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Table 1: Chemical composition of substrate and hydrolyzed proteins extracted from sea cucumber and their degree of
hydrolysis (% of dry weight)

Substrate and hydrolysed

. protein moisture ash digested grade
protems
Substrate 1312:02°  017#001°  83.3#04°%  0.83£001°
Protein hydrolysed with Alcalase =~ 71.58+0.162  0.028. £0.001 2 7.38+0.2° 20.18+0.5° 48.37+0.32
Protein hydrolysed with 67.88£0.26%  0.027+0.001%  6.94+0.18>  23.07+1.0%  41.4240.6"

flavourzyme

Different letters in each column indicate significant differences between the data (p<0.05)
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Table 2: Antiviral properties of studied bioactive peptides in two concentrations against Herpes simplex (type 1)
Concentratio

bioactive peptides CC50 1C50 1C50 SI SI
n (mg/ml)

Peptides produced 55 5. 61c 02340012  033+001° 15863405 11056 +0.4°
4 with alcalase

Peptides produced 59 o 656 02140025  0.30£001° 149424519  108.8+1.0°¢

with flavourzyme

Peptides produced ) 511 12 2410,012 0.36£0.012  167.3845.12 1152 +35°
5 with alcalase

Peptides produced

i 38.480.5° 0.24+0.012 0.35+0.012 163.5+2.3° 109.82+1.6 ¢
with flavourzyme

Different letters in each column indicate significant differences between the data (p<0.05).

1: Cytotoxic concentration (mg/ml), 2: Absorption inhibitor concentration (mg/ml), 3: Concentration of replication inhibitor
(mg/ml), 4: Selection index for absorption inhibitor, 5: Selective index for replication inhibitor
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Table 3: Antiviral properties of studied bioactive peptides in two concentrations against Herpes simplex (type 2)
Concentration

(mg/ml) bioactive peptides CC50 1C50 IC50 SI SI
Peptides produced 7 », 090 01850.01°  0.25£0.012 151.541.0° 109.1+0. 8 b
4 W|_th alcalase
Peptides produced o5 5. 15 017+001°  025+0.01°  146.1%2.3° 104.25+1.4 ¢
with flavourzyme
Peptidesproduced 59, 550 02140012 02740018  150.9243.0°  117.97 + 2.6°
5 with alcalase
Peptides produced

. 28.4+0.2° 0.19+0.01° 0.26 +0.012 149.38+1/8 @ 109.15+0.8°
with flavourzyme

Different letters in each column indicate significant differences between the data (p<0.05).

1: Cytotoxic concentration (mg/ml), 2: Absorption inhibitor concentration (mg/ml), 3: Concentration of replication inhibitor
(mg/ml), 4: Selection index for absorption inhibitor, 5: Selective index for replication inhibitor
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Table 4: Antiviral properties of studied bioactive peptides in two concentrations against Chikungunya virus

bioactive
peptides

Concentration

(malmi) CC50

1C50 1C50

Sl

Sl

Peptides
produced with
alcalase
Peptides
produced with
flavourzyme
Peptides
produced with
alcalase
Peptides
produced with
flavourzyme

19.5+0.3°

16.3+0.2 ¢

21.2+0.22

18.1+0.2°

0.16+0.012 0.22+0.012

0.14+0.01° 0.19+0.01°¢
0.17+0.01 2 0.23+0.01 2

0.15+0.01° 0.21+0.01%

122.1+15°

116.5+1.2°¢

124.8+0.8 2

121.5+0.8°

88.5+15°

83.7t14°¢

92.240.82

86.4+0.5°

Different letters in each column indicate significant differences between the data (p<0.05).

1: Cytotoxic concentration (mg/ml), 2: Absorption inhibitor concentration (mg/ml), 3: Concentration of replication inhibitor
(mg/ml), 4: Selection index for absorption inhibitor, 5: Selective index for replication inhibitor
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Table 5: Antiviral properties of studied bioactive peptides in two concentrations against Dengue viruses

Concentrat . . X
ion (mg/ml) bioactive peptides CC50 1C50 1C50 Sl Si
Peptides produced g 56,051 0084001a  0.13+001a 1035+1.4b  63.7+0.9b
4 with alcalase
Peptides produced 5556159 ¢ 006£001b  0.1#0.01 ¢ 87.940.8¢c  52.7+0.8d
with flavourzyme
Peptides produced 163,06, 01.0409.0a  0.15:001a  1115:21a  70.8+l1a
5 with alcalase
Peptides produced 715,004 01.0607.0b  012+001ab  101.840.5b  59.32+0. 4c

with flavourzyme

Different letters in each column indicate significant differences between the data (p<0.05).

1: Cytotoxic concentration (mg/ml), 2: Absorption inhibitor concentration (mg/ml), 3: Concentration of replication inhibitor
(mg/ml), 4: Selection index for absorption inhibitor, 5: Selective index for replication inhibitor
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Abstract

Given the concerns regarding the use of synthetic antiviral compounds in the pharmaceutical industry, it
seems necessary to pay attention to natural sources with antiviral activity. Sea cucumbers are one of these
sources that numerous physiological properties are discussed in the scientific community. The present
study aimed to produce bioactive peptides from Holothuria leucospilota using two microbial enzymes,
alcalase and flavourzyme, and to evaluate their antiviral activity against Herpes simplex types 1 and 2,
Chikungunya, and Dengue viruses. The results showed that the whole body of the sea cucumber has about
13% protein, which this amount reached more than 67% in the resulting hydrolyzed powders. The amount
of protein, as well as the degree of hydrolysis in the hydrolyzed protein using alcalase enzyme (71.58+0.16
and 48.37+0.3%, respectively) was higher than the powder produced with flavourzyme (67.88+0.26 and
41.42+0.6%, respectively) (p<0.05). It was further found that both types of peptides produced at both
concentrations of 4 and 5 mg/ml have antiviral properties. In this study, the type of enzyme used to
produce bioactive peptides and also the concentration of peptides had a significant effect on their antiviral
activity (p<0.05). The peptides produced using alcalase enzyme had significantly more antiviral activity
against the studied viruses, while increasing the concentration of peptides from 4 to 5 mg/ml led to a
significant increase in the antiviral activity (p<0.05). Among the studied viruses, Herpes type 1 and
Dengue virus were the most resistant and susceptible viruses, respectively (p<0.05). According to the
results of the present study, bioactive peptides extracted from the sea cucumber have the potential to be
used in the pharmaceutical industry as a natural antiviral compound, however, it is necessary to carry out
additional tests to evaluate their possible toxicity effects.
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