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ABSTRACT
The human corona virus disease of 2019 is a viral disease that can produce oxidative stress due to reduced antioxidant activity.
Black cumin is a plant that can be taken as a supplement to boost antioxidant levels in the body, although the process is still
unknown. As a result, the in silico method will be used to screen the potential of Nigella sativa peptide as an antioxidant in
this study. Protein tracking was done using the UniProt database (https://www.uniprot.org/), with KEAP1 as the target protein
EFDP: 5CGI). Molecular docking was performed using Patchdock Server and antioxidant activity was determined using
https://services.healthtech.dtu.dk/service.php? AnOxPePred-1.0. The researchers concluded that peptides found in V. sativa’s
NAD(P)H-quinone oxidoreductase subunit 5, chloroplastic protein, had antioxidant potential through suppressing KEAPI
activity with the lowest ACE in Tyr-Tyr-Glu and Cys-Tyr-Tyr.
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INTRODUCTION

Human coronavirus disease 2019 (COVID-19) is an infec-
tious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a single-chain RNA virus that

(NF KB],53, HIF-hypoxia-inducible factor la, peroxisome
proliferator-activated receptor v (PPAR-y), f-catenin/Wnt,
and Nrf2. >4

>tr]ADA161GVVS]ADAT161GVVS_NIGSA NAD(P)H-guinone oxidoreductase subunit 5,

has a capsule, nucleocapsid, spike glycoprotein, and other
non-structural pmtein&l“2 There were 4,260,677 confirmed
COVID-19 patients in Indonesia between March 2, 2020 and
December 20, 2021, with 144,013 deaths.?

COVID-19 infection is caused by viruses that enter cells
and increase oxygen consumption, causing hypoxia in the
cells, which causes oxidative stress and increased activity of
antioxidant enzymes lik@Jeroxidase, catalase, and superoxide
dismutase. Furthermore, oxidative stress can activate a number
of transcription factors, including nuclear factor kappa-B

chloroplastic (Fragment) OS=Nigella sativa OX=555479 GN=ndhF PE=3 SV=1
GDFGLFLGILGLYWITGSFEFRDLFEITNNLVDNNETSSLFLILCAFLLFVGTVAKSAQF
PLHVWLFDAMEGFPTPISALIHAATMVYAAGIFLVARLFPLFTAIPSIMMISLVGITILL
GATLALSQRDIKRSLAYSTMSCQLGYIMLALGMGS YRAALFHLITHAYSKALLFLGSGSII
HSMETIVGYSPDKSONMALMGGLTKYVPITKTSFLLGTLSLCGIPPLACFWSKDEILNDS
WLYSPIFAIACFTAGLTAFYMFRMYLLTFE GHLNVNFONYSGKKNMNAFYSISIWGKRGP
ELLKMICIFSTMNNKEKASFLSKKACPIDGNGVRDMRRPFIINNFANKKISTYFYESDNT
MLLPLLLLVLFILFVGFIGIPFGYEESDILSRWLTPSINFLHSMSNSSFDWYEFLINAIF
SVSIASLGIFIASTLYGPAYSYFHNFNLINLFVKRGPRRICDPIING IYNWSYNRGYID
VFYAKTLTRGIRGLAELTYFFDKQVIDGITNGIGLSNFFVAEIIKYI GGG RISSYIFFYL

FY

Figure 1: NAD({P)H-quinone oxidoreductase subunit 5, chloroplastic
protein sequence of NS

*Author for Corvespondence: esuharionoldulm. ac.id
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Table 1: Peptide antioxidant activity of NS

Peptides Structure FRS Score Chel Score
o
lle-Arg (IR) o 038 025
o
Phe-Cys (KP) 041 028
o

Lys-Pro (FC) 043 027
o

Gly-Thr-Trp (GTW) e 047 024

e
o

Tyr-Tye-Glu (YYE) 0.58 021
-]

Cys-Tyr-Tyr (CYY) 0.59 022

The erythroid 2-related nuclear factor protein (Nrf2) is a
key protein in the Nrf2/KEAP! pathway, which controls the
antioxidant response. Nrf2 binds to the Kelch ECH Associating
Protein 1 (KEAPI) protein when it is inactive. Free Nrf2, on
the other hand, will translocate into the nucleus of the cell and
trigger the expression of antioxidant genes like superoxide
dismutase, catalase, and pCl’OKidaSC,3‘4

