular weight (1.33 kDa) and the presence of 
antioxidant amino acids such as Proline (7.7%), Leucine 
(15.4%), Alanine (15.38%), Valine (7.7%) and Aspartic acid 
(15.4%) [18, 19]. The purity of the peptide was determined 
using HPLC and its sequence purity was confirmed by MS 
analysis. Further, the peptide was subjected to the determi-
nation of different physical and chemical properties using 
in silico tools. NL13 was also further subjected to various 
molecular assays including cytotoxicity and wound healing 
performance on VERO fibroblast cells under H2O2 stress to 
study its antioxidant potent.
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Materials and methods

Growth analysis and collection of A. platensis cells

The inoculum of A. platensis strain used in this study was 
isolated from Potheri Lake (12.825527° N 80.039606° E) 
Tamil Nadu, India. It was grown in 1 l flasks containing 
modified Zarrouk’s medium (Cogne) at temperature 30 °C, 
pH 9.5 with a 12 L/12 D cycle [20]. The cells grown in 
Zarrouk medium was served as control. For analysing sul-
phur deprivation studies, A. platensis was cultured in an 
altered Zarrouk medium that was supplemented with 0, 
20, 40, 60, 80 and 100% chloride instead of sulphate. The 
growth rate of A. platensis was measured once in alterna-
tive days in spectrophotometer at 655 nm. The culture was 
utilised to study the expression pattern of ApAHc, thus 
sampling was taken at every 5 days interval until the study 
was completed on day 20. The collected cells were frozen 
immediately in liquid nitrogen and further stored at − 80 °C 
until the gene expression study was evaluated.

Validation of ApAHc gene expression by real time 
PCR

Total RNA was extracted from the collected A. platensis 
cells using TRIzol method as suggested by manufacture (Life 
Technologies, Rockville, MD, USA). Then the extracted 
total RNA was subjected to the conversion of cDNA using 
the cDNA synthesis kit [17]. Utilizing the cDNA as tem-
plate, the ApAHc gene expression was evaluated in Light 
Cycle 96 Real Time PCR system using Fast SYBR Green 
Master Mix (Roche Diagnostics GmbH, Germany). For the 
assay, we followed the standardised thermal protocol as 
reported earlier [21]. We have used 16 s rRNA as internal 
control to quantify the relative expression of ApAHc. For the 
assay the following primers were designed in Primer Quest 
tool and used for the assay: ApAHC, TGT CGT CGT TGT 
CGG TTA TG (Sense) and GAC TGG ATC AAC TTC GGT 
AAC A (Antisense) and 16 s RRNA, CGT AAA CCT CTC 
CTC AGT TCA G (Sense) and GAA CGG ATT CAC CGC 
AGT AT (Anti sense).

Identification and sequence analysis of ApAHc

A Sequence ApAHc was obtained from the transcriptome of 
A. platensis which was cultured under sulphur deprived state 
and was constructed earlier using Illumina NextSeq 500 
technology [20]. The obtained ApAHc cDNA sequence 
was presented to the European Nucleotide Archive (EMBL 
Nucleotide Sequence Database) under ExPASy Translate 
(web.expasy.org) tool and received the protein sequence. 

BLAST database (blast.ncbi.nlm.nih.gov) was used to search 
homology. Bioedit (ver. 7.1.3.0) (www.mbio.ncsu.edu) has 
been used to predict the multiple sequence alignment. Pep-
Cal and Peptide 2.0 (www.pepti​de2.com) were anticipated 
to use MEGA X (www.megas​oftwa​re.net) for phylogenetic 
analysis. Amino acid sequences were aligned using EMBL-
EBL (www.ebi.ac.uk) and 3D structure was built using the 
I-TASSER (https​://zhang​lab.ccmb.med.umich​.edu/I-TASSE​
R/). PyMOL (www.pymol​.org) is used to render 3D mod-
els. The anticipated 3D structure was projected to be accu-
rate based on I-TASSER confidence score (C-) and RMSD 
(Ramachandran Plot Analysis). Prabi-Gerland web server 
(www.prabi​.fr) was conducted for additional details on 2D 
structure.

