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Abstract: The receptor binding domain (RBD) of Spike-protein (S-protein) is 
responsible for virus entry via interaction with host protein ACE2 (angiotensin-
converting enzyme 2), present on the cell surface of humans. Therefore,  
S-protein is an important target to block the entry of the SARS-CoV-2 into the 
cell for further growth. In the present study, phytochemical repurposing of 
natural molecules: narirutin, naringin, neohesperidin and hesperidin were 
performed against the RBD S-protein/ACE2 interface as well as the RBD of the 
S-protein using molecular docking. These natural molecules were found to 
have structural similarity to each other and had binding potential against the 
viral infections. It is first time reported here that the naringin and narirutin are 
having binding potential against both RBD S-protein/ACE2 interface and 
active site of RBD of S-protein using binding mode analysis. Hence, this study 
will open avenues for multitargeting similar natural molecules binding against 
the SARS-CoV-2 proteins as all reports are made in this single study. 

Keywords: SARS-CoV-2; spike protein; ACE2; natural molecules; binding 
mode analysis; docking. 
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1 Introduction 

The Spike-protein (S-protein) which has the receptor-binding domain (RBD), is helpful 
to bind with residues of ACE2 protein and initiate the entry process of the SARS-CoV-2 
virus for further reproduction in human cell. The RBD of the S-protein is crucial for 
binding of SARS-CoV-2 virus with host cell angiotensin-converting enzyme 2 (ACE2) 
receptor. Without binding with ACE2 protein, SARS-CoV-2 cannot enter into the cell for 
proliferation and growth. Therefore, S-protein is an important target to block the entry of 
the SARS-CoV-2 into the host. Recent reports suggested that the residues of the ACE2 
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and RBD are important sites for drug design and discovery of inhibitors preventing entry 
(Du et al., 2009; Du et al., 2017; Lan et al., 2020; Yan et al., 2020). 

In-silico binding mode analysis has been attractive method for decades to identify the 
binding potential of small molecules against disease targets for drug design and 
discovery. For this purpose, molecular docking is method of choice and widely used to 
understand the binding interactions and mechanisms of binding to the active site of the 
target (Alakhdar et al., 2020; Botelho et al., 2020; Coro-Bermello et al., 2021; Eweas  
et al., 2022; Gupta et al., 2010). In addition, the structural similarity concept was also 
found very useful in drug design and discovery to identify structurally similar molecules 
with a similar type of activity (Sharma et al., 2019; Singh et al., 2020). On the other hand, 
phytochemical repurposing is an useful method to identify the new therapeutic category 
or use of the old phytochemicals against the new diseases or new drug targets (Chadha  
et al., 2022; Sharma et al., 2019; Zhang et al., 2021). There are lot of reports about 
successful use of repurposing concept in drug design and discovery (Chadha et al., 2022; 
Eweas et al., 2022; Zhang et al., 2021). This in-silico methodology is time-saving and 
cost-effective for the identification of potential molecules against biological targets for 
drug design. 