Many studies are currently being conducted on plants with
antioxidant properties, such as gemor, kelakai, bawang dayak,
pasak bumi, and others.”" Many earlier researches have noted
that nigella sativa (NS) is a plant that acts as an antioxidant.
The administration of 500 mg/day of nigella sativa to rats
exposed to cigarette acid was found to reduce serum oxidative
damage (Table 1).!> According to a study by Safithri e al.'?
NS at adose of 4.8 g/kgBW/day for 8 weeks reduced oxidative
damage in rats with hepatic fibrosis. Another study by Saleh
et al." stated that NS oil contains secondary metabolites such
as pinene, thymoquinone, palmitic acid, oleic acid, linoleic

2

acid, and thymol, which have a 16% antioxidant activity, but
methanol extract only has a 12% antioxidant activity. Primary
metabolites, such as peptide compounds present in NS, are
considered to have antioxidant activity in addition to secondary
metabolites, however this has not been well studied.

The antioxidant activity of NS has been studied extensively
in vitro and in vivo. However, the mechanism of peptide
compounds from NS acting as antioxidants in COVID-19
patients via the KEAPI-Nrf2 pathway has not been well
investigated. Therefore, we conducted this research (Table 2).

MATERIAL AND METHOD

Protein Selection

Peptides in NS are derived from the breakdown of NAD protein
(P) H-Quinone Oxidoreductase Subunit 5, Chloroplastic (Uni-
protK B-A0A 161GV V5 code) in the Uniprot database (https://
www.uniprot.org/). KEAP] (GDP: 5CGJ) was chosen as the
target protein from a data base protein (https:/www.rcsb.org/).
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Table 2: Results of molecular docking between peptides and KEAPI

Hydrogen bonds Hydrophobic bonds
Peptides Atomic contact energy (kJimol)
Residue Distance Residue Distance
Ser431 241 Argdls 4,35
lle-Arg (IR) 75,69 Gly433 312 Ala556 4,50
Vald6s 327
Phe-Cys (KP) 220,71 Valb0s 30 Alad66 4,61
Val418 2954
Vald6s 290 Cys513 5,06
Lys-Pro (FC -239.17 ! !
ys-Pro (FC) Vald67 285 Ala366 4,09
Val514 3,65
. . . ILE461 5,32
Gly-Thr-Trp (GTW) -251,59 ASN414 2,72 ARGA415 43
Arg4d3 276
Tyr-Tye-Glu (Y YE) 262,85 Argd15 2,56 ?:g; §$
Ser602 355 4 '
. ABN3IR2 259
Cys-TyeTyr (CYY) 361,23 rgss 268 Tyr334 3,91

IR_KEAP1

(©

CYY_KEAP1

(©

(b)

()

Figure 2: Interaction of KEAP1 protein with peptide (a) lle-Arg (b) Phe-Cys (c¢) Lys-Pro (d) Gly-Thr-Trp (e) Tyr-Tyr-Glu and (f) Cys-Tyr- Tyr
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Peptides Screng as Antioxidant

The website http://www.uwm.edu.pl/biochemia/index.
php/en/biopep.”” was usg@)to screen bioactive peptides as
antioxidants. Meanwhile, the F{E} Radical Scavenging Score
and the Chelator Score were used to determine the level
of antioxidant actiflly. The antioxidant activity score was
obtained by visiting https:/services.healthtech.dtu.dk/service.
php?AnOxPePred-1.0."

Molecular Docking

The Patchdock server is used for molecular docking. The
Chimera 1.14 program is used to visualize the docking findings.
Atomic Contact Energy, hydrogen bonds, and hydrophobic
interactions between ligands and amino acid residues of
receptor docking proteins will be presented.!”

Toxicity and LD,

Hepatotoxicity, carcinogenicity, immunotoxicity, and muta-
genicity were all examined on the peptides that were obfflined.
Furthermore, the LD, value is calculated. The website https:/
tox-new.charite.de/protox_11/index.php?site=home is used for
testing.