Analysis of NL13 peptide

Peptide NL13 characterization was performed based on (i) 
molecular weight (ii) amino acid properties, (iii) length, 
(iv) hydrophobicity and (v) amino acid content. ProtParam 
Tool- Expasy (https:/web.expasy.org/cgi-bin/protparam/
protparam) has been used to verify the number of amino 
acids, molecular weight, theoretical value, amino acid com-
position and instability index. Peptide 2.0 (https​://www.pepti​
de2.com/) was used to check the attribute and hydrophobic-
ity of the peptide NL13. Helical wheel projection program 
(www.rzlab​.ucr.edu) was used to demonstrate the nature of 
predicted peptide. Pepdraw (www.pepdr​aw.com) was used 
to find the peptide linear structure. The determined NL13 
peptide has 95.843% purity on HPLC Analysis and MALDI-
TOF MS assessment has confirmed the NL13 sequence. The 
peptide was then made into a stock solution of 1 mM and 
preserved at − 20 °C until further experiment on it.

Determination of antioxidant action of NL13

To examine the antioxidant activity of the NL13, the fol-
lowing assays were performed: DPPH assay, ABTS-Trolox 
equivalent antioxidant capacity (TEAE) assay, Hydroxyl 
radical scavenging activity, Super anion radical scavenging 
assay and Nitric oxide scavenging activity.

DPPH radical scavenging assay

The radical scavenging 2,2-diphenyl-1-picrylhydrazyl 
assay was determined based on the method provided by 
Sannasimuthu et al. [22] with slight modifications. Pep-
tides or Trolox were blended with 0.5 ml of DPPH (25 μg/
ml) solution at distinct concentrations (250 to 7.8 μM). 
The blend was at the point of incubation in a dark place at 
room temperature for 30 min. Ethanol was used as a control. 
The absorbance was taken at 517 nm on Microplate reader 
(TECAN, Austria) in triplicates.

http://www.mbio.ncsu.edu
http://www.peptide2.com
http://www.megasoftware.net
http://www.ebi.ac.uk
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
https://zhanglab.ccmb.med.umich.edu/I-TASSER/
http://www.pymol.org
http://www.prabi.fr
https://www.peptide2.com/
https://www.peptide2.com/
http://www.rzlab.ucr.edu
http://www.pepdraw.com
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ABTS assay

The ABTS (2,2′-azino-bis-3-ethylbenzothiazoline-6-sul-
fonic acid) radical assay was freshly prepared by dissolv-
ing ABTS (7 mM) in distilled water and by reacting it with 
potassium persulphate (2.4 mM) [23]. After 12–16 h, the 
reaction mixture was diluted with PBS (pH 7.4), peptide 
samples or Trolox were added at different concentrations 
(250 to 7.8 μM) and kept for 60 min at 30 °C [17]. The 
reading were taken in the Microplate reader at 734 nm.

Hydroxyl radical scavenging assay

The assay was conducted as described by Sannasimuthu 
et al. [22] with some modifications. A reaction mixture 
was prepared in micro centrifuge tube that contained 30 µl 
phenonthroline (2 mM), 30 µl ferrous sulphate (2 mM), 
30 µl EDTA (6 mM) and PBS (0.2 mM), along with the 
mixture, 40 µl peptide or Trolox was added at different 
concentration (250 to 7.8 µM). Finally, 40 µl of 0.03% 
H2O2 was added in each tube and incubated for 37 °C for 
60 min. Absorbance was taken at 536 nm using microplate 
reader and the readings were recorded. The experiments 
were repeated in three replicates.

Superoxide anion radical scavenging assay

The superoxide anion radical was produced [17] using 
50 μl nitrotetrazolium blue chloride (2.52 mM), 50 μl 
NADH (624 mM) and different concentrations of peptide 
(250 to 7.8 µM). The reaction was started by including 
50 μl phenazine methosulfate solution to the mixture. The 
absorbance of the arrangement was measured at 560 nm.

Nitric oxide assay

To perform the assay, sodium nitroprusside (5 mM) was 
prepared [24] in PBS and was kept for 2 h at 25 °C. After 
incubation, the peptide at different concentration was 
added. Further, it was treated with Griess reagent (1% sul-
phanilamide, 0.1% NEED and 2.5% phosphoric acid) and 
the absorbance was taken at 540 nm in microplate reader.

Determination of cytotoxicity and intracellular ROS 
level in human blood cells

Haemolytic assay was applied to find out the cytotoxicity 
of NL13 on human blood cells by isolating human PBMC. 

In addition, intracellular ROS level was analysed using 
DCFDA dye under fluorescence microscope.

