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Abstract

Flavor and spice is 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 the flavor components can prevent
human from SARS-CoV-2 infection. Given that the druggable antiviral target ACE2
receptor and viral main protease 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 main protease, indicating their potential for

SARS-CoV-2 treatment.



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), which started 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 has been widely used in China and India
since ancient time, some spice such as ginger and pepper is used to fight against
dampness evil in the body according to the philosophy of traditional Chinese
medicine, however, whether these components do prevent from virus infection is still
questionable. Here we tried to use molecular docking screening to identify potential

anti-SARS-CoV-2 agents from flavor ingredients.

Not surprisingly, spike protein of SARS-CoV-2 can directly bind to angiotensin
converting enzyme 2 (ACE2) receptor of host cells (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 we selected ACE2

receptor as a protein model to quickly identify entry inhibitors of SARS-CoV-2.



Besides the blockade of viral entry, the inhibition of viral replication is another good
strategy for antiviral drug discovery and development (6). Given that SARS-CoV-2 is
a (+)SS RNA virus, its main protease could cut two replicase polyproteins, which is
required to mediate viral replication and transcription. In this way, the inhibitor of
main protease might block virus replication. The crystal structure of SARS-CoV-2
main protease (PDB: 6LU7) was reported (7). We consequently docked flavor

components to main protease to look for antiviral replication agents.

Materials and Methods

The three dimensional structure of ligands (aroma oil components) were generated by

CORINA online service (https://www.mn-am.com/online_demos/corina_demo). Then

the PDB ligand was converted to PDBQT ligand using Autodock Tools. The protein
model 1R4L was selected as ACE2 receptor docking model while 6LU7 was selected
as M protease docking model. Both PDB files of protein models were fetched from
Protein Data Bank. The docking screening were conducted by using AutoDock Vina
v.1.0.2. The docking parameters for AutoDock Vina were kept at their default values.
The grid box was 25 A by 25 A by 25A, encompassing the catalytic pocket. The
binding modes were clustered through the root mean square deviation (RMSD)
among the Cartesian coordinates of the ligand atoms. The docking results were ranked
by the binding free energy. The binding results were graphically presented by using

PyMOL1.3 (Schrodinger, LLC).



Results

Totally we docked 169 flavor components to two drug targets. The top 10 hits are
summarized in Tables 1 and 2. The top ten hits 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, and endere S.
Interestingly, the majority of the components are also found in traditional Chinese
medicine with the exception of fenflumizole and benzyl (3-fluoro-4-morpholine-4-yl
phenyl) carbamate. As for ACE2 receptor, 11 out of 169 compounds exhibit good
binding affinities (<-9 kcal/mol), they 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.
Besides, 3 out of 169 compounds, glycyrrhizic acid, theaflavin 3,3'-digallate and
agnuside, inhibit main protease with strong binding affinities (<-9 kcal/mol). Of note,
the properties of glycyrrhizic acid against SARS-CoV-2 have been pointed out in our
previous investigation (8). It is also interesting that theaflavin 3,3'-digallate, a
phenolic compound present in ginger, was found to interact both with ACE2 receptor
and M protease with considerable biding affinities. It is worth mentioning that the
current mainstream view about SARS-CoV-2 is the observation of inflammation

storm leading to the death. However, we believe that there should have typical “free
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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 is a powerful weapon for human body against evils. Our present
finding of theaflavin 3,3'-digallate and previous results regarding to phenolics as hits
(8) prompted us to consider their effects against SARS-CoV-2 might be also
associated with their antioxidant 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 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) ( Table appendix) because their
chemical structures are relative simple, so that it is difficult for them to occupy the

whole catalytic pocket and provide high binding affinities.

