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 Abstract: Background: SARS-CoV-2 emerged in late 2019 and caused COVID-19. Patients treat-
ed with Zyesami were found to have a 3-fold decrease in respiratory failure and improved clinical 
outcomes. It was reported that Zyesami inhibits RNA replication of SARS-CoV-2, including sev-
eral non-structural proteins essential in viral RNA replication. SARS-CoV-2 is a distinctive virus 
that requires nsp10 and nsp16 for its methyltransferases activity which is crucial for RNA stability 
and protein synthesis. 

Objective: We aimed the in silico determination of inhibitory consequences of Zyesami on the 
SARS-CoV-2 nsp10/nsp16 complex. Targeting SARS-CoV-2 nsp10/ nsp16 protein complex may 
be used to develop a drug against COVID-19.  

Methods: I-TASSER was used for secondary structure prediction of Zyesami.  CABS-dock was 
used to model Zyesami with SARS-CoV-2 nsp16 interaction. The docked complex was visualized 
using PyMol. The quality of the docking model was checked by using ProQdock. 

Results: The 3D structure of SARS-CoV 2, nsp10/nsp16 showed that essential interactions exist 
between nsp10 and nsp16. Significant contact areas of Zyesami exist across amino acid residues of 
nsp10; Asn40-Thr47, Val57-Pro59, Gly69-Ser72, Cys77-Pro84, Lys93-Tyr96. In addition, polar contacts 
between nsp16 and Zyesami are Asn299-Ser440, Val297-Asn443, Gly149-Tyr437, Gln159-Lys430, Asn178-
Arg429, Ser146-Arg429, Ser146-Arg429, Lys147-Arg429, Asr221-Thr422, Lys183-Asp423, Lys183-Asp423, and 
Gln219-Asp423 the residues are shown of nsp16 and Zyesami respectively. 

Conclusion: The structural bioinformatics analyses have indicated the potential binding specificity 
of Zyesami and nsp16. Data predict how the initial binding of Zyesami with nsp10 and nsp16 may 
occur. Moreover, this binding could significantly inhibit the 2 -O-MTase activity of the SARS-
CoV nsp10/16 complex. 
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1. INTRODUCTION 