Haemolytic assay on human whole blood

Blood was acquired from a healthy volunteer (Ethical Clear-
ance No. CDRI/IEC/2014/A1) with a 5 ml syringe and 
gathered in BD Vacutainer (EDTA Coated, REF-367841) 
to avoid coagulation [25]. Blood (2 ml) was centrifuged at 
1000 rpm for 10 min at 4 °C in cooling centrifuge. Plasma 
was removed and erythrocytes were washed thrice in 1X 
PBS and was centrifuge for 5 min at 500 rpm. The super-
natant was collected in 96 well microplate along with the 
peptide, NL13 (250 µM). For positive control, Triton X-100 
and as negative control, 1X PBS was used. The results were 
noted using microplate reader at 540 nm in three replicates.

Analysis of intracellular ROS level on leucocytes

The antioxidant activity of NL13 was determined using 
intracellular fluorescent probe assay [17, 26] on human leu-
cocytes. Hydrogen peroxide was added as a radical generator 
and the ability of NL13 to remove the generated oxidative 
stress was measured using multimode microplate reader 
(Thermo Scientific) with excitation λ = 498 nm and emis-
sion λ = 530 nm. Cells were seeded in a 96 well plate and 
were incubated with 10 μM DCFDA. The reaction mixture 
was prepared by adding 20 μl of 30% H2O2 in each well and 
was incubated for 30 min along NL13 at different concentra-
tion (250 to 7.8 µM) at 37 °C. Further, 2 h incubation, the 
readings were recorded and the images were observed under 
fluorescence microscope (Leica) at 10X objective.

Effect of peptide on cell line by MTT assay

The cytotoxicity impact of NL13 peptide was also tested on 
VERO cells (fibroblasts) obtained from the kidney cells of 
African green monkey (Cercopithecus aethiops) using MTT 
assay [27]. The cells were acquired from National Centre for 
Cell Science (NCCS), Pune. The cells were seeded in 96 well-
plated microplates (1 × 106 cells/well) and kept in 5% CO2 
incubator at 37 °C for 48 h and allowed them to develop 80% 
confluence. The medium was then substituted and the cells 
were treated with NL13 at different concentration (7.8, 15.6, 
31.2, 62.3, 125 and 250 μM) and incubated for 24 h. The 
absorbance was read spectrometrically at 570 nm employing a 
LIZA microplate reader. Morphological modifications of con-
trol cells and treated cells were noted beneath inverted mag-
nifying lens (Magnus, INVI, Noida) and were photographed. 
Percentage of cell viability was calculated using the following 
equation: cell viability (%) = (ODSample/ODControl) × 100.
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In‑vitro scratch assay

VERO cells were seeded in 6-well plates (6 × 105 cells/well) 
and grown in optimum crop conditions until a confluence of 
90% was reached [28]. In cell monolayer, a scratch was made 
by a P10 pipette tip, to impersonate an injury to imitate a 
wound, and cell debris was evacuated by washing with new 
medium. The wound was exposed at 37 °C in a humidi-
fied atmosphere of 5% CO2 for 48 h. Scratch wound closure 
was analyzed beneath the inverted magnifying instrument 
(Magnus INVI, Noida) prepared with a computerized CCD 
camera, by securing computerized pictures at distinctive 
time 0 h (T0), 24 h (T1) and 48 h (T2) (static imaging). The 
closure of the scratch was measured by determining the con-
trast between the wound width at T0 and T1/T2, utilizing the 
ImageJ preparing program. Peptide free media was used as 
a control.

Statistical analysis

The values provided in the study is the average of three rep-
licates ± standard deviation. All the statistical studies were 
performed utilising Bonferroni post hoc test and Turkey’s 
multiple comparison analysis at the importance level 5% and 
1% in Graph Pad Prism 5.0.

Results and discussion

Expression of ApAHc on sulphur stress of A. platensis

To understand the growth pattern of spirulina cells at sul-
phur stressed condition in modified Zarrouk medium was 
measured by real time PCR analysis. The mRNA expression 
of ApAHc was analysed at different interval of time (0, 5, 10, 
15 and 20 days). However, it was found that there was signif-
icant (P < 0.01) higher expression of ApAHc on day 10 fol-
lowed by day 15 (P < 0.05). On day 20, it was observed that 
the ApAHc expression was nearly to the basal level (Fig. 1). 
Sannasimuthu et al. noticed the highest expression in spir-
ulina due to H2O2 stress on day 5 [17]. Moreover, Leal et al. 
[27] observed downregulation of AHc which leads to tumo-
rigenesis. In contrast, overexpression of AHc in HEK293 
cells affected the adenosine level, DNA methylation and cell 
viability [29]. In our study, we observed the highest expres-
sion on day 10 in ApAHc due to the stress influence.