The natural molecules/herbs with reported antiviral activities can help to slow down 
the transmission and progression of the coronavirus disease. These plants are very useful  
raw materials available in abundance in developing countries and economically very 
feasible for harvesting and growing. The natural molecules (narirutin, naringin, 
neohesperidin and hesperidin) exhibited structural similarity (Figure 1). However, these 
natural molecules were also reported to have different activities for treatment of various 
diseases such as cancer, diabetes, TB, wound/skin disease, obesity, neuroprotective 
action, hepatic steatosis, cardiovascular diseases, etc. (Bagher et al., 2020; Chakraborty  
et al., 2021; Gollavilli et al., 2020; Heidary Moghaddam et al., 2020; Lu et al., 2020; 
Morita et al., 2020; Niu et al., 2021; Patel et al., 2020; Sahu et al., 2020; Shokoohi et al., 
2020; Syed et al., 2020; Wang et al., 2020). These natural molecules were found to have 
binding potential against different SARS-CoV-2 targets (Bellavite and Donzelli, 2020; 
Cheng et al., 2021; Haggag et al., 2020; Haridas et al., 2021; Mahdian et al., 2020; 
Puttaswamy et al., 2020; Wu et al., 2020). Only, hesperidin and neohesperidin were 
reported to have binding potential against RBD-S-protein/ACE2 interface (Bellavite and 
Donzelli, 2020; Cheng et al., 2021; Haggag et al., 2020; Haridas et al., 2021; Mahdian  
et al., 2020; Puttaswamy et al., 2020; Wu et al., 2020). In addition, hesperidin was also 
reported against papain like protease (PLpro), and main protease (Mpro) proteins of the 
SARS-CoV-2 which are responsible for replication of the SARS-CoV-2 (Agrawal et al., 
2021; Laksmiani et al., 2020). Recently, neohesperidin, naringin and narirutin were  
found to have potential against RNA dependent RNA polymerase (RdRp) and Mpro of 
SARS-CoV-2 (Bousta et al., 2021; Ghosh et al., 2021; Kandeel et al., 2020; Puttaswamy 
et al., 2020; Saric et al., 2021). Due to structural similarity among these natural 
molecules, they were found to exhibit the biological activities against the same SARS-
CoV-2 proteins (as mention above). Such similarity concept is already proved that 
structurally similar molecule may have similar type of the biological activity (Boström  
et al., 2006; Sharma et al., 2019). 

The natural molecules: narirutin and naringin are never reported till date against 
RBD-S-protein/ACE2 interface as entry inhibitors for SARS-CoV-2 infection. Hence,  
in silico phytochemical repurposing was performed to evaluate the binding affinity of 
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these phytochemicals against the RBD-S-protein/ACE2 proteins required for SARS-
CoV-2 entry into the host cell as entry inhibitor. 

Figure 1 shows all the natural molecules (narirutin, naringin, neohesperidin and 
hesperidin) showing structural similarity with each other (Figure 1). Like hesperidin and 
neohesperidin, narirutin and naringin may also have the binding ability with the RBD-S-
protein/ACE2 interface and/or RBD of S-protein. Therefore, in the present studies, in 
silico phytochemicals repurposing of narirutin and naringin were carried out to evaluate 
the binding potential against RBD-S-protein/ACE2 interface as well as RBD-S-protein 
using binding mode analysis approach. These results were compared with neohesperidin 
and hesperidin. These studies will give ideas about how narirutin and naringin can bind to 
the RBD-S-protein/ACE2 interface and RBD of S-protein alone. These natural molecules 
could interfere with the virus binding to the ACE2 protein and disrupt the virus cycle, 
thereby reducing the spread of viral infection. Hence, it may be useful to design further 
new entry inhibitor molecules against SARS-CoV-2 and thereby open new avenues for 
multitargeted drug binding with different proteins of the SARS-CoV-2. 

Figure 1 Chemical structure of the molecules reported against SARS-CoV-2 infections 

 

2 Material and methods 

2.1 Ligand and protein structure preparation 

The natural molecules (naringin, neohesperidin, narirutin, and hesperidin) were obtained 
from different literatures and found to have significant inhibitory potential against viral 
infections. All these natural molecules were collected from the PubChem and ZINC 
databases and their structures were prepared in the Ligprep in Schrödinger Maestro 
program. 

To study the binding mode analysis, molecular docking method was utilised.  
For docking studies, first SARS-CoV-2/ACE2 complex (PDB 6M17 (Yan et al., 2020)) 
and SARS-CoV-2 spike (PDB: 6XR8) proteins were collected from Protein databank 



   

 

   

   
 

   

   

 

   

   272 P. Gupta et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

(www.rcsb.org) and prepared for docking in the protein preparation wizard of 
Schrödinger platform. During the protein preparation, water molecules were removed, 
atomic clashes were optimised, only polar hydrogen were added and geometry of the 
hydrogen was also optimised. In SARS-CoV-2/ACE2 complex (PDB 6M17) only B 
(ACE2 residues) and E chain (SARS-CoV-2 spike residues) were kept for grid 
preparation, while rest of the chains and ligands were removed. 