Conclusion

Drug repurposing is a common strategy to fight novel coronavirus. However, most of
drug repurposing study is about FDA approved drugs. Flavor ingredients were widely
used to prevent plague in ancient China and India and are commercially available
with good supply. We were curious that whether flavor ingredients can also prevent
SARS-CoV-2 at this time. According to docking screening, we found that flavor

ingredients including glycyrrhizic acid, theaflavin 3,3'-digallate, and agnuside are
6



most likely to directly bind to both viral M protease and ACE2 receptor, lending a

hand for fighting against SARS-CoV-2.
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Table 1. Top 10 flavor agents docking results

Binding Energy

Ligand
1R4L. 6LU7 Sum
Glycyrrhizic acid -9.6 93 -18.9
Theaflavin 3,3'-digallate -8.3 -10  -18.3
Agnuside -9.6 -8 -17.6
Fenflumizole -9.5 =17 -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 94  -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,
GIn189

Theaflavin 3,3'-digallate

Agnuside

Fenflumizole
Angelicide
Sageone
Oleanic acid

Benzyl
(3-fluoro-4-morpholine-4-y
1 phenyl) carbamate

Glycerol ester of rosin

Endere S

Asnl49, Asnl54,
Arg273, Asn277,
His345, Lys363,
Thr365, Arg518

His345, Thr371,
Glu406, Arg518
His345
None
Arg273, His345
Glu406

Arg273, His345,
Thrd45, Tyr515

Arg273, His374,
Arg518

Arg273, Arg518

Ser46, Tyr54, Phel40,
Ser144, Cysl145, Gly143,
His163, Glul66, GIn189,

Thr190

Thr24, Thr45, Leul41,
Gly143, Ser144, Cys145,
Glul66

None
Gly143, Ser144, Cys145
Gly143, Ser144, Cys145

none

Gly143, Ser144, Cys145,
His163

Gly143, His163

Gly143, His163
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Appendix Table 1. Flavor agents docking results

No. Ligand Structure Binding Energy
1R4L | 6LU7 | Sum
1 | Glycyrrhizic acid
-9.6 -9.3 -18.9
HO “OH
OH
2 Theaflavin -8.3 -10 -18.3
3,3'-digallate
3 Agnuside OH -9.6 -8 -17.6
=
o3
HO o] o]
Ho” ~© o OH
HO™
4 Fenflumizole o— -9.5 -7.7 -17.2
5 Angelicide -9.7 -7.1 -16.8
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6 Sageone -9 -7.8 -16.8
7 Oleanic acid 94 -7.3 -16.7
8 Benzyl 94 -7.1 -16.5

(3-fluoro-4-morph

oline-4-yl phenyl)

carbamate
9 | Glycerol ester of -9.4 -6.9 -16.3
rosin

10 Endere S 94 -6.8 -16.2
11 Testosterone -9 -6.8 -15.8
12 Artabsin -8.7 -6.7 -154
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13 Elantrine \N -8.6 -6.8 -15.4
G0
N ~
I
14 Piperine 0 -8.3 -6.6 -14.9
0 DWL;\O
o
15 Nonanal 07 > TN -8.1 6.6 | -14.7
16 | (1R,2S,5R)-2-Isop J -8.2 -6.2 -14.4
ropyl-N-(4-metho ;
xyphenyl)-5-meth N
ylcyclohexane-1-c¢ ~ O/©/ 0
arboxamide
17 | 2,5-Dimethyl-4-(2 0 -7.7 -6.6 -14.3
. . OH
-thienylaminosulp o /_@
honyl)furan-3-car O/ P #—NH S
boxylic o)
18 Angelicone -7.9 -6.3 -14.2
19 Traseolide -1.7 -6.3 -14
20 Vitamin A -8.3 -5.6 -13.9
21 Curcumadione >_0<\:>\/\H/ -7.5 -6.1 -13.6




22 Muscone -8 -5.6 -13.6
23 | 1-Phenyl-1,3,3-tri -7.8 -5.7 -13.5
methylindan . i
24 Angelicin 3 o o -7.5 -5.9 -13.4
=
25 | 3-(Trifluoromethy -7 -6 -13
)cinnamic acid F A~ OH
F F O
26 | Curcumanolide-A -7.8 -5.2 -13
27 | N-[(Ethoxycarbon ~ o -7.3 -5.4 -12.7
yl)methyl]-p-ment B " (
hane-3-carboxami 0
de R
28 Menthyl lactate OH -7.1 -5.5 -12.6
.\\O\n/-\
0]
29 10-Gingerol -7 -5.6 -12.6
HO
\O -
O OH
30 | (+)-Delta-Cadinen -7 -5.4 -12.4

