
 

Open Access https://doi.org/10.48130/MPB-2023-0010

Medicinal Plant Biology 2023, 2:10

Discovery of anti-SARS-CoV-2 agents from commercially available
flavor via docking screening
Jiaojiao Zhang1#, Xin Shen2#, Yanpeng Li1, Yongming Yan1, Yan Wang2*  and Yongxian Cheng1*

1 Institute  for  Inheritance-Based  Innovation  of  Chinese  Medicine,  School  of  Pharmaceutical  Sciences,  Shenzhen  University  Health  Science  Center,  Shenzhen
518060, PR China

2 Center for Translation Medicine Research and Development, Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, PR
China

# These authors contributed equally: Jiaojiao Zhang, Xin Shen
* Corresponding authors, E-mail: winstonwang37@gmail.com; yxcheng@szu.edu.cn

Abstract
Flavor and spice are largely consumed in food, cosmetics, and pharmaceutical industries. A novel coronavirus, recently named the Severe Acute

Respiratory  Syndrome Coronavirus  2  (SARS-CoV-2),  was  first  identified in  humans in  Wuhan,  China in  2019.  This  study is  to  examine whether

flavor  components  can  prevent  humans  from  SARS-CoV-2  infection.  Given  that  the  drugable  antiviral  target  ACE2  receptor  and  viral  main

protease  (Mpro)  were  reported,  169  compounds  were  screened  against  these  two  targets  by  using  autodock  vina.  According  to  our  docking

screening, 10 antiviral components, including glycyrrhizic acid, theaflavin 3,3'-digallate, agnuside, fenflumizole, angelicide, sageone, oleanic acid,

benzyl  (3-fluoro-4-morpholine-4-yl  phenyl)  carbamate,  glycerol  ester  of  rosin,  and  endere  S  can  directly  bind  to  both  host  cell  target  ACE2

receptor and viral target Mpro,  indicating their potential for SARS-CoV-2 treatment. In addition, experimental verification found that theaflavin

3,3'-digallate show significant inhibit Mpro/3CLpro activity.
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 Introduction

The  Severe  Acute  Respiratory  Syndrome  Coronavirus  2
(SARS-CoV-2),  previously  named  as  2019  novel  coronavirus
(2019-nCoV), is a positive-sense, single-strand RNA coronavirus.
SARS-CoV-2  caused  an  ongoing  outbreak  of  coronavirus
disease  2019  (COVID-19)  occured  in  December  2019[1].  Given
that  the  emergence  of  SARS-CoV-2,  drug  repurposing  study
was immediately conducted by both virtual screening and cell-
based  screening,  which  provided  several  promising  antiviral
agents  from  approved  drugs[2].  Flavor  and  spice  have  been
widely used in China and India since ancient times, some spice
such  as  ginger  and  pepper  were  proposed  to  be  beneficial  in
countering  against  dampness  evil  in  the  human  body  accord-
ing to the philosophy of traditional Chinese medicine, however,
whether  these  components  do  prevent  virus  infection  is  still
questionable.  Herein,  contributions  were  made  to  identify
potential  anti-SARS-CoV-2  agents  from  flavor  ingredients  by
employing molecular docking screening.

As expected, angiotensin converting enzyme 2 (ACE2) recep-
tor  of  host  cells  could  be  directly  bound  to  spike  protein  of
SARS-CoV-2[3].  Inhibition  of  ACE2  catalytic  pocket  by  small
molecules  could  change  the  conformation  of  ACE2,  indicating
that ACE2 inhibitor could block SARS-CoV-2 entry[4,5]. Therefore,
in this effort, the ACE2 receptor was used as a protein model in
accomplishing  a  quick-identification  of  the  entry  inhibitors  of
SARS-CoV-2.

Suppression of viral replication is also an appropriate aspect
for  exploring  antiviral  drugs  besides  the  blockade  of  viral
entry[6].  Considering that  SARS-CoV-2  Mpro is  closely  related to

the processing of two replicase polyproteins which are required
in  mediating  viral  replication  and  transcription,  the  Mpro

inhibitor  could  be  seen  as  a  sally  port  to  discover  antiviral
drugs[7−15].  We  consequently  docked  flavor  components  to
SARS-CoV-2  Mpro (PDB:  6LU7)  whose  structure  was  clarified  by
crystal data[16−18], to explore more antiviral replication agents.

 Materials and methods

 Molecular docking
The  three-dimensional  structure  of  ligands  (aroma  oil  com-

ponents)  were  generated  by  CORINA  online  service  (https://
demos.mn-am.com/corina_interactive.html).  The  experiment
process is the same as we previously described[19]. The docking
results  were  ranked  by  the  binding  free  energy.  The  binding
results  were  graphically  presented  by  using  PyMOL1.3
(Schrödinger, LLC).

 Ligands preparation for docking screening
For ligands library establishment, the SMILE format of phyto-

chemicals was compiled from Pubchem. The SMILES format of
compounds  was  converted  to  PDB  format  by  CORINA  online
service  (https://demos.mn-am.com/corina_interactive.html).
The  PDB  format  of  compounds  was  then  converted  to  PDBQT
format by AutoDock Tools 1.5.6 (The Scripps Research Institute,
CA, USA).