Table 1 Binding mode analysis of the natural ligands against SARS-CoV2-ACE2 and  
SARS-CoV2 protein active site 

Name Entry 
Score  

(kcal/mol) Protein H-bonding Other interactions 

Neohesperidin  118 –8.956 6M17_BE Lys26B, Asp30B, 
Thr92B, Gln96B, 

Tyr505E 

Hydrophobic: Leu29B, Val93B, 
Ala386B, Ala387B, Pro389B, 

Leu392B, Tyr505E 

Hesperidin 119 –8.919 6M17_BE His34B, Glu37B, 
Arg403E, Gln409E, 
Lys417E, Tyr421E 

Hydrophobic: Pro389B, Phe390B, 
Phe456E, Tyr473E 

Narirutin 120 –7.785 6M17_BE Asp30B, Glu37B, 
Gln96B, Lys417E 

Hydrophobic: Leu29B, Val93B, 
Ala387B, Pro389B, Phe390B, 

Lys421E 

Naringin 121 –6.798 6M17_BE Lys26B, Asp30B, 
Glu37B, Tyr421E, 

Lys417E 

Hydrophobic: Phe390B, Pro389B, 
Ala387B, Phe456E, Tyr421E 

Pi-pi: Lys417E 

Naringin 64 –8.432 6XR8_A Tyr449, Glu484, 
Cys488, Phe490, 
Leu492, cGln493 

Hydrophobic: Tyr449, Leu452, 
Leu455, Phe456, Cys488, Tyr489, 

Phe490, Pro491, Leu492 

Hesperidin 66 –7.321 6XR8_A Glu484, Gly485, 
Phe490, Leu492, 

cGln493 

Hydrophobic: Phe456, Leu455, 
Phe486, Cys488, Tyr489, Phe490, 

Pro491, Leu492,  

Neohesperidin 68 –7.088 6XR8_A Glu484, Gly485, 
Phe490, Ser494 

Hydrophobic: Tyr449, Leu452, 
Leu455, Phe456, Phe486, Cys488, 
Tyr489, Phe490, Pro491, Leu492 

Narirutin 70 –7.049 6XR8_A Glu484, Gly485, 
Phe490, Leu492, 

cGln493 

Hydrophobic: Leu455, Phe456, 
Phe486, Cys488, Tyr489, Phe490, 

Pro491, Leu492 

Pi-pi: Phe486, Tyr489 

PDB: 6M17-Chain-B: ACE2; PDB: 6M17-Chain-E-SARS-CoV-2-RBD; 6XR8_A: 
SARS-CoV2. 
a, b, and c indicated the important interactions reported in the literature for binding with 
RBD-S-proein/ACE2 interface and RBD of S-protein: aBold text in interactions (Yepes-
Pérez et al., 2020); bBold-italic text in interactions (Choudhary et al., 2020); cCommon in 
both the references (Choudhary et al., 2020; Yepes-Pérez et al., 2020) italics and 
underlined. 
Gln493 critical for binding with ACE2 (Yuan et al., 2020). 