(&




31 | 4-Methyl-2-pheny -7 -5.4 -12.4
1-3,6-dihydro-2H- @ N\
pyran o
32 Ligustilide -7 -5.4 -12.4
0Ny
33 Asulam 0 -6.9 -5.5 -12.4
v )-£ o
© 0]
34 Dhelwangin OH O -6.7 -5.7 -12.4
LT
o 0
35 Lily aldehyde % 9 -6.7 -5.5 -12.2
36 Nerolidol HO -6.5 -5.6 -12.1
AN = =
37 | 2-Formylcinnami Ox o -6.6 -54 -12
c acid
N"oH
38 4-Epoxy O/ -6.4 -5.6 -12
isoeugenol
N P \
0]
39 | 6-Methylcoumari 0. _0 -6.7 -5.3 -12
" o
=
40 | Cinnamylacetate -6.6 -5.4 -12
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41 Gingerdione 0 -6.7 -5.3 -12
/OM
HO O
42 | 2-Methoxy-4-[(1E o -6.5 -5.5 -12
)-1-propenyl]phen /\/©/O\n/
1 acetate
y N o}
43 | 3-(3,4,5-Trimetho | o -6.7 -5.2 -11.9
xyphenyl)propeno O ) RN
ic acid ethyl ester o
O\
44 | a-(2,4-Dichloroph Cl /=N -6.5 -54 -11.9
.. N
enyl)-1H-imidazo ClO_( =
le-1-ethanol OH
45 | 3-Hydroxy-2-buta f, OE oH -6.7 -5 -11.7
none dimer ....Ji I
Ho ©
46 | 4-Methylcinnamic o -6.6 -5.1 -11.7
acid methyl ester /@/\)‘\O P
47 S-Lonone 0 -6.8 -4.9 -11.7
é@)‘\
48 | Patchouli alcohol @ -6.6 -5 -11.6
S
49 | N-Ethyl-p-mentha o 67 | 49 | -11.6
ne-3-carboxamide ' N~
H




50 (E,E)-Farnesol S OH -6.3 -5.1 -11.4
/
/
51 o-lonone / -6.4 -5 -11.4
--||/ (@]
52 Ethyl 0 -6.5 -4.9 -11.4
(2E)-3-(4-hydrox X0
henyl)acrylate
yphenyl)acry "o §
53 Isoeugenol —0 -6.2 -5.2 -11.4
HO‘<\ >~/
54 Ethyl 0 -6.2 -5 -11.2
4-chlorocinnamat Cl 74 OJ
e
55 Terpineol HO > < > -6.4 -4.8 -11.2
56 | (E,E,E)-2,6,10-Tri -6.2 -5 -11.2
methyldodeca-2,6 O N NNF
,9,11-tetraen-1-al
57 | 3-Phenylpropioni 0 -6.3 -4.8 -11.1
c acid @/\)‘\
OH
58 | 2-Benzylidene-1- HO -6.3 -4.8 -11.1
heptanol 5\/\/\
59 Azulene -6.1 -4.9 -11




60 | Dibutyl phthalate o -5.9 -5.1 -11
o>
O\/\/
O
61 Eugenol /ojij/\/ -6.1 -4.9 -11
HO
62 L-(-)-Carvone -6 -5 -11
(Spearmint oil) O:b
J
63 Piperonyl 0 N -6 -5 -11
aldehyde < :©/\O
0]
64 | Methyl salicylate 0 -6.1 -4.9 -11
(Wintergreen oil) d‘\ o
OH
65 | Ethyl cinnamate ©\/\)OJ\ -6.2 -4.8 -11
= O/\
66 Methyl -0 0 -6.2 -4.7 -10.9
dihydrojasmonate &
O)\
67 Methyl _0 -6.1 -4.8 -10.9
isoeugenol - @\/\
0]
68 Neryl acetate -5.9 -5 -10.9
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69 1-Phenylethyl -0 -6.1 -4.8 -10.9
acetate ©A-O )J\
70 3-Methyl -6.1 -4.7 -10.8
cinnamaldehyde /@\/\&O
71 Butyl cinnamic -6.1 -4.7 -10.8
aldehyde
oM
72 Cinnamic acid o -5.9 -4.9 -10.8
O/\)‘\OH
73 cis-Jasmone -5.9 -4.9 -10.8
%/\/\
O
74 | Cuminaldehyde -6.1 -4.7 -10.8
_0O
75 | Raspberry ketone 0 -5.9 -4.9 -10.8
i /@/\)‘\
76 Thymol /EOS)\ -6.1 -4.7 -10.8
77 | 2-Tert-Butylcyclo o) -6.2 -4.5 -10.7

