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Purpose: To obtain protein hydrolysates from fresh water green algae Scenedesmus obliquus by three dif-
ferent enzymes and evaluate its antioxidant and antiviral activity.
Methods: Enzymatic hydrolysates of green algae Scenedesmus obliquus protein were prepared by treat-
ment with: 1.2% solution of pepsin, trypsin or papain. Protein was extracted from S. obliquus by three dif-
ferent extraction methods. Protein extracts and hydrolysates were assessed from stained gels following
SDS–PAGE of samples. Antioxidant activity of protein hydrolysates was investigated.
Results: S. obliquus cells and protein extracts were rich in Arg, Lys, Asp, Ala, and His. Protein hydrolyzed
by papain (Sd1pa) and protein hydrolyzed by trypsin (Sd2Try) induced highest antioxidant activity based
on 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical-scavenging (41.41% and 40.62%) respectively, and on
2,20-azinobis 3-ethyl-benzothiazoline-6-sulphonate (ABTS) radical (87.03% and 45.12%) respectively, at
150 mg/ml. The inhibitory effect and mode of action of protein hydrolysates were evaluated against
Coxsackie B3 virus (CVB3). Protein hydrolyzed by papain (Sd2pa) and protein hydrolyzed by pepsin
(Sd1pep) at 100 mg/ml exhibited antiviral activity (66.2% and 57.6%, respectively), against (CVB3) from
all protein hydrolysates.
Conclusion: S. obliquus protein hydrolysates have a potential as antioxidative neutraceutical ingredients
and a potential therapeutic agent against CVB3.
� 2018 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

The biotechnology involving microalgae have great evolution in
early 1950s with developments in processing technologies relevant
to the industrial applications of certain metabolites. The environ-
mental and nutritional supplies alter the cell composition inducing
the production of specific metabolites that are used for different
industries. Different microalgae strains awake or acquire more
attention for its ease in cultivation, economically credible advan-
tages, and high biomass productivity [1]. Green microalgae are uni-
cellular, eukaryotic, photosynthetic microorganisms living in fresh,
saline or brackish water environments. Green algae (Chlorophyta)
contain chlorophyll A and B, and chloroplasts responsible by pho-
tosynthesis and pyrenoids which are involved in the storage of
starch. The formation of this storage product occurs in chloroplast
instead of cytoplasm; differing from other eukaryotic algae. They
express exclusive features to produce pharmaceuticals, nutraceuti-
cals, cosmetics and biofuel manufacture due to its components as:
proteins, essential amino acids, fatty acids, pigments, vitamins and
other bioactive compounds [2].

The genus Scenedesmus is the common green algae, that often
occurring as unique population in plankton. Cells in the colony
occur in multiples of two with four or eight cells being most com-
mon. The species differ mostly in the texture of the wall, the num-
ber and type of spines on the cells. The uni-nucleate cells have a
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single laminate chloroplast. The morphology of the colony can
vary, by varying the medium in which the cells are growing [3].

Enzymatic protein hydrolysates can be obtaining from tradi-
tional sources by using papain, pepsin, and trypsin [4]. Protein
hydrolysates have many advantages such as using it as protein
supplement in food and drinks. It can be used for individuals
who suffer from digestibility problems such as gastrointestinal
malfunction or cystic fibrosis, [5]. For the growing demand of glo-
bal population there are considering the need of alternative sus-
tainable food sources, microalgal hydrolysates are also emerging
as promising functional protein nutrition products [6,7].

The aim of this study was to cultivate S. obliquus in large scale to
obtain protein hydrolysates produced by enzymatic hydrolysis
using (pepsin, papain and trypsin). Identification of protein and
peptides contents, were conducted by means of its amino acid pro-
file. SDS–PAGE for S. obliquus and its protein hydrolysate was
applied to recognize their molecular weights. Estimation of antiox-
idant and antiviral activity for all protein hydrolysates were per-
formed by DPPH and ABTS methods.
2. Materials and methods

2.1. Algae source

Scenedesmus obliquus (Turpin) Kützing was obtained was
obtained from the Culture Collection of Texas University, Austin,
Texas, USA, and the Culture developed at Plant Biochemistry
Department, National Research Centre. Cairo, Egypt.

2.2. Cultivation conditions

The culture of S. obliquus was initially inoculated in Bold Basil
Media (BBM), by adding the microalgae into eight culture flasks
(2 liters each) from the stock (Optical density at 620 nm = 0.20)
to get 10% suspension of S. obliquus. All the flasks were kept under
of direct fluorescent light exposition. The culture flasks were con-
tinuously aerated using electric aerator. Samplings were taken
every 48 h from each flask to observe cell density, chlorophyll A
content, and optical density of culture media. The amount of
inseminated S. obliquus in samples was 5 mg dried substance per
2 liter of the Bold basal medium (BBM) (Table 1) was used as con-
trol medium [8]. The algae were cultured at optimal conditions
using mono white color (3500 ± 350 Lux) with a photoperiod of
24 h, at 28 ± 2 �C and pH = 7.5–8 [9]. The S. obliquus were collected
Table 1
Composition of Bold Basal medium (BBM) for Scenedesmus culture.