 Target proteins preparation for docking screening
The  crystal  structure  was  obtained  from  the  Protein  Data

Bank for receptor preparation. Chimera 1.7mac (UCSF Resource
for  Biocomputing,  Visualization,  and  Informatics,  CA,  USA)

ARTICLE
 

© The Author(s)
www.maxapress.com/mpb

www.maxapress.com

http://orcid.org/0000-0003-0671-7312
http://orcid.org/0000-0003-0671-7312
mailto:winstonwang37@gmail.com
mailto:yxcheng@szu.edu.cn
https://doi.org/10.48130/MPB-2023-0010
https://demos.mn-am.com/corina_interactive.html
https://demos.mn-am.com/corina_interactive.html
https://demos.mn-am.com/corina_interactive.html


eliminated  both  ligands  and  water  molecules  from  target
proteins.  AutoDock Tools  1.5.6  (The Scripps Research Institute,
CA, USA) was then used to add hydrogen and Kollman Charges
to the target protein. The target protein's atoms were assigned
the  AD4  type,  and  the  changed  protein  was  transferred  to
PDBQT format for docking screening.

 Docking parameters validation
The docking parameters for AutoDock Vina were left at their

defaults.  The  grid  box  was  25  Å  ×  25  Å  ×  25Å,  encompassing
the inhibitor binding pocket. The docking results were ordered
according to the binding free energy. For parameter validation,
we  retrieved  the  inhibitors  from  the  original  protein  models
(Supplemental  Fig.  S1).  Our  docking  simulation  revealed  that
the  predicted  conformations  of  inhibitors  are  close  to  the
experimental  conformations  of  inhibitors.  Furthermore,  the
inhibitors had a high binding score.

 Chemicals
The following substances were purchased by Shanghai Bide-

pharmatech  Co.,  Ltd  (Shanghai,  China):  Glycyrrhizic  acid,
theaflavin  3,3'-digallate,  oleanic  acid,  and  benzyl  (3-fluoro-4-
morpholine-4-yl phenyl) carbamate.

 Mpro/3CLpro inhibitory assay
Mpro/3CLpro activity in  vitro was  measured  by  using  the

Mpro/3CLpro Inhibitor  Screening  Kit  (Beyotime,  Cat  No.  P0312S,
China).  In  brief,  2019-nCoV  Mpro/3CLpro was  diluted  by  Assay
Buffer, then pre-incubated with compounds for 10 min at 37 °C,
then the substrate was added for  another 5 min incubation at
37  °C.  The  optical  density  (OD)  values  were  then  measured
using Microplate Reader (BioTek, Synergy 2) with the excitation
wavelength at 360 nm and the emission wavelength at 460 nm,
respectively.  GraphPad  Prism5  (GraphPad  Software  Inc.)  was
used  to  analyze  the  data.  Ebselen  was  positive  control.  All
experiments were carried out in triplicates.

 Statistical analysis
The statistical data were obtained from biological triplicates.

Statistical  analysis  was  performed  by  t-Test  and  ANOVA  for
multiple groups. p < 0.05 was considered significant difference
'*'; p < 0.01 was considered very significant difference '**'.

 Results

One hundred and sixty nine flavor components in total were
docked  to  two  drug  targets.  The  top  10  hits  including

glycyrrhizic  acid,  theaflavin  3,3'-digallate,  agnuside,  fenflumi-
zole,  angelicide,  sageone,  oleanic  acid,  benzyl  (3-fluoro-4-
morpholine-4-yl phenyl) carbamate, glycerol ester of rosin, and
endere  S,  are  summarized  in Tables  1 & 2.  Interestingly,  these
components  were  also  characterized  in  traditional  Chinese
medicine  with  the  exception  of  fenflumizole  and  benzyl  (3-
fluoro-4-morpholine-4-yl  phenyl)  carbamate.  As  for  the  ACE2
receptor,  11  out  of  169  compounds  exhibited  good  binding
affinities  (<−9  kcal/mol)  are  glycyrrhizic  acid,  theaflavin  3,3'-
digallate,  agnuside,  fenflumizole,  angelicide,  sageone,  oleanic
acid,  benzyl  (3-fluoro-4-morpholine-4-yl  phenyl)  carbamate,
glycerol  ester  of  rosin,  endere  S,  and  testosterone.  Of  which,
glycyrrhizic acid and oleanic acid are triterpenoidal acids. More-
over,  three out of 169 compounds, glycyrrhizic acid, theaflavin
3,3'-digallate,  and  agnuside,  inhibit  Mpro with  strong  binding
affinities  (<−9 kcal/mol).  Of  note,  the properties  of  glycyrrhizic
acid  against  SARS-CoV-2  have  been  pointed  out  in  our  previ-
ous  investigation[19].  It  is  also  interesting  that  theaflavin  3,3'-
digallate  which  is  a  phenolic  compound  generated  from
ginger,  was  found  to  be  interactive  with  both  ACE2  receptor
and  Mpro with  considerable  biding  affinities.  It  is  worth
mentioning that the current mainstream view about SARS-CoV-
2  is  the  observation  of  inflammation  storms  leading  to  death.
However,  we  believe  that  there  should  be  typical  'free  radical
storm'  or  severe oxidative stress  during SARS-CoV-2 in view of
biomedical  or  chemical  defense.  Normally,  inflammation  and
free  radical  including  reactive  oxygen  species  are  powerful
weapons for  human body against  evils.  Our present finding of
theaflavin  3,3'-digallate  and  previous  results  regarding  to

Table 1.    Top 10 flavor agents docking results.

