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ARTICLE INFO ABSTRACT

Identifying and designing novel antiviral agents are indispensable affairs in biomedicine. Hesperidin is a
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Introduction

Severe acute respiratory syndrome coronavirus-2
) ) ) ] (SARS-CoV-2) caused the global pandemic, named
propgrtles_ of polypr_\enol_s including - flavonoids, coronavirus disease 2019 (COVID-19) [10]. Molecular
eIIa_gltar?nln, a_lnd _tannlc acid have .bgen reported b_y docking studies have illustrated that hesperidin can
various investigations [1, 2]. Hesperidin as a flavonoid bind to multiple receptors of SARS-CoV-2 including
has obtained attention in experimental and proteases (main proteases (MP°) and papain-like
?Ompgtatlpnal methods., Spec'f'Cé}"y dO(.:klng protease (PL"") modulating the host’s innate immune
investigations [3]. The major therapeutic properties of response), spike protein, and angiotensin-converting
hesperidin including antifungal, antibacterial, antiviral, enzyme 2 (ACE2) [12]. SARS-CoV-2 replication is
and anticancer activities may be found in both micro requlated by RNA-dependent RNA polymerase
and nanoformulations [4-7]. The low bioavailability of (RARp) and helicase [13]. In this study, interactions of
hesperidin by about 20% is the major limitation for hesperidin metabolite with MP®, helicase, PLP®, and

effective clinical application of this metabolite [8]. RdRp of SARS-CoV-2 have been surveyed by the CB-
Finding new promising antivirals is the crucial affair, Dock server

particularly against life-threatening viruses [9, 10]. In
this regard, drug repurposing or drug repositioning
approaches can be used to discover novel therapeutic
agents from the existing approved drug molecules

Biocompatibility, biodegradability, and therapeutic

Materials and methods
Ligand was hesperidin prepared from the PubChem
database (Figure 1a). Viral targets including helicase

based on Food and Drug Administration (FDA) [11]. (PDB code: 6ZSL, resolution: 1.94 A), RdRp (PDB
Moreover, identifying new effective strategies code: 6M71, resolution: 2.90 A), PL™ (PDB code:
according to natural compounds is the great issue. 3E9S resolu'tion' 250 A), and Mpr'o (PDB code: 6LU7
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resolution: 2.16 A) have been obtained from protein
data bank (PDB) (Figures 1b-e¢). The UCSF
Chimeral.12 program was employed to minimization
of the compounds. A molecular docking study was
performed by the CB-Dock server
(http://clab.labshare.cn/cb-dock/php/index.php) [14,
15].

Fig. 1. Chemical and molecular structures of hesperidin (a),
helicase (b), RdRp (c), PL"™ (d), and MP (e).