Chemicals/
Compounds

Concentration in stock
solution (g l�1)

Amount in culture
medium (ml l�1)

NaNO3 25 10.0
MgSO4. 7H2O 7.5 10.0
NaCI 2.5 10.0
K2HPO4 7.5 10.0
KH2PO4 17.5 10.0
CaCI2. 2H2O 2.5 10.0
Trace elements 1.0
(a) ZnSO4. 7H2O 8.82 –
(b) MnCl2. 4H2O 1.44 –
(c) MoO3 0.71 –
(d) CuSO4. 5H2O 1.57 –
(e) Co(NO3)2.6H2O 0.94 –

H3BO3 11.4 1.0
EDTA-KOH solution 1.0
(a) EDTA Na2 50 –
(b) KOH 31 –

FeSO4�7H2O 4.98 1.0
Conc. H2SO4 1.0 ml. l�1 1.0
from the medium after 14 days when they were at the end of their
logarithmic growth phase and when they were at their maximum
nutritional value and density.

2.3. Growth measurement

Biomass concentration (g l�1) was calculated by measuring
optical density at 620 nm to produce a standard curve relating
dry weight of S. obliquus biomass (g l�1) to optical density. To mon-
itor biomass changes in cultures, samples were taken every 48 h
using aseptic technique [10].

2.4. Harvesting

At the end of each batch run, replicate cultures were pooled, fil-
tered, washed with distilled water to remove soluble salts, cen-
trifuged at 4830g for 15 min at 4 �C and frozen at -25 �C.

2.5. Determination of dry weight

A known weight of cells (0.5 g) was dried at 100 �C for 16 h,
after filtration and washing, the filter paper was placed in desicca-
tors and cooled to room temperature. The mass was recorded by
using analytical balance until constant weight [11].

2.6. Specific growth rate

The specific growth rate (SGR) (mg/day) of cultured S. obliquus
was calculated by Eq. (1) [12]:

SGRðrmug=dayÞ ¼ lnðX1 � X2Þ=t2 � t1 ð1Þ
where

X1 = Biomass concentration at the end of selected time interval.
X2 = Biomass concentration at the beginning of selected time
interval, and
t2–t1 = Elapsed time between selected times in the day.

2.7. Chlorophyll A

Optical densities of the prepared samples were determined at
664, 647 and 630 nm wave length by using UV spectrophotometer.
A blank with 100% acetone was run simultaneously. Chlorophyll A
content was calculated by Eq. (2) [13]:

Chlorophyll Aðmg=lÞ ¼ 11:85ðOD 664Þ � 1:54ðOD 647Þ
� 0:08ðOD 630Þ: ð2Þ
2.8. Extraction of protein

Protein was extracted from S. obliquus by means of two extrac-
tion methods:

2.8.1. Extraction with SDS-mercaptoethanol
Fresh algae (0.1 g) was mixed with the sample buffer consists

of: 10% w/v SDS, 10 mM b-mercaptoethanol, 20% v/v glycerol,
0.2 M Tris–HCl (pH 6.8), 0.05% w/v bromo-phenol blue. Urea
(8 M) should add for really hydrophobic proteins. Heat sample
by boiling for 5–10 min. Later, this extract (SDS/ME) used for
electrophoresis analysis [14].

2.8.2. Extraction with NaOH, 2 mol/l, pH 12 with neutralization
Freeze-dried biomass (0.5 g) was added to 25 mL, 2 mol/l NaOH

solution and then stirred for 2 h at 40 �C. The supernatant was sep-
arated from the pellet by centrifugation at 13,416g for 10 min at
20 �C and adjusted to pH 3 with HCl 1 mol/l in order to precipitate



Abd El-Moneim M.R. Afify et al. / Journal of Genetic Engineering and Biotechnology 16 (2018) 399–408 401
the proteins. The protein isolate (Sd1) was collected after centrifu-
gation at 13,000g for 10 min at 20 �C and the pellets were neutral-
ized with NaOH 0.1 mol/l [15]. Samples were taken for protein
analysis. Solubilized protein was dialyzed against water for 24 h.
2.8.3. Extraction with NaOH, 2 mol/l, pH 12
Protein was extracted using the alkali solubilization method

described by Hultin and Kelleher [16]. The dried algae was mixed
and homogenized with nine parts cold (6 �C) deionized water for
each part of algae using a Bio- Homogenizer at a high speed for
1 min. In the alkaline solubilization step, the pH of the homoge-
nized sample was adjusted to 11.0 using NaOH 2 mol/l and incu-
bated at 4 �C for 30 min. After centrifuging the mixture at
13,416g for 20 min at 4 �C, the supernatant containing the soluble
proteins was separated by centrifugation at 13,000g for 10 min at
20 �C and adjusted to pH 5.5 using HCl 1 mol/l to precipitate the
proteins. The mixture was then centrifuged at 13,416g for 20 min
at 4 �C to recover the proteins in the pelleted material (Sd2).
2.9. Enzymatic hydrolysis