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causes a disease which is known as COVID-19. In 
the fight against this virus, researchers have come up with 
three options for developing new drugs [1]. The first option 
is to examine current broad-spectrum anti-viral drugs [2]. 
The second option is to use present molecular databases to 
find molecules that affect coronavirus [3]. The third option 
starts from scratch to develop new drugs based on the 
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genomic information of different coronaviruses [4]. Zyesami 
is a synthetic, vasoactive intestinal polypeptide (VIP). The 
trade name is Aviptadil, RLF-100. Zyesami and pituitary 
adenylate cyclase-activating polypeptide (PACAP) are syn-
thetic forms of VIP. It is known that VIP is produced by 
neuroendocrine cells, T and B cells, and is found in high 
concentrations in the lungs also. VIPs are reported to inhibit 
the replication of SARS-CoV-2 in lung epithelial cells and 
monocytes [5]. These VIPs are involved in the control of 
human intestine motility as well as immune system regula-
tion [6]. The VIP peptide comprises 28-amino acid residues, 
which were discovered by Said and Mutt in 1970 [7]. On the 
other hand, PACAP is a 38-amino acid long peptide isolated 
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from the ovine hypothalamus in 1989 [8]. VIP interacts with 
VIP receptor type-1 (VPAC1), present mainly in the lungs 
and T-lymphocytes, which are GPCR-type receptors. The 
mechanism of action of these peptides is to increase the pro-
duction of cyclic AMP in cells [9]. SARS-CoV-2, like other 
coronaviruses, uses S1 and S2 spike proteins on the envelope 
to bind to their cellular receptors, leading to a cascade of 
fusion between viral membranes and cells for cell entry. The 
SARS-CoV spike protein and its interaction with the cell 
receptor ACE2 is a critical initial step for SARS-CoV to 
enter target cells [10]. Furthermore, in vitro studies showed 
that the binding of SARS-CoV-2 RBD to ACE2 with high 
affinity suggests that the RBD is a functional component 
within the S1 subunit responsible for the binding of SARS-
CoV-2 by ACE2 [10-15]. Further studies reported that not 
only ACE2 but also neuropilin (NRP1) act as SARSCoV2 
host cell receptors implicated in the entry of SARS‑CoV‑2 
into human cells [16-18] and using host machinery, the virus 
starts its RNA replication within the host. The virus's specif-
ic molecular interaction with the host cell signifies a promis-
ing therapeutic target for identifying SARS-CoV-2 antiviral 
drugs. GNF-5, RS504393, GR 127935, hydrochloride hy-
drate, TNP, and eptifibatide acetate are drugs against SARS-
CoV-2. Many compounds have been identified as drugs 
whose target is the viral binding site of the ACE2 receptor. 
[19-21]. For example, eptifibatide acetate interacts with 
ACE2 through 3H-bonds with residues His34, Glu75, and 
Gln76, and hydrophobic bonds with Lys31, Glu35, Asp38, 
Leu39, Lys68, and Phe72 that could block interactions of the 
SARS-CoV-2–ACE2 receptor [22]. A protein-protein dock-
ing model based on the S1-subunit of SARS-CoV-2 used to 
identify molecular interactions with the ACE2 receptor 
found hotspot 31 and hotspot 353 as central residues of S-
RBD residues. Docking calculations suggest that the S-RBD 
residues of SARS-CoV-2 interacting with the ligands are 
Leu455, Phe486, Asn487, Gln493, and Ser494. The residues 
Leu455, Phe486, and Gln493 of S-RBD interact with hotspot 
31. However, Asn487 and Ser494 are known to interact with 
hotspot 353 [23]. KT203- a drug molecule that interacts with 
S-RBD residues through one hydrogen bond with O3-
O(Phe490)- Hydrophobic interactions Tyr449, Asn450, 
Tyr451, Leu452, Leu455, Lys458, Phe486, Tyr489, Pro491, 
Leu492, Gln493, Ser494 [22]. KT203 and BMS195614 dis-
played a maximum number of hydrophobic interactions with 
residues responsible for recognizing hotspot 31 and hotspot 
353 [22]. Further, KT203 binds with Leu455, Phe486, 
Tyr489, Gln493, and Ser494 through hydrophobic interac-
tions, all known to be a part of the virus binding motif of the 
ACE2 receptor. The SARS-CoV-2 RNA replication machin-
ery includes several non-structural proteins (nsp) that play 
fundamental roles in the synthesis and replication of the vi-
rus RNA. Nsp7/nsp16 are involved in the capping of viral 
RNA [24]. In conjunction with nsp10, a critical cofactor for 
SARS-CoV-2, nsp16 functions as a 2′-O-methyltransferase 
(MTase) [25]. This nsp10/nsp16 complex is necessary to 
ensure viral RNA integrity against host immune response 
[26, 27], indicating it as a potential therapeutic target. In this 
work, an in silico analysis of Zyesami’s interaction with 
SARS-CoV-2 nsp16 was performed to learn more about 
nsp16, a new anti-SARS-CoV-2 target. Hence, this computa-
tional approach would assist in providing more target infor-
mation against SARS-CoV-2 therapeutic intervention. 

2. MATERIALS AND METHODS 

2.1. Secondary Structure Prediction and Potential Bind-
ing Sites of Zyesami  

The amino acid sequence of Zyesami (HSDALFXDX 
YXRLRKQMAMKKYLNSVLN)was used to predict the 
secondary structure and possible binding sites within 
Zyesami using Iterative Threading ASSEmbly Refinement 
(I-TASSER) from (http://zhanglab.ccmb.med.umich.edu/I-
TASSER/). I-TASSER generated the modelled peptide struc-
ture of 28 amino acid residues, where the first identified 
structure of this peptide by Local Meta-Threading-Server 
(LOMETS) was used. Following this, the 3D model of 
Zyesami was prompted for protein-protein docking using 
BioLiP (https://zhanggroup.org/BioLiP/).  

2.2. Modelling of Zyesami with SARS-CoV-2 nsp16  
Interaction  

The tertiary structure of the target protein 
(PDBID_6W4H) for the nsp16-nsp10 complex from SARS-
CoV-2 was obtained from Protein Data Bank (PDB) 
(www.rcsb.org) database, and the peptide sequence for 
Zyesami was retrieved from PDB database. The amino acid 
sequence of Zyesami and PDB file was submitted to CABS-
dock [28] for docking Zyesami against SARS-CoV-2 nsp16. 
CABS-dock does not require prior binding site information 
and predicts 75.4% residues [28]. As input, it requires a PDB 
file and FASTA sequence. Protein-peptide docking was done 
based on interaction similarity. The required input is the tar-
get protein in PDB format (6W4H), and the peptide se-
quence was saved in FASTA format for input. CABS-dock 
has a size range limited to 900 and 30 amino acids for pro-
tein structure and peptide. The docked complex was visual-
ized using PyMol 2.4.1 for interaction analysis. The quality 
of the docking model was finally checked by using 
ProQdock [29].  