2.2 Binding mode analysis 

After protein preparation, grid was generated around the ACE2 residues (Gln24, Thr27, 
Asp30, Lys31, His34, Glu35, Asp38, Tyr41, Gln42, Glu37, Phe390, Gln388; Met82, 
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Lys353, Gly354, Asp355 and Arg357) which are used by S-protein of SARS-CoV-2 for 
binding and entering in to the host cell (Choudhary et al., 2020; Wan et al., 2020;  
Wu et al., 2009; Yepes-Pérez et al., 2020). The grid centre was X = 176.59, Y = 113.45, 
Z = 238.72. The docking studies were performed around the ACE2 residues which are 
responsible for binding with RBD of the S-protein. Similarly, SARS-CoV-2 S-protein  
structure (PDB: 6XR8) was also used to check the binding potential of natural molecules 
against the RBD domain. The RBD of S-protein was defined from residues 333 to 527. 
The RBD binds with the ACE2 protein by interacting with the key residues of it (Yuan  
et al., 2020). The grid was generated around the residues of RBD domain [333-527 (Yuan 
et al., 2020) ] of the SARS-CoV-2 protein [Lys417, Tyr49, Tyr453, Leu455, Gln474, 
Phe486, Gln493, Ser494, Gly496, Gln498, Thr500, Asn501, Tyr505]. These residues 
were found to be important for binding of the ACE2 with RBD of S-protein (Lan et al., 
2020; Wan et al., 2020; Yan et al., 2020; Yepes-Pérez et al., 2020). The centre of the grid 
X = 213.82, Y = 173.69, Z = 138.69 was calculated. Each grid files were used to dock the 
selected natural molecules against each protein (PDB IDs: 1M17 and 6XRB) using Glide 
module of Schrödinger platform at different levels: Standard precision (SP) and Extra 
precision (XP) to validate the docking results with subsequent refinement of the docking 
poses. All the natural molecules were used to check the binding modes against these 
proteins and to study their binding potential as an entry inhibitor. This would be useful 
for the treatment of the SARS-CoV-2 infection. The final output of the docking studies 
was analysed (Table 1). 

3 Results and discussion 

3.1 Binding mode analysis 

The recognition of RBD of S-protein of SARS-CoV-2 by ACE2 of human is achieved 
with the help of several residues present at the active site of both the proteins. The 
residues present in the ACE2 protein are Gln24, Thr27, Asp30, Lys31, His34, Glu35, 
Asp38, Tyr41, Gln42, Glu37, MET82, Lys353, Gly354, Asp355, Arg357 Phe390 and 
Gln388, while those found in the RBD of S-protein for ACE-2 binding, are Lys417, 
Tyr449, Tyr453, Gln474, Phe486, Gln493, Gly496, Gln498, Asn501, Thr500 and Tyr505 
(Choudhary et al., 2020; Lan et al., 2020; Yan et al., 2020; Yepes-Pérez et al.,  
2020; Yuan et al., 2020). The analysis of the docking result was done using these 
important residues responsible for binding with RBD-S-protein/ACE2 interface of 
SARS-CoV-2. 

In corona virus infection, virus enters in the human through interactions between 
RBD of SARS-CoV-2 and ACE2 of the host protein (human). ACE2 protein is mainly 
associated with cardiovascular diseases (like Heart attack, Chronic nephropathies, 
Hypertension, etc.). Directly hitting with ACE2 may lead to severe cardiac side effect. 
Blocking the binding of the RBD of S-protein with ACE2 protein could be the best 
strategies to inhibit the corona virus entry into the host cell. Thus, to study the 
effectiveness against S-protein/ACE2 complex, docking method was used against  
RBD-S-protein/ACE2 interface and RBD of the S-protein to understand the binding 
interactions of natural molecules. All the natural molecules were found to bind 
effectively into the active site of the RBD-S-protein/ACE2 complex as well as RBD of  
S-protein. 
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3.2 Binding modes with RBD S-protein/ACE2 interface 