Protein extracts from previous two methods Sd1 and Sd2 were
mixed with 0.05 M phosphate buffer solution (PBS, pH 7.2) at liq-
uid–material ratio 500:1. The mixtures were digested with pepsin,
trypsin and papain 1.2% at 37 and 50 �C, pH 2.0, 7.0, 8.0 respec-
tively, for 2 h [17]. After hydrolysis, the samples were heated in a
boiling water bath for 20 min to inactivate the enzyme. The hydro-
lysates were centrifuged at 13,000g for 15 min and the super-
natants were lyophilized and stored at �20 �C.
2.10. Total nitrogen

The total nitrogen was determined using semi-micro Kjeldahl
method [18]. Approximately 2 g of sample were weighed into a
digestion flask together with a combined catalyst of 5 g K2SO4

and CuSO4 and 15 ml of concentrated H2SO4. The percentage
nitrogen was converted into protein percentage using the conver-
sion factor obtained established for each microalga in previous
study [18].
2.11. Determination of protein by Bradford method

Protein content of all extracts was estimated according to Brad-
ford [19] at 595 nm, using Coomassie brilliant blue G-250 as a pro-
tein binding dye. Bovine serum albumin (BSA) was used as a
protein standard. Protein concentrations in the samples were cal-
culated from the calibration curve, in mg protein in ml extract. From
mg protein versus ml extract calibration curve.
2.12. Amino acid analysis

The procedure for amino acid [aspartic acid (Asp), threonine
(Thr), serine (Ser), glutamic acid (Glu), proline (Pro), glycine
(Gly), alanine (Ala), valine (Val), isoleucine (Ile), leucine (Leu),
phenylalanine (Phe), tyrosine (Tyr), histidine (His), lysine (Lys),
arginine (Arg), methionine (Met) and cysteine (Cys) ] analysis
was essentially the same as reported by Gerloff [20] Small samples
(30–50 mg) were weighed into glass tubes and 2 ml of 6 mol/l HCl
were added for each mg of crude protein (nitrogen � 5.89) in the
samples. Tubes were opened and the hydrolysates were dried at
40 �C in a rotary evaporator. The residue was dissolved in a known
amount of citrate buffer and an aliquot was analyzed for its amino
acid content using a Beckman Spinco amino acid analyzer.
2.13. Electrophoresis

Proteins were separated by 12% PAA using sodium dodecylsul-
phate poly-acrylamide gel electrophoresis (SDS–PAGE) with a Mini
Protean II Dual Slab Cell (Bio-Rad) according to Laemmli [14]. Sam-
ples with protein quantity equivalent were loaded for all variants.
Gels were stained with Coomassie brilliant blue R-250. The mark-
ers used as MW referential are 250, 148, 98, 64, 59 and 36.

2.14. Antioxidant property

The antioxidant property of S. obliquus protein extracts and its
hydrolysates was determined by means of following methods:

2.14.1. Determination of antioxidant activity of protein extracts and its
hydrolysates by DPPH. free radical-scavenging activity

The DPPH. (2,2-diphenyl-1-picrylhydrazyl) free radical-
scavenging activity of S. obliquus samples were determined accord-
ing to the method described by Molyneux, [21]. Briefly, a 0.1 mM of
ethanolic DPPH� solution was prepared. The initial absorbance of
DPPH in ethanol absolute was measured at 517 nm and did not
change throughout the period of assay. An aliquot (0.1 ml) of each
sample (with appropriate dilution if necessary) was added to 3.0
ml of ethanolic DPPH solution. Discolorations were measured at
517 nm after incubation for 30 min in the dark. Measurements
were performed in triplicate. Results were compared with buty-
lated hydroxyanisol (BHA) and butylated hydroxytoluene (BHT)
solutions, used as reference standard. The percentage of DPPH
which was scavenged was calculated using Eq. (3):

Scavenging% ¼ ½1� ðAsample � Ablank=AcontrolÞ� � 100% ð3Þ
Ethanol (3.0 ml) plus sample solution (0.1 ml) were used as a

blank and 3 ml of DPPH–ethanol solution plus absolute ethanol
(0.1 ml) were used as a negative control.

2.14.2. ABTS.+ free radical-scavenging activity
The antioxidant activity of S. obliquus samples was determined

by the ABTS+ (2,20-azinobis(3-ethyl-benzothiazoline-6-sulfonic
acid) radical cation decolorization assay [22], involving preformed
ABTS+ radical. A solution of (7 mM) ABTS was obtained and next
ABTS+ radical was obtained by reacting ABTS with potassium
per-sulfate. Before the assay, the mixture was diluted with ethanol
absolute at a ratio of 1:100 to give an absorbance at k = 734 nm of
0.70 ± 0.02. All samples from S. obliquus were dissolved in ethanol
absolute at a concentration of 50, 100 and 150 mg/ml were added to
ethanolic ABTS+ to measure absorbance after 6 min. Trolox (6-
hydroxy-2, 5, 7, 8-tetramethylchroman-2-carboxylic acid) was
used as antioxidant standard reference. Antioxidant activity mea-
surements were carried out in triplicate and expressed as percent-
age of the absorbance of the uninhibited radical solution according
to Eq. (4):

%inhibitionðrlambda ¼ 734 nmÞ ¼ ð1� Absc=Abs0Þ � 100 ð4Þ
Being:

Absc: Absorbance of ethanolic ABTS.+.
Abs0: Absorbance of samples.