RESULT

The enzyme NAD(P)H-quinone oxidoreductase subunit
5, chloroplastic, is present in the NS’s respiratory chain.
In this reaction, NADH is the reducing force that converts
plastaquinone to plastaquinol. A chloroplastic protein from
NS, NAD(P)H-quinone oxidoreductase subunit 5, has 542
amino acids. Figure 1 shows the outcomes of the protein
sequence analysis.

The protein sequences were then screened for peptides that
have antioxidant activity. The results are presented in Table 1.

The peptides in table 1 were then molecularly docked with
KEAP-1 protein. The molecular docking results are presented
in Table 2.

Visualization of molecular docking in Table 2 is presented
in Figure 2.

Based on the results of the NS peptide toxicity test, the
results are shown in Table 3.

DISCUSSION

Tyr-Tyr-Glu and Cys-Tyr-Tyr are NS peptides with a score
greater than 0.5. (Table 1). This means that these peptides are
capable of scavenging more than 50% of free radicals. The
peptides Tyr-Tyr-Glu and Cys-Tyr-Tyr, on the other hand, have

the lowest Atomic Contac Energy (ACE), indicating that the
binding between the peptide and KEAP! is strengthening."” As
aresult, the peptide appears to act by preventing the formation
of the Nrf2-K EAP1 complex.**

Under basal conditions, Nrf2 is located in the cytoplasm
and is inactive, which then binds to the repressor molecule
Kelchlike ECH Association Protein 1 (KEAPI) to form the
Nrf2-KEAPI complex. KEAPI is a protein with a molecular
weight of 69-kDa protein which has a physiological function
with Kelch protein as actin binder and acts as a negative
regulator of Nrf.>*

KEAPI! consists of several cysteine residues that act
as sensors of intracellular redox status.'® The ubiquitin
proteosome pathway rapidly degrades Nrf2. Signals from ROS
and electrophilic peptide compounds cause JiR {2 to dissociate
from KEAPL. NRf2 will then translocate to the nucleus. NRf2
binds to regulatory sequences known as antioxidant response
elements or electrophile response elements (ARE/ApRE) in
the promoter region of genes encoding antioxidants such as
superoxide dismutase, catalase, peroxidase, and others in the
nucleus. The inhibition of the Nrf2/KEAP] pathway by NS
peptides may have an effect on physiological function. This
suggests that the NS peptide molecule acts as an antioxidant
by interacting with KEAP1.>

The interaction formed between the NS peptides and the
protein KEAPI contributed to the ACE-indicated binding
strength Table 2. onor/acceptor in protein ligands have arole. A
low ACE level will improve the interaction between the peptide
and the protein. The peptide-protein complex is stabilized by
strong peptide and protein interactions. Low hydrophobicity
improves compound permeability to the cell membrane and is
inversely proportional to the amount of hydrophobic linkages.

Table 3 shows that, among the six peptides, Gly-Thr-
Trp is a toxic peptide when compared to the other peptides.
Meanwhile, Tyr-Tyr-Glu is a peptide with the potential to be
a mutagen, or a chemical that can trigger gene alterations.
Thus, in general, Cys-Tyr-Tyr is a peptide with antioxidant
activity that is not hepatotoxic, carcinogenic, immunotoxic,
mutagenic, or cytotoxic.

CONCLUSION

The peptides found in the NAD(P)H-quinone oxidoreductase
subunit 5, chloroplastic protein of Nigella Sativa, exhibit
antioxidant potential by suppressing Keapl activity with the
lowest ACE in Tyr-Tyr-Glu and Cys-Tyr-Tyr.