Bioinformatic characterisation of ApAHc

Analysis of ApAHc whole sequence

The cDNA sequence ApAHc obtained from the earlier con-
structed transcriptome of A. platensis [20] was submitted 

to EMBL database under the accession No. LT838802. The 
physio-chemical properties of ApAHc were determined by 
DNAssist software (ver. 2.2). The obtained results data signi-
fied that ApAHc has a coding region of 1281 base pairs, that 
encodes a protein of 426 amino acids capable of 46.509 k Da 
as molecular weight and 5.53 as isoelectric point (pI). The 
amino acids consist of three domains namely S-adenosyl 
homocysteine hydrolase coenzymes transport metabolism as 
the biggest domain (9Lys–Thr425), S-adenosyl-l-homocyst-
einehydrolase (10Tyr–Thr425) and S-Adenosyl homocysteine 
hydrolase NAD-binding site catalytic domain (19Pro–Trp421) 
with four different motifs which forms the NAD binding site, 
ligand binding site, polypeptide binding site and catalytic 
site (Data shown in E-Suppl. File Fig. 1). S-adenosyl homo-
cysteine hydrolase forms the biggest domain (9Lys-Thr425) in 
ApAHc that is a potent inhibitor of S-adenosyl-l-methionine 
and plays a major role in modulating the methyltransferase 
activity. SabH composed of two domains includes cofactor 
binding domain and substrate-binding domain [30] which 
is present in ApAHc. The homocysteine precursor present 
in the AHc is strongly correlated with cardiovascular dis-
ease and growth of atherosclerosis [31]. However, recently 
reported that AHc also helps in regulating oxidative stress 
level in patients suffering from coronary artery diseases 
and also prevents endothelial dysfunction [32]. Also, defi-
ciency of AHc promotes oxidative stress by decreasing Na+, 
K+-ATPase activity in cerebral cortex of rats by increasing 
S-adenosylmethionine [33].

ApAHc homology search and its phylogeny

The protein sequence of ApAHc was compared with other 
homologous sequences including Planktothrix agardhi, Lyn-
gbya aestuarii, Oscillatoriales cyanobacterium and Nostoc 

Fig. 1   Gene expression patterns of ApAHc by qRT-PCR. Data are 
expressed as a relative fold at different interval of time (0, 5, 10, 15 
and 20 days). Values are shown as mean ± standard deviation of three 
replicates. Single asterisk (*) represents P  <  0.05 and double aster-
isk (**) represents P < 0.01 compared to their respective controls by 
Bonferroni post hoc test in Graph Pad 5.0
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commune. The analysis indicated that the sequences consid-
ered for analysis have potential antioxidant properties by the 
presence of their conserved domains and motifs. Moreover, 
the multiple sequence analysis revealed that ApAHc has 
shown 99, 87.2, 87.06 and 81.1% similarity with the homo-
logues groups including P. agardh, L. aestuarii, O. cyano-
bacterium and N. commune, respectively (Data shown in 
E-Suppl. File Fig. 2). Multiple sequence analysis was done 
by grouping other cyanobacteria like P. agardhi [34], L. aes-
tuarii, O. cyanobacterium and N. commune with A. platensis 
[35, 36] which has been reported to have antioxidant prop-
erty. It is noted that the functional regions of AHc from all 
the species taken for analysis are highly conserved among 
them, which further proved the potentiality of the molecule. 
Also, the homology was highly conserved among the pep-
tide regions (NL13) which was predicted to have potential 
antioxidant property.

The phylogenetic analysis of ApAHc was performed using 
Mega 6.0 that indicates our ApAHc was clustered together 
with other filamentous algae Lyngbye aestuarii and formed 
a sister concern with Planktothrix agardhi. It may due to all 
these organisms fall in the cyanobacterial group. The con-
struction was conducted using Neighbour-Joining method 
with 1000 bootstrap values (Data shown in E-Suppl. File 
Fig. 3). Further, this cyanobacterial group formed another 
cluster with plants; then finally formed a separate cluster 
with animals including fish, amphibians and mammals. 
Overall, the analysis showed the evolutionary relationship 
among the species. It is also meant that the protein plays 
a crucial role in the regulation of abiotic and biotic stress 
response in plants [37] and regulates oxidative stress in ani-
mals [32], which is confirming the clustering pattern due to 
their function that is involved in stress mechanism.