Ligand
Binding energy

1R4L 6LU7 Sum

Glycyrrhizic acid −9.6 −9.3 −18.9
Theaflavin 3,3'-digallate −8.3 −10 −18.3
Agnuside −9.6 −8 −17.6
Fenflumizole −9.5 −7.7 −17.2
Angelicide −9.7 −7.1 −16.8
Sageone −9 −7.8 −16.8
Oleanic acid −9.4 −7.3 −16.7
Benzyl (3-fluoro-4-morpholine-4-yl phenyl)
carbamate

−9.4 −7.1 −16.5

Glycerol ester of rosin −9.4 −6.9 −16.3
Endere S −9.4 −6.8 −16.2

Table 2.    Key residues for the inhibitor binding.

Ligand
Key residues

1R4L 6LU7

Glycyrrhizic acid Arg273, His345, Ala348, Thr365, Arg518 Phe140, Gly143, His163, Gln189
Theaflavin 3,3'-digallate Asn149, Asn154, Arg273, Asn277, His345,

Lys363, Thr365, Arg518
Ser46, Tyr54, Phe140, Ser144, Cys145, Gly143, His163,
Glu166, Gln189, Thr190

Agnuside His345, Thr371, Glu406, Arg518 Thr24, Thr45, Leu141, Gly143, Ser144, Cys145, Glu166
Fenflumizole His345 None
Angelicide None Gly143, Ser144, Cys145
Sageone Arg273, His345 Gly143, Ser144, Cys145
Oleanic acid Glu406 none
Benzyl (3-fluoro-4-morpholine-4-yl
phenyl) carbamate

Arg273, His345, Thr445, Tyr515 Gly143, Ser144, Cys145, His163

Glycerol ester of rosin Arg273, His374, Arg518 Gly143, His163
Endere S Arg273, Arg518 Gly143, His163
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phenolics  as  hits[19] prompted  us  to  consider  their  effects
against SARS-CoV-2 might be also associated with their antioxi-
dant  potency.  With  this  rationale,  we  tentatively  suggest  that
marketed antioxidants such as edaravone and intake of ginger
with  high  content  of  phenolics  might  be  beneficial  for  SARS-
CoV-2 patients.  Unfortunately,  this  hypothesis  and therapeutic
approach  has  been  largely  ignored  during  the  SARS-CoV-2
outbreak.  Last  but  not  the  least,  it  is  not  surprising  that  the
other flavor agents are not hits with super good binding energy
(<−10 kcal/mol) (Supplemental Table S1) due to the difficulty of
their  relatively  simple  chemical  structures  in  occupying  the
whole catalytic pocket and provide high binding affinities.

In addition, glycyrrhizic acid, theaflavin 3,3'-digallate, oleanic
acid,  and  benzyl  (3-fluoro-4-morpholine-4-yl  phenyl)  carba-
mate  were  tested in  vitro Mpro/3CLpro activity  by  using
Mpro/3CLpro Inhibitor  Screening  Kit  (Fig.  1)[20].  The  results
showed  that  all  four  compounds  exhibited  inhibitory  activity,
with  theaflavin  3,3'-digallate  being  the  strongest,  and  further,
we tested theaflavin 3,3'-digallate and ebselen with IC50 values
of  16.56,  0.33 µM  (Fig.  2),  respectively.  The  current  study  veri-
fies  the  consistency  of  molecular  docking  and  experimental
results, but further studies need to be performed.

 Conclusions

Drug repurposing is a common strategy to fight novel coron-
avirus.  However,  most  of  drug  repurposing  studies  are  about
FDA  approved  drugs.  Flavor  ingredients  were  widely  used  to
prevent  plague  in  ancient  China  and  India,  and  are  commer-
cially  available  in  abundance.  We  were  curious  whether  flavor
ingredients  can  also  prevent  SARS-CoV-2  at  this  time.  Accord-
ing  to  docking  screening,  we  found  that  flavor  ingredients
including  glycyrrhizic  acid,  theaflavin  3,3'-digallate,  and  agnu-
side are most likely to directly bind to both viral Mpro and ACE2
receptor, lending a hand for countering against SARS-CoV-2. In
addition, experimental verification found that glycyrrhizic acid,
theaflavin  3,3'-digallate,  oleanic  acid,  and  benzyl  (3-fluoro-4-
morpholine-4-yl  phenyl)  carbamate  show  inhibit  Mpro/3CLpro

activity and are worth further study.
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