Results and discussion

CB-dock results demonstrated that hesperidin can dock
PL"™®, MP™ RdRp, and helicase by best Vina scores of
-8.1, —8.6, -9, and —9.6 kcal/mol towards cavity
volumes of 243, 258, 775, and 2984 A3, respectively
(Tables 1-4). Highest affinity was indicated for
hesperidin-helicase with Vina score of -9.6 kcal/mol
and interacting amino acids of ASN177, ARG178,
ASN179, LEU405, PRO406, ALA407, PROA408,
ARG409, LEU412, THR413, LYS414, GLY415,
THR416, LEU417, PHE422, SER485, SERA486,
PRO514, TYR515, ASN516, THR532, ASP534,
SER535, HIS554, ASN557, and ARG560 related to
chain B (Table 4). The docking interaction of
hesperidin with the SARS-CoV-2 NSP13 helicase with
related H-bonds have been illustrated in Figure 2.
Previous docking study via CB-Dock displayed Vina
scores of —8.3 and —9.9 kcal/mol for quercetin and
epigallocatechin gallate against spike glycoprotein (S-
glycoprotein) of SARS-CoV-2 [16]. In a similar study,
theaflavin digallate, biorobin, hesperidin, rosmarinic
acid, and berchemol exhibited binding energy values
of —10.574, —9.058, —7.848, —6.971, and —6.793
kcal/mol toward M, respectively [17]. Among the
14 terpenoids, best binding energies of —8.40 , —8.35,
—8.79, and —8.51 kcal/mol were respectively identified
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for ichangin (CxsH3,0g), deacetylnomilin (CgH340),
B-amyrin (CzoHs00), and nomilin (C,sH3404) toward
MP[18]. In a comparative study, the binding energy
and interaction of 76 drugs against RdRp and MP of
SARS-CoV-2 were evaluated by GOLD 5.7 (Genetic
Optimisation for Ligand Docking) and AutoDock
Vina. Based on this study, raltegravir, daclatasvir,
simeprevir, cobicistat, and remdesivir exhibited —9.7,
—9.5, 9.3, 8.4, and —7.2 kcal/mol binding energies,
respectively against RARp model protein. Three main
bonds including hydrophobic, electrostatic, and
hydrogen bonds have been indicated for these docking
interactions [19]. The docking interaction of
glycyrrhizin bioactive compound related to licorice
root was compared to chloroquine,
hydroxychloroquine, remdesivir, GS-441524, and
arbidol drugs against M"™ enzyme. The glycyrrhizin
and remdesivir showed the highest negative free
energy values of — 8.21 and — 7.12 kcal/ mole,
respectively. Interestingly, these energy values were
approximately similar to the best-docked pose of O6K
ligand as a reference with AG =-7.40 kcal/mol [20].
Other antiviral drugs including ACV triphosphate,
BVDUTP, adefovir, tenofovir, HPmpa, and stavudine
displayed respectively, binding energies of —8.04,
—7.50,-7.23,-6.82,—6.72, and —6.27 kcal/mol toward
site 2 in the wild spike protein. In the case of site 1 in
the wild spike protein, cytarabine, brivudine, PMEG
diphosphate, rilpivirine, inosine, and stavudine drugs
showed docking scores of —8.92, —8.86, —8.46, —7.87,
—7.64, and —7.57, respectively [21]. Secondary
metabolites of apigenin, ellagic acid, chlorogenic acid,
myricetin, chrysin, and quercetin related to Moringa
oleifera plant species demonstrated —6.5, —7.1, —6.6,
—6.1, —6.8, and —6.6 kcal/mol if binding energy,
respectively in interaction with non-structural protein 9
(Nsp9) [22]. This protein contributes to viral
replication of SARS-CoV-2 during the infection of
human cells [23]. Natural and synthetic peptides may
be used as suitable candidates for inactivation of
viruses, particularly SARS-CoV-2 [24, 25]. There were
—744.8, =703, —700.8, and —814.4 kJ/mol for the
interaction of synthetic peptides including RcAlb-
Pepll, RcAlb-Peplll, Mo-CBP3-Peplll, and Mo-CBP3-
Pepll with SARS-CoV?2 spike protein in the open state,
respectively [26].
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CurPocket
ID

Vina

score (kcal/mol)

Cavity
volume

(R

Center
Y, 2)

Docking
size
xy,2)

Contact residues

C3

243

-5, 26, 15

24,24, 24

Chain A: PRO34 TYR36 LEU59
PROG60 SER61 ASP62 ARG66 SERG7
ALA69 PHE70 THR75 LEU76 ASP77
GLU78 SER79 PHE80 LEU81 GLY82
ARGS3

C2

647

-28, 21,28

24,24, 24

Chain A: GLY164 ASP165 VAL166
ARG167 MET209 ALA247 PRO248
PRO249 TYR265 GLY267 ASN268
TYR269 GLN270 CYS271 GLY272
TYR274 PRO300 THR302 ASP303

C1

712

-8,12,9

24,24, 24

Chain A: ASP13 ASN14 ASP38
GLY39 PHE57 TYR72 TYR73
TYR84 MET85 LEU88 LYS92
ALA132 GLU135 ALA136 ARG139
ASP144 ALA146 ASN147 LEU151

C5

203

-40, 11, 10

24,24, 24

Chain A: GLN98 GLY101 LEU102
THR103 LEU121 GLN122 GLN123
LEU124 GLU125 VAL126 TYR137
ALA140 ARG141 ALA142 PHE259
LEU260 CYS261 THR278 ALA279
LYS280 LYS307

C4

212

-28, 8,27

24,24, 24

Chain A: TRP107 ASN110 THR266
GLY267 CYS271 GLY272 HIS273
THR275 ARG285 ASP287 HIS290

Table 2. CB-dock results for hesperidin-MP™.