The results obtained from docking studies against RBD-S-protein/ACE2 interface 
exhibited that all the natural molecules (Hesperidin, Neohesperidin, Narirutin, Naringin) 
were fitted well into the RBD-S-protein/ACE2 interface (Figure 2) with good binding 
scores ranging from –8.95 to –6.79 kcal/mol (Table 1). All the natural molecules were 
found to be interacted with key residues responsible for recognition of RBD of S-protein 
to the ACE2 binding site. It was found that neohesperidin and hesperidin were shown 
strong binding to RBD-S-protein/ACE2 interface and had highest affinity (–8.956 and  
–8.919 kcal/mol respectively) as compared to other natural molecules (Table 1).  
The hesperidin and neohesperidin were able to interact with those critical residues 
(Choudhary et al., 2020; Yepes-Pérez et al., 2020) required for binding of RBD-spike to 
the human ACE2 receptor. The neohesperidin exhibited major H-bonding interactions 
with the residues Lys26B, Asp30B, Thr92B, Gln96B, and Tyr505E along with 
hydrophobic interactions with Leu29B, Val93B, Ala386B, Ala387B, Pro389B, Leu392B 
and Tyr505E (Figure S1 in supplementary data). Likewise, hesperidin showed H-
bonding interactions with the residues His34B, Glu37B, Arg403E, Gln409E, Lys417E, 
and Tyr421E and hydrophobic interactions with Pro389B, Phe390B, Phe456E, Tyr473E 
(Figure S2 in supplementary data). Thus, these natural molecules (neohesperidin and 
hesperidin) exhibited multiple interactions with the critical residues of ACE2 which are 
essential for binding of RBD with ACE2 protein (Choudhary et al., 2020; Lan et al., 
2020; Yan et al., 2020; Yepes-Pérez et al., 2020). On the other hand, narirutin and 
naringin were docked near to hesperidin and neohesperidin with the less binding affinity 
of –7.785 kcal/mol and –6.798 kcal/mol, respectively as compared to neohesperidin and 
hesperidin. The narirutin exhibited five H-bonding interactions with key residues 
Asp30B, Glu37B, Gln96B, Lys417E and hydrophobic interactions with Leu29B, Val93B, 
Ala387B, Pro389B, Phe390B, Lys421E (Figure 3). However, naringin established the H-
bonding interactions with the residues Lys26B, Asp30B, Glu37B, Tyr421E, Lys417E and 
hydrophobic interactions with the residues Phe390B, Pro389B, Ala387B, Phe456E, 
Tyr421E (Table 1 and Figure 4). As evident from the literatures (Choudhary et al., 2020; 
Yepes-Pérez et al., 2020), all the natural molecules were exhibited satisfactory binding 
interactions against RBD S-protein/ACE2 interface of SARS-CoV-2. Highest binding 
affinities of the neohesperidin and hesperidin were observed at the contact interface of 
the RBD-spike-ACE2 protein. 

3.3 Binding modes with RBD of S-protein 

Recently, SARS-CoV-2 was resolved PDB ID: 6XR8 (Cai et al., 2020) by X-ray 
Crystallography. The RBD domain of the SARS-CoV-2 is crucial for binding to the 
ACE2 protein of the human cell, hence virus entry is possible into the human cell and 
leads to SARS-CoV-2 infection. Thus, the docking studies against the RBD of S-protein 
could help to understand the important binding interactions of the natural molecules 
against the RBD of S-protein which are responsible for recognition of ACE2 protein for 
SARS-CoV-2 entry. 
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The docking studies of natural molecules were focused against ACE2 binding site of 
RBD S-protein. All the natural molecules were fitted well into (Figure 5) the binding  
site of RBD of S-protein and shown good binding score ranging from –8.432 to  
–3.787 kcal/mol. All the natural molecules [naringin (–8.432 kcal/mol), hesperidin  
(–7.321 kcal/mol), neohesperidin (–7.088 kcal/mol) and narirutin (–7.049 kcal/mol)] 
exhibited good binding score and poses against RBD of S-protein (Table 1). It was found 
that naringin had highest affinity (–8.432 kcal/mol) against the RBD with respect to 
hesperidin, neohesperidin and narirutin. The key residues which shown major H-bonding 
interactions with naringin are Tyr449, Glu484, Cys488, Phe490, Leu492, and Gln493. 
While Leu452, Leu455, Phe456, Cys488, Tyr489, Phe490, Pro491 and Leu492 residues 
were shown hydrophobic interactions with naringin (Figure 6). Hesperidin established  
H-bonding interactions with Glu484, Gly485, Phe490, Leu492 and Gln493 and 
hydrophobic interactions with Phe456, Leu455, Phe486, Cys488, Tyr489, Phe490, 
Pro491 and Leu492 (Figure S3 in supplementary data). Similarly, neohesperidin  
(Figure S4 in supplementary data) and narirutin (Figure 7) were docked against RBD of 
S-protein, but exhibited slightly low binding affinities as compared to hesperidin  
(Table 1). All the natural molecules interacted with residue Gln493 which was reported to 
be crucial for binding with the ACE2 protein (Yuan et al., 2020). In addition, the critical 
residues (Choudhary et al., 2020; Yepes-Pérez et al., 2020; Yuan et al., 2020) which are 
required for binding of RBD to the human ACE2 receptor were also reflected in the 
docking results of these natural molecules (Table 1). 