2.15. Antiviral activity

A known weight of protein extracts of S. obliquus and its hydro-
lysates (100 mg) was dissolved in 10% DMSO, (1 ml final volume),
and stored at �20 �C for antiviral test.: For these biological assays,
Coxsackie B3 virus (CVB3) (Nancy strain) was obtained from Dr.
Mohamed Naser, Slovak Medical University, Slovakia Republic.
The CVB3 virus was cultured and propagated in a cell culture



Table 2
Specific growth rate (mg/day) of cell, chlorophyll a (chll-a) and total biomass (mg/l) of
Scenedesmus obliquus grown in BBM.

Parameter Scenedesmus obliquus

SGR of cell 0.039 ± 0.01 mg/day
SGR of Chll-a 2.7 ± 0.01 mg/day
%N 6.91 ± 0.014
%Crude protein 40.69 ± 0.021
N-T-P factora 5.89
Total biomass 411.16 mg/l

a N-T-P: nitrogen to protein factor.
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medium and stored in small aliquots at �70 �C for use in research
at Virology Lab at NRC, Egypt. Cell line: Vero cell line obtained from
Holding Company for Biological Products and Vaccines, Egypt in
75 cm2 tissue culture flasks as monolayer sheets. This cell line
was cultured in Dulbecco’s Modification of Eagle’s Medium
(DMEM).

2.15.1. Determination of viral titer
Using Endpoint (limiting) dilution method, stock of viral solu-

tions (100 ml) was tenfold dilute. Confluent cells (104 cells/well)
prepared in 24-well plates were inoculated with 100 ml of each
dilution in quadruple. The plates of inoculated cells were then
incubated at 37 �C (5% CO2) and observed daily for development
of characteristic cytopathogenic effect (CPE). The lowest dilution
of viral stock suspension that could still induce 50% of a CPE was
taken as the maximum dilution that would lead to infection. Med-
ian tissue culture infective dose (TCID50) as it was the minimum
concentration of virus required to detect viral CPE, and gave a
rough indication of the overall concentration of virus present
within the stock suspension. And the endpoint dilution, which
expressed as TCID50/ml, calculated by using Reed-Muench
formula [23].

2.15.2. Cell lines toxicity to tested metabolites
Different dilutions of tested S. obliquus samples were added to

evaluate the cytoxicity. Thus, the maximum concentration of
tested extracts at which the cells displayed no morphological
changes was determined to ensure that all morphological changes
recorded due to the activity of the virus and not to the test com-
pounds. Vero cell suspensions (100 ml) were seeded in 96-well
plates and left in 5% CO2 incubator at 37 �C for 24 h. Once conflu-
ent, different dilutions from 0% to 100% of tested extracts diluted,
in maintenance medium were added. The plates were then incu-
bated at 37� C (5% CO2) for a few days and observed daily for
changes in cellular morphology. Evidence of morphological
changes (such as loss of monolayer, granulation, and vacuolization
in cytoplasm) were recorded using the CPE scoring system.

2.15.3. Mode of action of extracts against Coxsackie B3 virus using CPE
inhibition assay
2.15.3.1. Cytopathic effect (CPE) inhibition assay. Vero confluent 24-
well plate were infected with 100 ml of stock Coxsackie B3 virus for
90 min at 37 �C. Virus was removed and 100 ml of tested extracts
were added. Four wells were used for each dilution and 1000 ml
of maintenance medium added per well. Then plats were incu-
bated until complete CPE observed through 3 days. Antiviral activ-
ity was determined by the inhibition of CPE compared to control,
expressed through formula of Reed and Muench [23].

2.15.3.2. Effect of tested extracts before virus infection. Confluent
monolayer of Vero cells was grown in 24-well plates and inocu-
lated with 100 ml of tested extracts for 90 min at 37 �C in 5% CO2

incubator. Four wells were used for each dilution. The medium
was aspirated and 100 ml of Coxsackie B3 virus were inoculated
and incubated for 90 min at 37 �C in 5% CO2 incubator. Then
1000 ml of maintenance medium were added and further incuba-
tion time for 3 days at 37 �C in 5% CO2 incubator. Antiviral activity
was determined by the inhibition of CPE compared to control [24]
and expressed through formula of Reed and Muench [23].

2.15.3.3. Effect of tested extracts on viral attachment. Coxsackie B3

virus (100 ml) was inoculated with equal volume of tested extracts
for 90 min at 37 �C in 5% CO2 incubator. Mixed suspension (100 ml)
was added to confluent monolayer of HEp-2 cells which were
grown in 24-well plates. After 90 min of incubation for virus
adsorption, mixed suspension was replaced by 1000 ml of
maintenance medium. Four wells were used for each dilution.
The plates were incubated for 3 days until CPE was observed.
Antiviral activity was determined by the inhibition of CPE com-
pared to control and expressed through formula of Reed and
Muench [23].

2.15.3.4. Effect of tested extracts post-Coxsackie B3 virus infec-
tion. This experiment was carried out as stated in the above sec-
tions with the following differences: Confluent of HEp-2 cell line
was grown in 24-well plates and treated with 100 ml of Coxsackie
B3 virus for 90 min. Cells were washed and overlaid with 100 ml
of different dilutions of tested extracts. Four wells were used for
each dilution. Then, 1000 ml of maintenance medium were added.
The plates were incubated for 3 days until CPE was observed.
Determine CPE and viral evaluation following the procedures
described by Reed and Muench [23].