Structural analysis of ApAHc

The two-dimensional structure of ApAHc showed that it 
consists of 182 residues in random coil (42.72%) followed 
by 165 residues in alpha helical region (38.72%) and 79 resi-
dues in extended strands (18.54%) (Data shown in E-Suppl. 
File Fig. 4). Wall et al. reported that any modifications in the 
peptide secondary structure change the capacity of its anti-
oxidant nature. Yuan et al. demonstrated that the antioxidant 
efficiency was decreased when the modifications happened 
in the yogurt peptide α-helical structure; also, the modifi-
cation leads to changes in structural as well as functional 
pattern of β-sheet and random coil configuration, which rep-
resents the importance of secondary structure. Moreover, the 
secondary structure of corn protein hydrolysates was deter-
mined under circular dichroism that shows the lower α-helix 

is the major cause of strong antioxidant activity [38]. In our 
case, the secondary structure of ApAHc has lower α-helix 
(38.72%) than random coil (42.72%) which signifies earlier 
concept that the protein has a potent antioxidant property.

We have also predicted the three-dimensional structure 
of ApAHc using I-TASSER program and the structure was 
evaluated based on the C-score value and Ramachandran 
plot analysis. Based on those, the best model selected from 
the five obtained models which is having 87.7% residues in 
the favourable region, 9% in the allowed region and only 
3.3% in the unfavourable region. The C-score value of the 
best model was calculated as 1.28. Further, the model was 
subjected to PyMoL analysis and highlighted the differ-
ent domain and motifs of ApAHc (Data shown in E-Suppl. 
File Fig. 5). Appaiah and Vasu [40] reported that the best 
model may be selected based on c-score value (− 3.29) 
with TM-Score 0.35 ± 0.12 and RMSD 11.3 ± 4.5 Å. In this 
study, we observed the best c-value among the five model 
was −  5 and its respective TM-score (0.88 ± 0.07) and 
RMSD (4.4 ± 2.9Å) score signifies the model have higher 
confidence.

Peptide characterisation

Based on the highly conserved regions, a peptide sequence 
83NPLSTQDDVAASL95 named NL13 was obtained from 
the ApAHc protein which predicted with antioxidant prop-
erties. The HPLC analysis showed the purity of the peptide 
as 96.2% followed by the MALDI-TOF Mass spectroscopy 
confirmed the sequence. The molecular weight, isoelectric 
point and net charge of the peptide was 1.33 k Da, 0.54 and 
− 2, respectively. Moreover, the peptide signifies the hydro-
phobicity 46.15%, acidic nature 15.33% and neutral nature 
38.46%. The helical wheel structure projects the amphipathic 
nature of NL13 which is possessed with both hydrophobic 
and hydrophilic nature (Data shown in E-Suppl. File Fig. 6). 
Branched-chain amino acids including leucine, valine and 
isoleucine have found to be used as an antioxidant or anti-
inflammatory products in the pharmaceutical industry [39]. 
Potential amino acids have shown strong antioxidant activity 
in Leucine than Isoleucine in Corn protein hydrolysates [38]. 
In accordance with the statement, our peptide NL13 also 
contained leucine (position 3 and 13) and valine (position 9) 
which predicted its potential antioxidant properties. Further 
Wattanasiritham et al. [20] reported that along with leucine 
and valine, alanine exhibit a higher antioxidant activity. It is 
noted that in our peptide sequence position 10 and 11 was 
occupied with alanine, position 3 and 13 was occupied with 
leucine and position 9 by valine. Proline has been consid-
ered as a non-enzymatic antioxidant residue because it is 
an efficient scavenger of OH· and 1O2; that also prevents 
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the damage due to lipid peroxidation [40]. It is interesting 
to note that NL13 contained proline at position 2, hence it 
is expected to function as reported. Moreover, antioxidant 
properties are also based on the hydrophobicity and the pres-
ence of aromatic amino acids. Also, it is reported [22] that 
the peptides with more than 1 k Da have found to show the 
highest antioxidant activity in African Bean seed protein 
hydrolysate fractions, which is relevant to our peptide, NL13 
that is having a molecular weight of 1.33 k Da.