Figure 2 Docking poses of the natural products against RBD-S-protein/ACE2 interface (PDB ID: 
6M17), yellow colour secondary structure represents the ACE2 protein and green 
colour secondary structure represents the RBD of S-protein. Hesperidin (in magenta), 
Neohesperidin (in Cyan), Narirutin (in brown) and Naringin (in blue) (see online 
version for colours) 
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Figure 3 (a) 2D and (b) 3D docking poses of the natural product: Narirutin against RBD-spike 
(PDB ID: 6M17), Ribbon is secondary structure of RBD spike-ACE2 protein (PDB: 
6M17). Magenta colour sticks represents Narirutin. Cyan and green colour sticks 
represent the binding residues having interactions with Narirutin. Yellow dots represent 
the H-bonding (see online version for colours) 
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Figure 4 (a) 2D and (b) 3D docking poses of the natural product: Naringin against RBD-spike 
(PDB ID: 6M17), Ribbon is secondary structure of RBD spike-ACE2 protein (PDB: 
6M17). Magenta colour sticks represents Naringin. Cyan and green colour sticks 
represent the binding residues having interactions with Naringin. Yellow dots represent 
the H-bonding (see online version for colours) 

 
(a) 

 
(b) 
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Figure 5 Docking poses of the natural products against RBD of S-protein (PDB ID: 6XR8), 
Green colour secondary structure represents the RBD-S-protein. Hesperidin  
(in magenta), Neohesperidin (in Cyan), Synephrine (in orange), Narirutin (in brown) 
and Naringin (in blue) (see online version for colours) 

 

Figure 6 (a) 2D and (b) 3D docking poses of the natural product: Naringin against RBD of  
S-protein (PDB ID: 6XR8), Ribbon is secondary structure of RBD of S-protein  
(PDB: 6XR8). Magenta colour sticks represents naringin. Cyan and green colour sticks 
represent the binding residues having interactions with naringin. Yellow dots represent 
the H-bonding (see online version for colours) 
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Figure 6 (a) 2D and (b) 3D docking poses of the natural product: Naringin against RBD of  
S-protein (PDB ID: 6XR8), Ribbon is secondary structure of RBD of S-protein  
(PDB: 6XR8). Magenta colour sticks represents naringin. Cyan and green colour sticks 
represent the binding residues having interactions with naringin. Yellow dots represent 
the H-bonding (see online version for colours) (continued) 

 
(b) 