2.16. Statistical analysis

Results are expressed as mean ± standard deviation (SD). Com-
parison between the mean values of different parameters in the
different concentrations was done using one way analysis of vari-
ance (ANOVA). Excel 2010 was used for data analysis. P � .05 was
considered significant. A Pearson product-moment correlation
coefficient was used to describe the relationships between antivi-
ral as well as antioxidant and digestion with enzymes.
3. Results and discussion

In S. obliquus culture, pH of the media increase with the age of
culture and on 14th day, it ranged from 7.3 to 8.5. The SGR, (mg/-

day) of cell and chlorophyll a were recorded in the range of 0.32

to 0.42 and 0.33 to 0.41, respectively [25]. Chlorophyll a content,
which is also directly related to cell density, was also significantly
(P � 0.05) higher for BBM (6.14 mg/l).

3.1. Growth rate, chlorophyll a, total biomass, %N and protein content

Specific growth rate, chlorophyll a, total biomass, %N and pro-
tein content are presented in Table 2. These parameters were
determined every 24 h. Total biomass of S. obliquus was 411.16
mg/l which somehow supported with the findings of Habib, [26].
The pH range (7.03–8.07) of the study reported by Toyub [25] sup-
ported the range (7.00–8.01) observed in present work.

Protein content of S. obliquus was 40.69%. Toyub [25] found the
protein percentage of S. obliquus cultivated in BBM was 34.39%.
This difference may be due to the growth period of algae cells.

As shown in (Table 3), % protein determined through Bradford
method was 34.45% in Sd1 extracted with NaOH pH 12 and neu-
tralized. While, it was 39.55% in Sd2 extracted with NaOH pH 11.
Nevertheless, it can be seen in Table 3 that the amount of amino
acids in all protein extracts was reduced according to the extrac-



Table 3
Protein percentage of Scenedesmus obliquus protein extracts with Bradford assay.

Protein extracts % protein

Sd1 34.45 ± 0.01
Sd2 39.55 ± 0.02
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tion method. It’s noted that the total nitrogen estimation includes
other nitrogenous compounds, such as intracellular inorganic
materials. Pigments, nucleic acids, glucosamine and amines that
could account for about 10% of the overall nitrogen content in
S. obliquus.

3.2. Amino acids content

The amino acid profile for crude S. obliquus and for Sd1 and Sd2
protein extracts are presented in Table 4. S. obliquus was evaluated
Table 4
Amino acids (mmol/100 mg dw) of S. obliquus.

Amino acid Scenedesmus obliquus

Algae Sd 1 Sd 2

Histidine 2.774 2.399 2.037
Arginine 8.6 6.482 7.156
Threonine 2.101 1.692 1.716
Alanine 2.734 1.828 2.091
Proline 0.466 0.334 0.405
Tyrosine 1.34 1.158 1.184
Valine 1.663 1.339 1.416
Methionine 1.602 1.208 1.352
Isoleucine 1.653 1.187 1.008
Leucine 0.857 0.573 0.486
Phenylalanine 1.273 0.914 1.142
Lysine 2.322 2.062 1.889
Aspargine 2.261 2.304 1.956
Aspartic acid 1.714 1.146 0.973
Glutamic acid 1.613 1.01 1.291

Sd1: Proteins were extracted using NaOH pH 12 with neutralization.
Sd2: Proteins were extracted using NaOH pH 12.

Fig. 1. SDS-PAGE profile of Scenedesmus obliquus while,(M) Marker, (SD) Algae extracted
with third method, (Sd1pa)second extract hydrolyzed with papain, (Sd1try)second extrac
third extract hydrolyzed with papain, (Sd2try)third extract hydrolyzed with trypsin, (Sd
as a source of essential (Thr, Val, Met, Ile, Leu) and non-essential
(His, Arg, Ala, Pro, Asp) amino acids. All amino acids were pre-
sented in lower concentrations in Sd1 and Sd2 protein extracts.
The most abundant essential amino acid was lysine, while arginine
was evaluated as the most abundant non-essential amino acid.
And, leucine and phenylalanine were found in the lowest concen-
trations within a group of essential amino acids.

The nutritional quality of a protein is determined basically by
the content, proportion and availability of its amino acids. It can
be seen that the amino acid pattern of S. obliquus compares favor-
ably with that of the reference and the other food proteins [27].
3.3. Electrophoresis protein profiles

In order to evaluate the populations of proteins in different
extracts and to determine their molecular weights under denatur-
izing conditions, electrophoresis was undertaken. Based on the
electropherogram (SDS–PAGE) (Fig. 1), a qualitative comparison
was made between protein extracts patterns obtained from
S. obliquus. The First extract (SD) patterns showed nine major
bands per lane within a range molecular weight varying between
211-kDa and 33-kDa. While the other methods of extraction
obtained four major bands per lane in the second method, molec-
ular weight range from 211-kDa and 69-kDa and the third method
gave seven bands per lane molecular weight range from 217-kDa
and 46-kDa.