hexyl acetate




78 Ethyl vanillin OH -5.7 -5 -10.7
79 | a-Hexylcinnamal -5.8 -4.8 -10.6
dehyde
o
80 | p-Menthane-3,8-d -6.1 -4.5 -10.6
iol OXOH
W N 0H
81 | (-)-Perillaldehyde >\ : -5.9 -4.6 -10.5
\O
82 Allyl 0 -5.9 -4.6 -10.5
cyclohexanepropi o0 NF
onate
83 Dimethyl >:O -5.9 -4.6 -10.5
2-acetamidopropa HN 0O
nedioate :84
O J—
O
/
84 | 1,2-Dimethoxy-4- 0 -6.1 -4.4 -10.5
(2-propenyl)-benz - :@\/\
o) X
en
85 Linalyl acetate /k -5.9 -4.6 -10.5
o 0
W)\
86 Menthone o k -5.9 -4.6 -10.5
87 | Dihydro cuminyl OH -5.8 -4.6 -10.4
alcohol >—®—/
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88 Linalyl /\[ -5.9 -4.5 -10.4
ropionate
prop 0"
N Z
89 Vanillin ~0 -5.5 -4.9 -10.4
HO
_0
90 y-Terpinene )\@\ -5.8 4.6 | -10.4
91 | 2,4-Dimethyl-3-c -5.7 -4.7 -10.4
yclohexene U/O
formaldehyde "~
92 | 2-Acetoxy-2-meth )?\ M -5.8 -4.5 -10.3
yl-6-methylene-7- o Z
octene
93 | 2-Methoxy-4-met OH -5.6 -4.7 -10.3
hylphenol /@
O/
94 Limonene ) 5.8 45 | -103
95 Azone 0 -6.1 -4.1 -10.2
@(CH2)11CH3
96 cis-Cinnam N -5.6 -4.6 -10.2
aldehyde ©/\L\O

97 Fema 3236 o -5.8 -4.4 -10.2
\\\“Q"’/)\

98 1,8-Cineole -5.9 -4.3 -10.2
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99 (£)-2-Bornanol -5.7 -4.4 -10.1
HO 4
100 (-)-Camphor -5.8 -4.3 -10.1
101 | 3,5-Dimethyl-4-c -5.4 -4.7 -10.1
yclohexene
formaldehyde ., 0
102 Cinnamic ©W 57 | -44 | -10.1
aldehyde NGO
103 | Cinnamonitrile ©/v// N -5.7 -4.4 -10.1
104 Anethol X -5.8 -4.3 -10.1
ST
105 | 2-Hexyl-2-cyclop O:O\/\/\/ 55 | -45 -10
enten-1-one
106 | 3,3-Diethyloxy-1- It 5.5 4.5 -10
propargyne
/\O O/\
107 | Cinnamyl alcohol O/\/\OH -5.6 -4.4 -10
108 Jasmone E?_/I -5.9 -4.1 -10
109 Linalool HO, = -5.5 -4.5 -10
NG =
110 Geraniol 5.3 -4.6 -9.9
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111 Nerol OH -5.4 -4.5 -9.9
&(\/\(
112 | (R)-(+)-p-Citronel HO\/\‘/\/\( -5.3 -4.6 -9.9
lol
113 Citral Ox N -5.4 -4.4 -9.8
114 | N,2,3-Trimethyl-2 0 -5.7 -4.1 -9.8
-isopropylbutamid );EL H/
e
115 | Para-Mentha-8-th 0 -5.6 -4.2 -9.8
iolone H%
116 | y-Decalactone -5.3 -4.5 -9.8
o@"’//\/\/
117 Comphene II i -5.5 -4.2 -9.7
118 Linoleic acid -5.1 -4.6 -9.7
(Grape seed oil) s OH
119 Sabinene 5 , -5.4 -4.3 -9.7
120 | Anisaldehyde o) -5.3 -4.3 -9.6
\Ovo
121 Apricolin \/\/’LOF -5.4 4.2 -9.6
O
122 Phenylethyl OH -5.3 -4.3 -9.6
alcohol ©/\/