Above docking studies, revealed that the neohesperidin and hesperidin were found to 
have high binding potential against RBD S-protein/ACE2 interface as well as RBD of  
S-protein. However, the naringin was found to have high binding affinity with RBD  
of S-protein only. The narirutin also showed high binding potential with RBD  
S-protein/ACE2 interface as compared to RBD of S-protein. All the natural molecules 
exhibited the binding with residue Gln493 which is reported to be important for binding 
with ACE2 protein. In addition, H-bonding interactions with residue Lys417E was found 
to be important for forming salt bridges with Asp30B of ACE2 (Ali and Vijayan, 2020; 
Shah et al., 2020) protein. The final results of binding mode analysis of phytochemical 
repurposing using docking studies were reflected that naringin and narirutin had the 
potential to disrupt the interactions of RBD with ACE2 protein of human, i.e. as entry 
inhibitors against SARS-CoV-2 infection. However, hesperidin (Mahdian et al., 2020; 
Wu et al., 2020) and neohesperidin (Wu et al., 2020) are already reported in literatures  
to have binding potential against RBD of S-protein as well as RBD S-protein/ACE2 
interface. The naringin and narirutin first time reported for binding potential against RBD 
S-protein/ACE2 interface as well as RBD of S-protein as entry inhibitors. This work 
concluded that naringin and narirutin may have multitargeted binding potential against 
SARS-CoV-2 proteins (RBD S-protein/ACE2 interface and RBD of S-protein). 
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Figure 7 (a) 2D and (b) 3D docking poses of the natural product: Narirutin against RBD of  
S-protein (PDB ID: 6XR8), Ribbon is secondary structure of RBD of S-protein  
(PDB: 6XR8). Magenta colour sticks represents naringin. Cyan and green colour sticks 
represent the binding residues having interactions with naringin. Yellow dots represent 
the H-bonding (see online version for colours) 
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4 Conclusions 

SARS-CoV-2 infection has raised global health threat and millions of people are infected. 
Till date there is no specific treatment approved for this pandemic infection. In the 
SARS-CoV-2 life cycle, virus entry into the host cell is the crucial step to control the 
infection in the human. This step disrupts the spread of the viral infection. For SARS-
CoV-2 entry into host, RBD of S-protein binds with host ACE2 protein, leading to viral 
entry. If interactions between both the proteins (RBD S-protein and ACE2 protein) is 
disrupted then viral entry into the host cell can be blocked. The naringin and narirutin 
were exhibited binding potential against both RBD of S-protein and RBD  
S-protein/ACE2 interface in docking studies. More importantly, these natural molecules 
were found to have interactions with key residues (Gln493 and Lys417E) which were 
found crucial for binding RBD S-protein with ACE2 protein. Thus, these natural 
molecules (naringin and narirutin) may disrupt the entry of the SARS-CoV-2 into the 
human cell, which need to be validated experimentally. However, the naringin and 
narirutin potential against other SARS-CoV-2 targets are opening the avenue for 
multitargeted binding with similar natural molecules against the SARS-CoV-2 proteins. 
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Supplementary material 

Figure S1 (a) 2D and (b) 3D docking poses of the natural product: Neohesperidinagainst RBD of 
S-protein (PDB ID: 6M17), Ribbon is secondary structure of RBD-S-protein/ACE2 
interface (PDB: 6M17). Magenta colour sticks represents neohesperidin. Cyan and 
green colour sticks represent the binding residues having interactions with naringin. 
Yellow dots represent the H-bonding (see online version for colours) 
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Figure S2 (a) 2D and (b) 3D docking poses of the natural product: Hesperidin against RBD of  
S-protein (PDB ID: 6M17), Ribbon is secondary structure of RBD-S-protein/ACE2 
interface (PDB: 6M17). Magenta colour sticks represents hesperidin. Cyan and green 
colour sticks represent the binding residues having interactions with naringin.  
Yellow dots represent the H-bonding (see online version for colours) 
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Figure S3  2D and 3D docking poses of hesperidin against PDB 6XR8: Magenta colour sticks 
represents hesperidin molecules. Cyan and green colour sticks represent the binding 
residues having interactions with hesperidin (see online version for colours) 
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Figure S4 2D and 3D docking poses of neohesperidin against PDB 6XR8: Magenta colour sticks 
represents hesperidin molecules. Cyan and green colour sticks represent the binding 
residues having interactions with hesperidin (see online version for colours) 
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