Protein hydrolysates obtained from Sd1 by using papain
showed nine major bands per lane, molecular weight range from
224-kDa and 35-KDa. While, hydrolysis with trypsin obtained
eight bands per lane with molecular weight range from: 224-KDa
and 66-KDa. However, hydrolysis with pepsin obtained ten bands
per lane, with molecular weight range from 224-KDa and 46-KDa
(Table 5).

Protein profiles of investigated green freshwater and blue-green
algae are mainly formed by polypeptides associated with
photosynthesis. Protein bands from interval 4–36 kDa are sup-
posed predominantly formed by polypeptides originating from
photosystems I and II. Polypeptides from thylakoid membranes,
with first method,(Sd1) Algae extracted with second method,(Sd2)Algae extracted
t hydrolyzed with trypsin, (Sd1pep)second extract hydrolyzed with pepsin, (Sd2pa)
2pep)third extract hydrolyzed with pepsin.



Table 5
Molecular weight (KD) of protein bands in Scenedesmus obliquus protein extracts and its hydrolysates.

Lanes MARKER SD Sd1 Sd2 Sd1pa Sd1try Sd1peps Sd2pa Sd2 try Sd2 peps

Bands KD

1 250 211 211 217 224 224 224 224 224 224
2 148 154 96 137 129 172 164 132 132 132
3 98 93 80 96 98 132 98 101 101 101
4 64 77 69 86 86 98 86 86 80 83
5 59 61 77 80 86 80 72 72 72
6 36 48 61 72 80 72 67 67 67
7 44 46 66 72 66 44 40 51
8 33 46 66 55 39
9 35 49
10 46
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light-harvesting complex proteins (LHC IIc, LHCPa, LHCPb) and
phytochelatins, and polypeptides of P700-chlorophyll a-protein 1
from photosystem I are displayed as protein bands 8, 10, 15 and
18 kDa; molecular weight 9 kDa could belong to protein
CPIII - Chlorophyll a protein; and the area around 22 kDa may indi-
cate protein CP22 [28–33]. Protein bands around 40 and 70 kDa
may belong to the enzyme magnesium chelatase (termed I and
D); moreover, bands 75 kDa are adherent to protein Toc75
[34,35]. Polypeptides from photosystem I complex (PSI-200) are
commonly displayed as protein bands 58 and 62 kDa [36]. The
presence of bands around 100 and 110 kDa may be induced by
chlorophyll a protein CPIV and P700-chlorophyll a protein 1 from
photosystem I [28,29].
3.4. Antioxidant activity

The antioxidant capacity of protein hydrolysates was deter-
mined by the evaluation of their capacity to scavenge DPPH and
ABTS radicals.

All hydrolysates obtained have the property of scavenging
DPPH radicals (Table 6). DPPH radical-scavenging property ranged
from 30.9% to 41.41% at 150 mg/ml. The highest antioxidant capac-
ities were obtained with samples extracted with the first method
and hydrolyzed with Papain (41.41%) and samples extracted with
the second method and hydrolyzed with Trypsin (40.62%), while
the lowest capacities were obtained for the first and the second
crude protein extracts (33.25%) and (30.9%) respectively.

All protein from S. obliquus and its hydrolysates exhibited good
antioxidant property using the ABTS radical scavenging assay. The
antioxidant property ranged from 36.95% to 68.23% at 150 mg/ml
(Table 7). Pepsin was the enzyme showing the highest antioxidant
property with the first extraction method (68.32%).
Table 6
% Antioxidant activity of Scenedesmus protein extracts and hydrolysates by DPPH
(Data are means of triplicate ± SD.).

Protein extracts &
Hydrolysates

Sample concentrations (mg/ml)

50 100 150

Sd1 27.71 ± 0.47 29.57 ± 0.44 33.25 ± 0.54
Sd1Pa 30.64 ± 0.42 38.84 ± 0.39 41.41 ± 0.41
Sd1Pep 27.63 ± 0.41 32.40 ± 0.60 38.33 ± 0.77
Sd1Try 28.13 ± 0.88 31.18 ± 1.10 37.35 ± 0.13
Sd2 27.99 ± 0.43 29.44 ± 0.22 30.90 ± 0.30
Sd2Pa 28.84 ± 0.73 30.17 ± 0.44 33.67 ± 0.39
Sd2Pep 28.65 ± 0.39 30.11 ± 0.44 33.29 ± 0.28
Sd2Try 30.21 ± 0.33 36.27 ± 0.88 40.62 ± 0.98
BHA (butylated

hydroxyanisol)
88.54 ± 0.020 95.22 ± 0.02 99.41 ± 0.025

BHT (butylated
hydroxytoluene)

85.57 ± 0.025 94.76 ± 0.031 98.15 ± 0.046

Data are means of triplicate ± SD.
The ABTS and DPPH assays are based on electron transfer mak-
ing it possible measure the presence of hydrophilic and lipophilic
antioxidant substances [37,38].

Becker [39], suggesting that all three micro-algal residual bio-
masses represent good nonconventional sources of protein that
can potentially be employed as feedstock for animal and human
consumption. Although further studies are needed to confirm pro-
tein quality, several reports have shown micro-algal proteins to
have a high nutritional value, containing all essential amino acids,
and are a rich source of tyrosine, arginine, aspartic acid, glutamic
acid, and leucine [40–43].