Antioxidant property of NL13 peptide

DPPH assay

Ethanolic DPPH absorbance level for DPPH radical scav-
enging was found significantly (P < 0.05) more (67.6 ± 1.86) 
at higher concentration of the peptide (250 µM) and less 
(23.9 ± 0.91) at lower concentration of peptide (7.8 µM), 
whereas Trolox showed significantly (P < 0.05) higher activ-
ity (96.5 ± 0.67) at higher concentration (250 µM) and lower 
(75.35 ± 1.86) at lower concentration of the peptide (7.8 µM) 
(Fig. 2a). Mostly free radicals showed higher activities and 
remain for a shorter period of time but DPPH remains stable 
at room temperature [23]. Similarly, Xie et al. [41] reported 
that the highest antioxidant activity was found 80% at 16 mg/
ml which was similar to GSH at 0.4 mg/ml. Moreover, San-
nasimuthu et al. [22] also showed that the LL12 peptide from 
A. platensis has high radical scavenging activity at higher 
concentration of the peptide, likewise in the lower con-
centration of the peptide. However, considering the earlier 
reports, NL13 produced a better radical scavenging activity.

ABTS assay

The ABTS (2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic 
acid) radical assay utilises the coloured cationic radicals 
(ABTS) to check the capacity of antioxidants to quench the 
radicals [42]. It works on the principle that metametmyo-
globin-hydrogen peroxideutilized generated hydroxyl radi-
cals, that react with ABTS to form cation radicals. The assay 
exhibited significantly (P < 0.05) higher antioxidant activity 
(80.47 ± 1.47) at the concentration of 250 µM NL13 and 
lower antioxidant activity (41.07 ± 0.72) at the concentra-
tion of 7.8 µM NL13, however both the obtained high and 
low activity readings was not greater than the Trolox level 
(Fig. 2b). Recently reported, GM15 peptide derived from 
cyanobacteria exhibited 70.18 ± 1.1 at 6.25 µM [17]. How-
ever, NL13 peptide showed comparatively lower activity 
(41.07 ± 0.72) at similar concentration 7.8 µM. Peptides with 
dominating amino acids including Glu (19.51%), Lys (7.6%), 
Pro (7.3%) and least amount of Ser (1.5%), Trp (1.3%) and 

Cys (0.5%) exhibited to have high scavenging free radicals 
[43]. The negatively charged amino acids such as glutamic 
acid and aspartic acid also provide free radical to quench 
activity by its excess electrons [44]. NL13 is dominated by 
antioxidant amino acids with Asp (15.4%), Ala (15.38%), 
Leu (15.4%), Ser (15.4%) with other least amount amino 
acids Pro (7.7%), Val (7%) together with it have contributed 
towards the antioxidant property. It is reported that the pres-
ence of Pro-Leu and Ser-Leu motifs particularly at N and C 
terminal has seemed to show more scavenging activities, 
which is in accordance with our results.

Hydroxyl radical scavenging (HRS) assay

The hydroxyl radical scavenging assay was performed to 
analyse the effect of NL13 peptide on the hydroxyl radi-
cal trapping potential. In a biological system, hydroxyl 
radical acts as a highly reactive free radical that can dam-
age molecules including DNA, lipids and proteins which are 
found in the living system [45]. In this study, NL13 showed 
87.4 ± 0.88 at the concentration of 250 µM and 57.63 ± 1.55 
at the concentration of 7.8  µM (P < 0.05), whereas the 
Trolox showed 91.8 ± 2.28 at the concentration of 250 µM 
and 75.066 ± 1.8 at the concentration of 7.8 µM (Fig. 2C). 
Similarly, Xie et al. [41] reported that soy proteins hydro-
lysates have found to show the highest hydroxyl scaveng-
ing activity which is in accordance with our findings. Sun 
et al. [46] also reported that PHH-IV peptide derived from 
Procine haemoglobin hydrolysate less than 3 kDa exhib-
ited the highest antioxidant capacity compared to the other 
peptides derived with higher molecular weight. Proline is a 
very effective scavenger of hydroxyl ions and peptide NL13 
contains Proline (7.7%), it is predicted that the highest activ-
ity may be due to the presence of Proline. It is known that 
excess hydroxyl radical causes damage in biological system, 
it has been maintained at an optimum level. Considering 
the statement, it is suggested that NL13 could act as radical 
scavenger for hydroxyl radicals, so as to protect from oxida-
tive damage.