3. RESULTS 

3.1. Docking Model of Zyesami's Interaction with the 
SARS-CoV-2 nsp10/nsp16 Complex  

The three-dimensional structure of nsp16 (6W4H) was 
used as the target protein in the molecular interaction stud-
ies. The crystal structure, 6W4H, determined by X-ray dif-
fraction, shows that nsp16 is complexed with non-structural 
protein nsp10. In addition, nsp10 plays an important role as a 
cofactor for other non-structural proteins in SARS-CoV-2, 
which Laurini also reports. SARS-CoV-2, nsp10/nsp16 
(6W4H) is a heterodimer complex that is necessary for cap-
ping viral mRNA transcripts for effective translation of 
coronavirus RNA [30-32]. The nsp10/nsp16 system is also 
essential for preventing immune recognition [26, 27]. There-
fore, this work was carried out to identify binding sites of 
Zyesami against SARS-CoV-2/COVID-19 nsp16. For this 
purpose, CABS-dock was used to dock Zyesami within 
nsp16 of SARS-CoV-2/COVID-19 (accession number 
6W4H: A). The amino acid sequence of Zyesami was sub-
mitted to CABS-dock.ProQdock was used to check the 
quality of the docking model [29]. CABS-dock generated 
several docking models, and then ProQdock was used to 
rank these models according to their quality score, and only 
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the top-scored model was used in this work (Fig. 1A). The 
judgment of the high reliability of this docking model of the 
interaction of Zyesami (Fig. 1B) with SARS-CoV-2 nsp16 
(Fig. 1C) was based on the score of modeling confidence. 
The overall global quality score of this predicted docking of 
Zyesami-nsp16 was 0.91633. This score indicated that this 
prediction is a more confident model. The docking structure 
of nsp10 in a complex with nsp16 was solved by molecular 
replacement at 1.8 Å (PDB code 6W4H) with Zyesami, as 
shown in Fig. (1D). Identifying key amino acid residues in 
the interaction between Zyesami and the SARS-CoV-2 
nsp10/nsp16 complex. The docking model showed possible 
binding sites for Zyesami on nsp16 (Fig. 1). These potential 

binding sites for Zyesami on SARS-CoV-2/COVID-19 
nsp16 were visualized by PyMOL1.3. Based on this model 
of Zyesami and SARS-CoV-2/COVID-19 nsp16, several 
locations were identified as possible binding sites for this 
interaction (Fig. 2). In addition, TYR6828 and GLY6829 resi-
dues were identified as possible binding sites on nsp16 for 
HIS1 residue in Zyesami. In addition, there is contact be-
tween ASP3 of Zyesami and ASP6824, CYS6823, and LYS6822 
of nsp16. HIS6972, GLU6971, VAL6937, and CYS6823in nsp16 
were possible binding sites for Zyesami. The result also 
showed amino acid residues on Zyesami; VAL5, PHE6, 
TYR7, ASP8, ASN9, TYR10, TYR11, and ARG12 were pre-
dicted binding sites for nsp16 (Figs. 2A and 3). 

 
Fig. (1). Overall, the three-dimensional interaction structure of Zyesami with the SARS-CoV-2 nsp10/nsp16 complex is shown. (A) Docking 
model of Zyesami interaction with SARS-CoV-2 nsp16, 0.91633 (B) The three-dimensional structure of Zyesami, coloured in red. (C) Blue-
colored three-dimensional structure of nsp16. (D) Docking of Zyesami within the SARS-CoV-2 nsp10/nsp16 complex, with nsp10 coloured 
in cyan and nsp16 coloured in blue. CABS-dock was used to produce this model of Zyesami-NSP16 interaction, and ProQdock validated it. 
The score is 0.91633, indicating that this docking model is high quality. (A higher resolution / colour version of this figure is available in the 
electronic copy of the article). 
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Fig. (2). Potential Zyesami binding sites onSARS-CoV-2/ nsp16 residuesResidues of Zyesami on Y axisand nsp16 residues on X axis. (A) 
Bindingsites on nsp16 without Zyesami. (B) Binding sites on nsp16with Zyesami. (C) Contact map of interaction of Zyesamiwith nsp16. Resi-
dues of Zyesami on Y axisand nsp16 residues on Xaxis Residues that required for the interaction of Zyesami and nsp16. Possiblebinding sites for 
this interaction appeared in blue squares. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