In present work, the antioxidant capacity values found for from
S. obliquus constituents and derivatives by means of the DPPH
method showed the lowest radical scavenging values among the
three antioxidant capacity determination assays. A similar effect
has been previously observed in other studies, in which a diverse
range of phenolic compounds was shown to react slowly with
the DPPH radical reaction [44,45]. The three protein hydrolysates
analyzed exhibited antioxidant property which varied depending
on the determination assay used.

The increase in antioxidant property found in protein hydroly-
sates can be explained, at least partially, by the fact that hydrolysis
of proteins is shown to be necessary for the release of anti-
oxidizing peptides, which are normally inactive within the original
protein [46,47]. The exact mechanism of action of protein hydroly-
sates as antioxidants has yet to be clearly elucidated, but it is rec-
ognized that their bioactivities largely depend on the peptide
structure, hydrophobicity, and type and size of the amino acids
generated during hydrolysis [48–50]. Previous studies have shown
that low molecular weight hydrolysates generally possess higher
radical scavenging capacity than high molecular weight hydroly-
sates [51], since small peptides can more easily access the oxida-
tive mechanism to donate protons to free radicals, and stabilize
Table 7
% Antioxidant activity of Scenedesmus protein extracts and hydrolysates by ABTS
(Data are means of triplicate ± SD).

Protein extracts &
hydrolysates

Sample concentrations (mg/ml)

50 100 150

Sd1 35.96 ± 0.54 53.02 ± 0.92 68.23 ± 0.59
Sd1 Pa 39.50 ± 0.73 57.23 ± 0.35 87.03 ± 0.68
Sd1 Pep 45.97 ± 0.75 56.03 ± 0.25 68.32 ± 0.75
Sd1 Try 41.12 ± 0.80 44.05 ± 0.76 46.14 ± 0.43
Sd2 25.69 ± 0.35 30.70 ± 0.34 36.95 ± 0.08
Sd2 Pa 28.18 ± 0.32 37.68 ± 0.60 38.94 ± 0.14
Sd2 Pep 24.89 ± 0.14 32.94 ± 1.01 41.07 ± 0.02
Sd2 Try 32.02 ± 0.08 37.75 ± 0.25 45.12 ± 0.38
Trolox 92.35 ± 0.020 95.66 ± 0.020 98.23 ± 0.038

Data are means of triplicate ± SD.
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oxygen reactive species through a direct electron transfer, thereby
exhibiting better antioxidant capacity [46,49,52].

The mechanism of action may be that the antioxidant protein
hydrolysates and peptides could easily enter into target organs
through hydrophobic interactions with membrane lipid bilayers
by the aid of their hydrophobicity, where they are able to exert sig-
nificant capacity of scavenging radicals [53].

By assessing antioxidant properties of microalgae protein
hydrolysates, we have demonstrated that the selected microalgae
protein hydrolysates represent a natural source of nutraceutical
compounds that could be exploited for health benefits [54]. The
use of protein hydrolysates as potent bioactive compounds is a
growing field in the development of nutraceutical products, as they
have higher bioactivities than their parent proteins. Several studies
have been conducted to identify bioactive peptides present in pro-
tein hydrolysates [50,54–58].

According to Alem’an [27] all amino acids can generally interact
with free radicals, but the most effective are those containing
nucleophilic sulfur-containing side chains (Cys and Met) or aro-
matic side chains (Trp, Tyr and Phe), which can easily donate
hydrogen atoms. The antioxidant activity followed a sequence
order of Pro-Tyr-Ser-Phe-Lys > Gly-Phe-Gly-Pro-Glu-Leu > Val-
Gly-Gly-Arg-Pro [59] for DPPH, OH radical and ABTS assays.
Table 10
Mode of action of antiviral activity.

Extracts Attachment
inhibition%

Penetration
inhibition%

Adsorption
inhibition%

Sd1pa 65 62.5 54
Sd1try 61 58 41
Sd1Pep 74 70.3 63
Sd2pa 78.3 75.1 56
3.5. Antiviral activity and cytotoxicity of Scenedesmus obliquus protein
hydrolysates

The cytotoxicites of S. obliquus protein hydrolysates for HEp-2
cells were evaluated (Table 8). Subconfluent monolayers treated
with extracts at different concentrations under 6.25 mg/ml and
100 mg/ml did not show any visible changes in cell morphology
or cell density except the first extract hydrolyzed with Trypsin
and Pepsin at 100 mg/ml sample concentration.

Most of protein hydrolysates induced antiviral activity, in low
concentration used in the assays. S. obliquus protein hydrolysates,
exhibited detectable effect against Coxsackie B3 Virus with an inhi-
bitory concentration of 66.2% at 100 lg/ml of the second protein
hydrolysate hydrolyzed with papain (Table 9).

Entero-viruses such as coxsackie virus, poliovirus, and echo-
virus are small, non-enveloped viruses possessing a single-
stranded RNA genome in positive orientation that acts directly as
mRNA in infected cells [60]. Entero-viruses are of high clinical
relevance with coxsackie virus B3 (CVB3), which can cause
Table 8
Cytotoxicities of Scenedesmus protein hydrolysates on HEp-2 Cells.