Superoxide anionic radical scavenging assay

Superoxide anion radical is highly toxic that produced 
in different cellular reactions and acts as a weak oxidant. 
Also, a basic radical lead to the formation of singlet oxy-
gen and hydrogen peroxide. Superanion oxide which is 
derived from the dissolved O2 in Phenazine methosul-
phate/Nicotinamide adenine dinucleotide coupling reac-
tion leads to reduction of NBT [47]. The reaction with 
NL13 has shown a decrease in the absorbance and indi-
cated that the antioxidant capacity may be consumed or 
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Fig. 2   Radical scavenging ability of NL13 peptide was compared 
with that of standard antioxidant Trolox. a 2,2-diphenyl-1-picryly 
hydrazyl assay on DPPH radical, b 2,2-azino-bis-3-ethylbenzothiazo-
line-6-sulfonic acid assay on ABTS radical, c hydroxly radical scav-
enging assay on hydroxyl ions, d superoxide anion radical scavenging 
assay on superoxide anion radical and e nitric oxide assay on Nitric 

oxide radical at different concentration. The single asterisk (*) and 
double asterisk (**) denotes the significant different between control 
(Trolox) and treatments (NL13 conc. 250 to 7.8 µM) at P < 0.05 and 
P < 0.01 level by Borferonni post Hoc test. All values were given in 
mean of three replicates ± standard deviation
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inactivated by superoxide anion radicals developed during 
the reaction. The reaction mixture with peptide was found 
to be 84.45 ± 0.98 compared to Trolox 87.74 ± 2.3 at the 
peptide concentration of 250 µM (Fig. 2d). Whereas, at 
lowest concentration (7.8 µM) the activity in the treat-
ment was 17.69 ± 0.933 and in Trolox it was 24.57 ± 0.57 
which is significantly (P < 0.01) better than the treatment. 
According to Suetsuna et al. the presence of Glycine and 
Leucine residues has contributed to higher superoxide ani-
onic radical scavenging rate in the peptide derived from 
Caesin [48]. In our sequence, it was noticed that the pres-
ence of leucine (15.4%) in NL13 may have contributed 
towards the better scavenging activity.

Nitric oxide assay

Nitric oxide is an intense pleiotropic among different physi-
ological activities. It is a diffusible free radical, which plays 
numerous roles as an effector particles in various organic 
frameworks. Antioxidant activity was estimated 65.7 ± 0.48 
(250 µM) in Trolox and in NL13 it was 57.69 ± 0.81, which 
is comparatively significant (P < 0.05). However, at lower 
concentration (7.8 µM), NL13 did not show any potential 
nitric oxide scavenging activity (8.353 ± 0.33) (Fig. 2e). 
Tsikas reported that the generation of nitric oxide due to 
the interaction of oxygen with sodium nitroprusside that is 
producing nitric ions by Griess reaction, further the diazo-
tization of nitrate with sulphanilamide and coupling with 
NEED involved in the reaction mixture, thus reducing the 
damages [49].

Cytotoxicity assay on human whole blood 
and intracellular ROS on leucocytes

Haemolytic assay was performed on human whole blood 
cells. Haemolysis of whole blood cells was done at higher 
concentration of peptide and compared with Triton X-100 
as positive control and PBS as a negative control. NL13 
showed significant (P < 0.01) difference with Triton X-100 
and no lysis was observed even at higher concentration 
(Fig. 3). Cytotoxicity of the blood is an important parameter 
for peptide therapeutic applications [50], hence the assay 
was performed on Human whole blood that showed no hae-
molysis of blood even at higher concentration (250 µM).

Intracellular ROS was performed using DCF assay dye 
and H2O2 was used as a radical generator which provides 
oxidative stress to the leucocytes. In this assay, we employed 
fluorometric study to analyse the percentage of intracellular 
ROS production at different concentration of peptide, thus 
determining the reduction in ROS production. Scavenging 

of ROS production was found at different concentration of 
NL13 where the highest (60.52%) was observed at 250 µM 
which significantly (P < 0.05) decreases (52.65%) at 
31.2 µM. Cells stained with DCFH-DA colour were treated 
with different concentration of NL13 (62.3, 125 and 250 µM) 
and observed beneath a fluorescence magnifying instrument 
and the result was compared with the control group (Fig. 4). 
ROS production was more (20%) in THP-1 and L-6 at lowest 
concentration (10 µM) [26] which is comparatively higher 
than NL13, however in NL13 the scavenging activity was 
high at higher concentration (250 µM). Sannasimuthu et al. 
[20] showed scavenging activity even at lower concentration 
(12.5 µM) of spirulina peptide, but in our case the peptide 
function in a dose dependent manner on leucocytes. 