Table 3: Peptide toxicity test of NS

. Hepatotoxicity Carcinogenicity Immunaotaoxicity Mutagenicity Cytotoxicity

Peptide: LD
epuaes (mgke)  obabitisy probability probability probability probability

lle-Arg 1000 “ inactive 0,67 inactive 0,99 inactive 0,71 inactive 0,69 inactive
Phe-Cys 5000 3 inactive 0,59 inactive 0,99 inactive 0,83 inactive 0,86 inactive
Lys-Pro 6800 0,88 inactive 0,83 inactive 0,99 inactive 0,58 inactive 0,69 inactive
Gly-Thr-Trp R00 “ inactive 0,75 inactive 0,99 inactive 0,69 inactive 0,64 inactive
Tyr-Tyr-Glu 5000 3 inactive 0,74 inactive 0,99 inactive 0,65 active 0,66 inactive
Cys-Tyr-Tyr 5000 0,81 inactive 0,75 inactive 0,98 inactive 0,82 inactive 0,76 inactive

LIDDT, Volume 12 Issue 3, July - September 2022

Page 1031




Suplementation of Nigella sativa as Antioxidant in COVID-19 Patients: In Silico Study via the Nrf2-Keapl Pathway

ACKNOWLEDGEMENTS

The authors thankfully acknowledge the Rector of Lambung
Mangkurat University for providing research funding, through
the PDWM program, in 2022.

REFERENCES

Pincemail J, Cavalier E, Charlier C, et al. Oxidative Stress
Status in COVID-19 Patients Hospitalized in Intensive Care
Unit for Severe Pneumonia. A Pilot Study. Antioxidants. 2021;
10(2):257:1-12 Available from: doi.org/10.3390/antiox 10020257
Haryati H, Isa M, Assagafl A, Nurrasyidah I, Kusumawardhani
E, Suhartono E, Arganita FR. Clinical and Laboratory Features
of COVID-19 in Ulin Referral Hospital of South Kalimantan:
Predictors of Clinical Outcome. Journal of Tropical Life Science.
2021 Sep 30:11(3).

Baird L, Yamamoto M. The molecular mechanisms regulating
the KEAPI- NRF2 pathway. Mol Cell Biol. 2020; 40(13):1-23
Available from: doi.org/10.1128/MCB.00099-20.

Canning, P, Sorrell, F. I, and Bullock, A. N. Structural basis
of Keapl interactions with Nrf2. Free Radical Biology and
Medicine. 2015; 88(Part B), 101-107. Available from: doi.
org/10.1016/j.freeradbiomed.2015.05.034

Suhartono E, Setawan B., I[droes R., Indrawan MS. Estimation of
leaf antioxidant activity using image processing. J. Phys.: Conf.
Ser. 2019; 1374 (012057) Available from: doi.org/10.1088/1742-
6596/1374/1/012057

Suhartono E, Iskandar, Hamidah S, Arifin YF Phytochemical
Constituents Analysis and Neuroprotective Effect of Leaves
of N. coriacea (Nothaphoebe Coriacea) on Cadmium-Induced

Neurotoxicity in Rats: An In-Vitro Study. International Journal of

Toxicological and Pharmacological Research 2015; 7(6): 297-302
Santosa PB, Iskandar Thalib, Suhartono E, Turjaman M.
Antioxidant and Anti-Lipid Peroxidation Activities of Leaves and
Seed Extracts of Gemor (Nothaphoebe coriacea). International
Journal of Pharmacognosy and Phytochemical Research 2016:
8(7): 1149-1153

Suhartono E, Muthmainah N, Marisa D, Siahaan SCPT,
Komari N. Protective Role of Kelakai (Stenochlaena Palustris)
Extract on Malathion-induced Genotoxic: FTIR Spectroscopy
Study. International Journal of Drug Delivery Technology.
2022:12(1):15-18 Available from: doi.org/10.25258/1jddt.12.1.3
Mashuri, Sithombing LDM , Alfagihah S, Edyson, and Suhartono
E. Kelakai Extract Protects Skin From UV-Induced Oxidative

14.

Damage. I. Phys.: Conf. Ser. 2019; 1374 (012057) Available from:
doi.org/10.1088/1742-6596/1374/1/012014

. Biworo A, Abdurrahim, Nupiah N, Hamidah S, Suhartono E. The

Effect of Dayak Onion (Eleutherine palmifolia (L.) Merr) Tuber
Extract Against Erythema and Melanin Index on Rat (Rattus
norvegicus) Skin Induced by Acute UV. Conference Proceedings
2019; 2108 (020029) Available from: doi.org/10.1063/1.5110011

. Edyson, Pardede AME, Nugraha HG, Mashuri, Suhartono E.