Extracts Concentration (mg/ml)

100 50

Sd1Pa � �
Sd1Try + �
Sd1Pep + �
Sd2Pa � �

(�) No Cytotoxicity, (+) weak cytotoxicity

Table 9
% Inhibitory activity of Scenedesmus protein hydrolysates (mg/ml) against Coxsackie B3 Vir

Extracts Concentration (mg/ml)

100 50

Sd1pa 57 51
Sd1try 49.3 36
Sd1pep 57.6 46
Sd2pa 66.2 52

Positive control was 106 TCID50/100 ml.
heart-muscle infection, being an important member of this cate-
gory [61]. To date, no effective antiviral therapies have been
approved for either the prevention or treatment of diseases caused
by viruses classified within the Picornaviridae family, including
CVB3, EV71, and HRV [62]. In this regard, many trials have been
conducted to find antiviral components from plants. Such trials
have specifically targeted plants with intrinsic defense mecha-
nisms in the form of secondary metabolites against a broad range
of viral infections, in contrast to adaptive immunity induced in
mammals.
3.6. Mode of action of antiviral activity of Scenedesmus obliquus
protein hydrolysates

For All tested extracts of S. obliquus were observed antiviral
activity more than 50% during virus adsorption step, except Sd2Try
(27.6%) and Sd1Try (41%). Also Sd1Pep and Sd2Pa caused inhibition
during viral penetration step. The others also presented activity in
this stage of the viral cycle, but to a lower degree. However, during
viral attachment step, the antiviral activity was increased more
than in adsorption step and viral penetration step. It is ranged from
74% to 78.3% in Sd1Pep and Sd2Pa, respectively. (Table 10).

However, there have been no previous reports on the antiviral
activity of protein hydrolysates against other viruses included in
Picornaviridae. In the current study, was showed that protein
hydrolysates Sd, Sd1, and Sd2 have evident antiviral activity
against CVB3. It is believed that CVB3 is an etiological agent causing
myocarditis and dilated cardiomyopathy, and outbreaks of CVB3

infection occur worldwide annually [63]. Currently, there are no
effective therapeutic agents against CVB3, and only ribavirin has
been shown to have weak antiviral activity against CVB3 infection
[64–66]. The results of the present study demonstrating the antivi-
ral activities of protein hydrolysates suggest that the compounds
may provide a therapeutic option for the treatment of CVB3
25 12.5 6.25

� � �
� � �
� � �
� � �

us.

25 12.5

26 11.5
.6 16 4
.5 23.5 3.5
.5 29 12.4
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infection; furthermore, the compounds could potentially be effec-
tive against Picornaviridae viruses in general.

One of the most likely modes of action of all these protein
hydrolysates for antiviral activity might be by competitive binding
of it to some regions of the viral spike protein or to cellular sur-
faces, blocking the membrane fusion. In a similar manner, bovine
lactoferrin and peptidic fragments thereof have been described as
Fig. 2. Relationship between antiviral and antioxidant activity by DPPH. (Sd1pa) second
(Sd1pep) second extract hydrolyzed with pepsin, (Sd2pa) third extract hydrolyzed with

Fig. 3. Relationship between antiviral and antioxidant activity by ABTS. (Sd1pa) second
(Sd1pep) second extract hydrolyzed with pepsin, (Sd2pa) third extract hydrolyzed with
inhibitors of early phases of naked viruses, as echovirus, which
interacts in an acidic-dependent manner, characteristic of late
endosomes and lysosomes [66] relevant for the pyknotic via of
viral penetration.

Relationship between antiviral and antioxidant property deter-
mined by means of DPPH and ABTS radicals methods (Figs. 2 and 3)
were shown by Pearson correlation which shows that there is a
extract hydrolyzed with papain, (Sd1try) second extract hydrolyzed with trypsin,
papain.

extract hydrolyzed with papain, (Sd1try) second extract hydrolyzed with trypsin,
papain.
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strong positive correlation (0.953 for DPPH and 0.950 for ABTS),
which means there is a tendency for high concentrations variable
scores go with high antiviral and antioxidant variable scores (and
‘‘vice versa”)
4. Conclusion

In order to characterize S. obliquus protein hydrolysates
obtained in this study, protein hydrolysates gave high antioxidant
activity. These results revealed that S. obliquus protein hydroly-
sates having antioxidant activity as well as antiviral because of
the appearance of amino acid residues such as methionine and
arginine as shown in our results.

In conclusion, the investigations conducted that algal biomass
shows promising qualities as a novel source of protein, its quality
of protein could be increased by treatments with enzymes. We
think our data also demonstrate that antiviral activities are related
to amino acid sequence analysis as well as releasing of small pep-
tides. Therefore, further studies are required to explore the
detailed antiviral mechanisms of S. obliquus protein hydrolysates
as well as to assess in vivo antiviral activity.

A high proportion of hydrophobic amino acids has been
reported in peptides with high antioxidant activity, compared to
other hydrophilic amino acids, which is considered as the key fac-
tor in peptide with high antioxidant activity, compared to other
hydrophilic amino acids, which is considered as the key factor in
peptide ability to scavenge radicals.
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