Cell viability and wound healing activity on VERO 
cells

Cell viability assay was performed on VERO cells using 
MTT assay and found that NL13 was safer (Fig. 5). In this 
study, we noticed that NL13 did not show any cytotoxic-
ity even at the high concentration (250 µM). It indicates 
the safeness of peptide for therapeutic usages. Therefore, an 
optimum concentration of peptide (31.2 µM) was selected 
for the further study. Inflammation, cell proliferation and 
remodelling are the stages of wound healing. Formation 
of epithelial cells at the edges of the wounds include the 
keratinocytes formation and construction of the basement 
membrane. 

Fig. 3   The haemolytic assay performed on human whole blood with 
Triton-X as positive control and PBS as negative control. Values are 
shown in mean ± SD of three replicates. The double asterisk (**) rep-
resents the significance (P < 0.01) of peptide (conc. 250  µM) com-
pared with Triton-X measured using Tukey’s Multiple Comparison 
Test using Graph Pad Prism 5.0
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Fig. 4   Reduction in intracellular ROS production in human leuco-
cytes by NL13 peptide after stimulation with DCF dye as Hydrogen 
peroxide as free radical generator. Microscopic images (magnifica-
tion = 10× and Scale bar = 100 µm) taken at different concentrations: 
a Control (without treatment), b NL13 at 250 µM, c NL13 at 125 µM, 

d NL13 at 62.3 µM, e fluorometric analysis of different concentration 
of peptides against ROS production. Single asterisk (*) represents 
P  <  0.05 compared to the control by Tukey’s Multiple Comparison 
test in Graph Pad 5.0. The values were provided in mean of three rep-
licates ± standard deviation
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In our study, cell migration assay on VERO cells was 
performed at two different interval of time (24 and 48 h) 
and compared the results where the cells were treated 
with NL13 peptide and control (without NL13 peptide). 
The cell migration was noticed at 24 h (31.02%) in treat-
ment and in control it was only 17.24%, whereas at 48 h 
the scenario was 82.76% in treatment and in control it 
was 62.07%. The cell migration rate was significantly 
(P < 0.05) higher in treated group than the control group 
(Fig. 6). Lee et al. [51] reported that HaCaT assay on 
AES16-2 M peptide showing effective cell migration at 
16 h, in our case it was 24 h. However, the cell migra-
tion for NL13 was effective at 24 h of treatment. In com-
parison with the treated and untreated cells, the peptide 

treated cells are showing significantly faster relief than the 
untreated cells, thus the peptide NL13 effectively function 
on wound healing process. Effective wound healing activ-
ity was observed in peptides C2 and E1 on VERO cells 
[52]. Amino acids such as argenine and glutamine influ-
ences the wound healing activity by functioning through 
the immune system [23]. Proline is an amino acid that is 
present in collagen which is an essential connective tis-
sue protein accelerating healing effects [53]. It has been 
reported that glycine, proline, hydroxyproline and alanine 
are the largest collagen molecules followed by serine, thre-
onine, aspartic acid and Glutamic acid [54, 55]. NL13 has 
proline (at position 2), alanine (at position 10 and 11), 
serine (at position 4 and 12) and threonine (at position 5). 

Fig. 5   NL13 induced cell viability assay. VERO cells (1 × 106 cells/
well) were seeded onto a 96 well-plate and incubated for 24 h with 
NL13 peptide at different concentration (250–7.8  µM). Microscopic 
images (10×) were obtained for Control (a), lowest peptide concen-
tration treated (7.8 µM) (b) and highest concentration peptide treated 

(250  µM) (c). d MTT assay was performed on VERO cells with 
NL13 peptide at different concentration (250 - 7.8  µM) where PBS 
served as control. Bar diagram was showed the cell viability against 
different concentration of peptide measured in Microplate Reader 
(n = 3)
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Fig. 6   NL13 peptide influence 
VERO cell migration. VERO 
cells were treated with NL13 
at an optimum concentration of 
31.2 µM and control (Peptide 
free medium) was maintained 
for 0, 24, and 48 h. The images 
were photographed at mag-
nification of 10X. The area 
of wound was measured by 
Image J and the Wound healing 
percentage was calculated as 
the ratio of the remaining area 
to that at 0 h (n = 3) which was 
given in the line graph. Single 
asterisk (*) represents P < 0.05 
compared to their respective 
controls by Bonferroni post hoc 
test in Graph Pad 5.0
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The presence of these amino acids may have influenced the 
wound healing activity on VERO cells. Also, since NL13 
peptide was found to reduce the ROS production on human 
leukocytes which could also have influenced to increase 
the cell migration rate on VERO cells. 
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