In Vivo Antioxidant and UV-Photoprotective of Extract Pasak
Bumi (Eurycoma Longifolia Jack.). AIP Conference Proceedings
2019; 2108 (020029) Available from: doi.org/10.1063/1.5110004

. Hosseinzadeh H, Tavakkoli A, Mahdian V, Razavi BM. Review

on Clinical Trials of Black Seed (Nigella sativa) and Its Active
Constituent, Thymoguinone. J Pharmacopuncture. 2017;
20(3):179-193. Available from: doi.org/10.3831/KP1.2017.20.021

. Safithri F, Fauziyah AN, Hermayanti H. Penurunan Stres

Oksidatif Setelah Pemberian Ekstrak Biji Jintan Hitam (Nigella
Sativa L.) Pada Tikus Model Fibrosis Hati. Saintika Medika.
2018; 14(2): 81-87 Available from: doi.org/10.22219/sm.Voll4.
SMUMM2.7265

Saleh FA, El-Darra N, Raafat K, El Ghazzawi L. Phytochemical
analysis of Nigella sativa L. Utilizing GC-MS exploring its
antimicrobial effects against multidrug-resistant bacteria.
Pharmacogn J. 2018; 10(1):99-105. Available from: doi.
org/10.5530/pj.2018.1.18

. YuZ, Fan'Y, Zhao W, Ding L, Li I, Liu J. Novel Angiotensin-

Converting Enzyme Inhibitory Peptides Derived from
Oncorhynchus mykiss Nebulin: Virtual Screening and In
Silico Molecular Docking Study. Journal of food science. 2018
Sep:83(9):2375-83.

. Olsen TH, BetilYesiltas, Marin FI, Pertseva M, et al.

AnOxPePred: using deep learning for the prediction of
antioxidative properties of peptides. Scientifc Reports 2020;
10:21471 Available from: doi.org/10.1038/s41598-020-78319-w

. Fakih TM, Dewi ML. In silico Identification of Characteristics

Spike Glycoprotein of SARSCoV-2 in the Development Novel
Therapeutic Candidates for COVIDI9 Infectious Diseases.
J.Biomed Transl.Res. 2020; 6(2): 48-52 Available from: doi.
org/10.14710/jbir.v6i2.7590.

. Dayalan Naidu, S., & Dinkova-Kostova, A. T. (2020). KEAPI,

a cysteine-based sensor and a drug target for the prevention
and treatment of chronic disease: KEAPI, a sensor and a drug
target. Open Biology, 10(6). Available from: doi.org/10.1098/
rs0b.200105rs0b200105

LIDDT, Volume 12 Issue 3, July - September 2022

Page 1032




Suplementation of Nigella sativa as Antioxidant in COVID-19
Patients

ORIGINALITY REPORT

13, 3. 106 7w

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Aftab Alam, Gopal Prasad Agrawal, Shamshir 30/
Khan, Habibullah Khalilullah, Muhammed ’
Khalid Saifullah, Mohammed Faiz Arshad.

"Towards the discovery of potential RdRp
inhibitors for the treatment of COVID-19:
structure guided virtual screening,
computational ADME and molecular dynamics
study", Structural Chemistry, 2022

Publication

Submitted to Universitas Airlangga 3%

Student Paper

Anthony Thaha, Bor-Sen Wang, Yu-Wei Chang, 20/
Shih-Min Hsia, Tsui-Chin Huang, Chyuan-Yuan ’
Shiau, Deng-Fwu Hwang, Tai-Yuan Chen.
"Food-Derived Bioactive Peptides with

Antioxidative Capacity, Xanthine Oxidase and
Tyrosinase Inhibitory Activity", Processes,

2021

Publication

e




D Marisa, | Aflanie, N Muthmainah, E 20/
Suhartono. "Interaction of cadmium-cysteine ’
binding and oxidation of protein causes of

blood thrombosis", Journal of Physics:

Conference Series, 2019

Publication
www.aginganddisease.org 7
Internet Source %
H www.ncbi.nlm.nih.gov Z‘V
0

Internet Source

Exclude quotes On Exclude matches <2%

Exclude bibliography On