CurPocket
ID

Vina
score

(kcal/mol)

Cavity
volume (A%

Center
x,y,2)

Docking
size
(xy,2)

Contact residues

C3

-8.6

-14,11,72

24,24, 24

Chain A: THR24 THR25 THR26
LEU27 HIS41 VAL42 CYS44
MET49 TYR54 PHE140 LEU141
ASN142 GLY143 SER144 CYS145
HIS163 HIS164 MET165 GLU166
LEU167 PRO168 HIS172 PHE181
VAL186 ASP187 ARG188 GLN189
THR190 ALA191 GLN192

C1

-24,1, 56

24,24, 24

Chain A: ARG131 LYS137 ASP197
THR198 THR199 VAL204 TYR237
ASN238 TYR239 LEU271 LEU272
LEU286 LEU287 GLU288 ASP289
GLU290

C5

-34, 16, 54

24,24, 24

Chain A: PHE8 VAL104 ARG105
ILE106 GLN107 PRO108 GLN110
THR111 PHE112 ASN151 ASP153
SER158 VAL202 HIS246 I1LE249
PRO293 PHE294 VAL297
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C2

548

-14, 34, 56

24,24, 24

Chain A: GLU14 GLY15 CYS16
MET17 GLN19 TRP31 GLN69
ALA70 GLY71 ASN72 VALT73
ASN95 PRO96 LYS97 ASN119
GLY120 SER121 PRO122

C4

239

-37, 5, 58

24,24, 24

Chain A: ARG105 ILE106 GLN107
PRO108 GLY109 GLN110 THR111
PRO132 ASN151 ILE200 VAL202
ASN203 GLU240 ASP245 HIS246
ILE249 THR292 PRO293

Table 2 (continued).

Table 3. CB-dock results for hesperidin-RdRp.

CurPocket
ID

Vina
score
(kcal/mol)

Cavity
volume

(A%

Center
Y, 2)

Docking
size
*x.y,2)

Contact
residues

C2

-9.0

775

127, 135, 127

24,24, 24

Chain A: SER255 TYR265 ILE266
LYS267 TRP268 LEU270 SER318
THR319  VAL320 PHES321
PRO322 PRO323 THR324 PHE326
ARG349 LEU388 LEU389 ASP390
THR393 THR394 CYS395 PHE396
SER397 PRO461
Chain B: LEU122 TYR149

C3

724

120, 120, 136

24,24, 24

Chain A: ASP452 LYS545
ARG553  ALAS554  ARGS555
THR556 VAL557 TRP617 ASP618
TYR619 PRO620 LYS621 CYS622
ASP623 ARG624 THR680 SER682
THR687 ASN691 SER759 ASP760
ASP761

C1

1089

122, 139, 100

24,24, 24

Chain A: VAL231 PRO232
VAL233 VAL234 ASP235
TYR289 TRP290 ASP291 GLN292
ASP303 ARG305 CYS306
ARG467 LEU470 TYR732
ARG733 ASN734 ARGT735
ASP736

C4

574

146, 132, 82

24,24, 24

Chain A: PHE35 LYS50 LYS73
ARG74 THR76 ASN79 GLUS83
ILE114 ARG116 VAL204 THR206
ASP208 ASN209 ASP218 PHE219
GLY220 ASP221 PHE222

C5

549

121, 96, 146

24,24, 24

Chain A: PHE429 LYS430
GLU431  GLY432  GLU436
LEU437 LYS438 PHE440
Chain C: LYS2 MET3 SER4 LYS7
LYS43 ASP44 THR45
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Table 4. CB-dock results for hesperidin-helicase.