4. DISCUSSION 

 The study of the interaction between SARS-CoV 
nsp10 and nsp16 was already established by many research-
ers [33, 35]. Yeast and mammalian two-hybrid systems were 
used to map this interaction [34, 35]. The three-dimensional 
structure of SARS-CoV 2, nsp10/nsp16 (PDB ID 6W4H), 
shows that essential interactions exist between nsp10 and 
nsp16 (Fig. 1D). Significant contact areas exist across nsp10 
amino acid residues; Asn40-Thr47, Val57-Pro59, Gly69-Ser72, 
Cys77-Pro84, Lys93-Tyr96 (Fig. 1D). These results agreed with 
previous reports about the interaction domain of the SARS 
coronavirus [33, 35]. Also, Ke et al. (2012) showed that the 
area between Gln65 and Pro107 is vital for its interaction 
with nsp16, while the region between Val42 and Cys120 of 
nsp10 is a vital area for the complete enzymatic activity of 
nsp16 [36]. The interaction study of Zyesami with the  
nsp16/nsp10 protein complex, shown as polar contacts be-
tween Chain A (in blue) and Chain C (in Red) are Asn299-

Ser440, Val297-Asn443, Gly149-Tyr437, Gln159-Lys430, Asn178-
Arg429, Ser146-Arg429, Ser146-Arg429, Lys147-Arg429, Asr221-
Thr422, Lys183-Asp423,  Lys183-Asp423, and Gln219-Asp423 the 
residues are shown of Chain A and Chain C respectively. 
PDBsum analysis is shown in (Fig. 4A), with a circular area 
representing the surface area of the protein, where Chain A 
(in Violet), Chain B (in Red), and Chain C (in dark yellow) 
are shown with reducing surface areas, respectively. The 
interaction between Chain A and Chain C is interesting (Fig. 
4B). The extended interface regions in the circles indicate 
the respective chains interacting, and the shaded part signi-
fies the interface area of the interacting chain. A total of 28 
residues from Chain A and 18 from Chain C interact in vari-
ous ways, with the red line representing a salt bridge, the 
blue line representing hydrogen bonds, and the orange line 
representing non-bonded interactions. DIMPLOT was used 
to visualize protein-protein interactions, representing the 
two-dimensional interaction of Zyesami and Chain A of the 
SARS-CoV-2 nsp16 protein, as shown in Fig. (4C). 
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Fig. (3) Potential binding sites for Zyesami on SARS-CoV-2/COVID-19 nsp10. (A) Binding sites on nsp10 withoutZyesami. (B) Binding 
siteson nsp10 with Zyesami. (C) Contactmap of interaction of Zyesami withnsp10. Residuesthat are required for the interaction of Zyesami 
and nsp10. Residues of Zyesamion the X axis andnsp10 residues on the Y axis. Possible binding sites for this interactionappeared in blue 
squares. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

 
Fig. (4). Interaction study between the chains (A): Chain A (nsp16 in violet), Chain B (nsp10 in red) and Chain C (Zyesami in dark yellow). 
The circle area indicates the surface area of the protein chains, and non-bonded interactions, hydrogen bonds, and salt bridges are indicated as 
orange, light blue, and red lines, respectively. (B) In Chain A and Chain B, 24 and 18 residues interact with different bonds, respectively. (C) 
2D representation of Chain A and Chain C's interaction, indicating residues of particular chains, bonds (H-Bonds in light blue and Salt Bridge 
in red) and bond lengths. A black dotted line indicates an interphase between chains. (A higher resolution / colour version of this figure is 
available in the electronic copy of the article). 
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Table 1. Residues involved in hydrogen bond interactions between Chain A and Chain C. 

Chain A Residues Atom Type Distance (Å) Chain C Residues Atom Type 

SER146 O 2.88 Å ARG429 NH2 

SER146 OG 2.84 Å ARG429 NH1 

LYS147 O 2.96 Å ARG429 NH1 

GLY149 N 2.99 Å TYR437 OH 

ASN178 OD1 2.99 Å ARG429 NH1 

LYS183 NZ 2.78 Å ASP423 OD1 

LYS183 NZ 2.82 Å ASP423 OD2 

GLN219 NE2 2.94 Å ASP423 OD2 

VAL297 N 3.09 Å ASN443 OD1 

ASN299 ND2 2.90 Å SER440 O 
 

There are ten hydrogen bonds between Chain A and 
Chain C as predicted from PDBSum, which include residues: 
Gly149-Tyr437, Val297-Asn443, Lys147-Arg429, Ser146-Arg429, 
Ans178-Arg429, Asn299-Ser440, Lys183-Asp423, and Gln219-
Asp423, which were included in Table 1.  

CONCLUSION 

 The structural bioinformatics analyses and results 
have indicated the potential binding specificity of Zyesami 
and nsp16. The data suggest that Zyesami's initial binding to 
NSp10 and NSp16 may occur in this manner. Moreover, this 
binding could significantly inhibit the 2-O-MTase activity of 
the SARS-CoV nsp10/16 complex. 
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