123 | 2-Aminomalonam NH, -5.1 -4.4 -9.5
. H,N NH,
ide
O O
124 | (2E)-Decenoic o -5 -4.5 -9.5
acid HO)J\/\/\/\/\
125 Allyl o (Y -5.4 4.1 -9.5
(3-methylbutoxy) S J_o
acetate
126 | p-Bromostyrene Br\/\© -5.3 -4.2 -9.5
127 Citronellal B -5.3 -4.2 9.5
o~ 7
128 v-Octanoic O -5.3 -4.2 -9.5
lactone (é
NN\
129 Isoamyl o -5.7 -3.8 -9.5
i lerat
isovalerate )\AO M
130 | 2,2,5-Trimethyl-4 -5.5 -3.9 9.4
-hexenal 04><\)\
131 | 2-Methylbutyl )\)OJ\ -53 4.1 -9.4
isovalerate o/\r\
132 | 7-Hydroxy-3,7-di MH -5.2 -4.2 9.4
Ox
methyloctanal
133 DAAM 0 O -5.1 4.3 -9.4
(Diacetone \)J\NM
acrylamide) H
134 Oleic acid -5.3 -4 9.3
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135 Benzaldehyde : -5 -4.2 9.2
\O
136 | 2,3,5-Trimethylpy Ny -5 -4.1 9.1
razine \[ I
N
137 Palmitic acid OH -4.9 -4.2 -9.1
oSS
138 Prenyl acetate 0 -5.1 -4 9.1
139 | 7-Methyl-3-methy )\/\/H\/ -5.2 -3.8 -9
. N Pz
leneocta-1,6-dien
e
140 Butyl lactate 0 -4.9 -4 -8.9
OH
141 Ethyl o -5 -3.9 -8.9
2-bromo-3-methyl Br o~
butyrate
142 | Isoamyl butyrate 0 -5.2 -3.7 -8.9
PUSPPN
143 | 5-(2-Hydroxyethy N -4.7 -4.1 -8.8
1)-4-methylthiazol [
HO S
e
144 | 5-Methylfurfural 0~ | 0 4.8 -4 -8.8
Y/
145 | a-Angelic lactone \EO):O 49 | -39 -8.8
146 | Heptanoicacid o -4.8 -4 -8.8




147 | Methyl lactate o -4.5 -4.1 -8.6
- o”
OH

148 N-Methylol 0 -4.3 -4.2 -8.5

acrylamide A H/\ OH
149 n-Nonanol HO™ " " -4.5 -4 -8.5
150 | Ethyl isovalerate 0 -4.8 -3.6 -8.4

PN
151 | 2-Methyl butyric O -4.6 -3.8 -8.4

acid MO H
152 | Sodium-2-ethylca o -4.8 -3.6 -8.4
proate N o Na
153 4-Nonene NN -4.4 -3.9 -8.3
154 | Propargylaldehyd _/ -4.6 -3.7 -8.3
. O
e diethyl acetal . <
°\
155 | Ethyl hexanoate 0 -4.7 3.5 -8.2
/\/\)J\o/\

156 Ethyl O -4.5 -3.6 -8.1

2-methylbutyrate /\Hko/\
157 | Butanone alcohol o -4.1 -3.7 -7.8
158 Heptanol e~ ~_OH -4.2 -3.5 -7.7
159 Leaf alcohol -4.2 -3.5 -1.7
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160 | 2-Methylbutyrald o“ -4.1 -3.5 -7.6
chyde /\‘/\
161 | Pineapple methyl 0 -4.4 -3.2 -7.6
t
ester \S o/
162 Ethyl 0 -4.1 -3.4 -7.5
3-methylthiopropi s o™
onate
163 1-Nonene NN -4.2 -3.2 -7.4
164 | Isobutyraldehyde J\ -3.8 -3.2 -7
Ox
165 Valeraldehyde 5 N~ -3.8 -3.2 -7
166 Isobutanol OH -3.6 -3.2 -6.8
167 | 3-Methylthlo-1- -3.4 -3. -6.
ylthlo-1-pr S _~_OH 3 33 6.7
opanol
168 Allyl Sulfide S -3.6 -3 -6.6
169 Thiazolidine SI:/\N H -3 -2.9 -5.9
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