CurPocket Vina Cavity Center Docking  size
ID score (kcal/ volume x,V,2) (x,v,2) Contact
mol) (A% residues

C3 -9.6 2984 -23,20,-21  35,24,30 Chain B: ASN177 ARGL178
ASN179 LEU405 PRO406
ALA407  PRO408  ARG409
LEU412  THRA413 LYS414
GLY415  THR416  LEU417
PHE422 SER485 SER486 PRO514
TYR515 ASN516 THR532 ASP534
SER535 HIS554 ASN557 ARG560

C1 -9.1 4329 -32,20,-49  24,24,30 Chain B: VAL193 GLN194
ILE195 GLY196 GLU197 THR214
THR215 TYR217 ALA336
VAL340 GLU341
Chain A: PHE182 THR183
TYR185 GLN194 ILE195 GLY196
GLU197 THR215 THR228
ALA336 ARG337

C4 -8.9 2136 -16,35,-64 24,24, 24 Chain A: LEU138 LYS139
GLU142 GLU143 PHE145
LYS146 TYR149 ASN179
TYR180 VAL181 GLU197
LEU227 THR228 ALA308
CYS309 SER310  ARG339
VAL360 ASN361 MET378
THR380 ASP383 ALA407 PRO408
ARG409 THR410

C2 -8.6 3723 -11,20,-69  24,32,35 Chain  A: LYS139 GLU142
GLU143 LYS146 ASN179
TYR180 VAL181 GLU197
LEU227 THR228 HIS230 THR231
VAL232 MET233 CYS309
ASN361 MET378 THR380
TYR382  ASP383  VAL386
ARG390  ALA407 PRO408
ARG409 THR410

C5 -8.5 2002 -32,29,-75 30, 24,24 Chain A: PHE145 TYR149
ARG173 PRO175 LEU176
ASN177 ASN179 TYR180
PRO408 ARG409 THR410
LEU411 LEU412 THR413 ASP483
VAL484 SER485 SER486 ALA487
PRO514 TYR515 ASN516 SER517
THR532 ASP534 SER535 HIS554
ARG560
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Acceptor Il

Fig. 2. Docking site for model 3 of CB-Dock (a), interaction
of amino acids related to the viral helicase with hesperidin
(b), and the surface around hesperidin ligand (c).

Conclusions

Molecular docking studies can improve the designing
and finding of novel therapeutic agents cost-
effectively. Hesperidin had a lower binding energy
toward the SARS-CoV-2 helicase compared to RdRp,
PL", and MP® of SARS-CoV-2. This study showed
that hesperidin may be considered a more desirable
therapeutic agent for inhibiting viral replication. This
docking study presented an insight into molecular
interaction to understand the antiviral mechanism and
the spatial orientation of the hesperidin ligand that can
be used for drug design. More studies are needed to
evaluate other flavonoids against virulence factors of
SARS-CoV-2. In addition, ameliorating the low
bioavailability of hesperidin should be considered in
future studies.

Abbreviations

ACE2: Angiotensin-converting enzyme 2
COVID-19: Coronavirus disease 2019

FDA: Food and drug administration

GOLD: Genetic optimisation for ligand docking
MP': Main proteases

PLP™: Papain-like protease

RdRp: RNA-dependent RNA polymerase
SARS-CoV-2: Severe acute respiratory syndrome
coronavirus 2

S-glycoprotein: Spike glycoprotein

Study Highlights

¢ Molecular docking studies can improve the designing
and finding of novel therapeutic agents cost-
effectively.

e Hesperidin had a lower binding energy toward the
SARS-CoV-2 helicase compared to RdRp, PL"°, and
MP of SARS-CoV-2.

e More studies are needed to evaluate other flavonoids
against virulence factors of SARS-CoV-2.
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