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 Abstract: 
 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which emerged in late 2019, causes 

COVID-19, a disease that has been spreading rapidly worldwide. In human lung epithelial cells and 

monocytes, RLF-100 (aviptadil) has been found to inhibit the RNA replication machinery of SARS-CoV-

2, which includes several non-structural proteins (nsp) that play essential roles in synthesizing and 

replicating viral RNA. This virus is unique in requiring nsp10 and nsp16 for methyltransferase (MTase) 

activity. This enzyme is essential for RNA stability, protein translation, and viral ability to escape the 

host's immune recognition. Therefore, we aimed to use bioinformatics tools to analyze aviptadil's 

inhibitory effect on the SARS-CoV-2 nsp10/nsp16 complex. We present a comprehensive, in silico-

generated picture showing how aviptadil may interact with the nsp complex. Specifically, our model 

predicts how the initial binding of aviptadil to nsp10 and nsp16 may occur. This knowledge can assist 

drug development efforts against SARS-CoV-2 by providing more target information against nsp16. 
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Introduction     

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes the disease known as COVID-

19, characterized by mild to severe respiratory illness, fever, and pneumonia. As of January 26, 2021, 

SARS-CoV-2 has infected approximately 100,350,064 persons with a mortality of 2,151,552 cases 

globally [1]. Thus far, no effective treatments are available, although vaccines against this coronavirus 

have been launched recently. The efficacy of these vaccines is currently being monitored. Three research 

approaches are currently being used to discover new drugs to combat the disease [2]: The first approach 

examines current broad-spectrum anti-virals [3]; the second uses current molecular databases to find 

molecules that affect the coronavirus [4]; and the third approach essentially starts from scratch to develop 

new drugs based on various coronavirus genomic information [5]. 

RLF-100 (aviptadil) is a synthetic form of the human vasoactive intestinal polypeptide (VIP) and pituitary 

adenylate cyclase-activating polypeptide (PACAP) that can inhibit the replication of SARS-CoV-2 in 

lung epithelial cells and monocytes [6]. Aviptadil has been designated by the FDA as an orphan drug to 

treat ARDS, pulmonary hypertension, and SARS-CoV-2; and it has been granted Fast Track Designation 

to treat ARDS/acute lung injury in COVID-19 [7 -8]. VIP and PACAP are neuropeptides that play roles in 

regulating the human intestinal and immune systems [9]. VIP, a 28-amino acid peptide [10], was isolated 
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from the hog intestine in 1970 [11], while PACAP, a 38-amino acid peptide, was isolated from the ovine 

hypothalamus in 1989 [12]. These peptides act to increase the production of cyclic AMP in cells [13]. 

The SARS-CoV-2 RNA replication machinery includes several non-structural proteins (nsp) that play a 

vital role in the synthesis and replication of the viral RNA. The nsp7-nsp16 complex is involved in viral 

RNA capping [14]. Specifically, the SARS-CoV-2 nsp16/nsp10 complex works as a 2′-O- 

methyltransferase (MTase) [15]. This nsp10/nsp16 complex is necessary to evade immune recognition [16-

17]. Here, we present an in silico analysis of the interaction between aviptadil and SARS-CoV-2 nsp16 to 

generate new information that can be used to target the virus. Our overall aim is to apply a computational 

approach to provide more target information that can be used for drug intervention against SARS-CoV-2. 

 

Results 

Interaction model of docked RLF-100 (aviptadil) with the SARS-CoV-2 nsp16/nsp10 complex 

We searched the PDB database for the three-dimensional structure of the nsp16/nsp10 complex, and 

found accession number 6W4H. The 6W4H structure has been elucidated by X-ray diffraction at a 

resolution of 1.80 Å and shows a complex composed of nsp16 and nsp10. This heterodimer complex is 

necessary to cap the viral mRNA transcripts for the effective translation of coronavirus RNA [18]. The 

nsp10/nsp16 complex is also essential for preventing immune recognition [16-17].   

This work identified the binding sites of aviptadil on nsp16 of SARS-CoV-2using the GalaxyPepDock 

server to dock aviptadil within nsp16 (PDBID_6W4H). The amino acid sequence of aviptadil 

(HSDAVFTDNYTRLRKQMAVKKYLNSILN) was submitted to the server in FASTA format. The top 

model was selected by aligning the x and calculating their protein structural similarity (TM score = 

0.570) with more weight attached to interacting residues. The accuracy of x (0.213) was calculated using 

a modified version of BLOSUM62. The protein-peptide interaction of the selected model was visualized 

via PyMol v2.4.1, and the results are shown in Figure 1. The docking structure was further analyzed using 

PDBsum Generate (http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html), and the results 

are shown in Figure 2A. The output from the PDBsum was processed by DIMPLOT v2.2 to generate a 

two-dimensional view of the interactions between x as shown in Figure 2C [19-20]. The three-dimensional 

view of the interaction was also generated by PyMol and is shown in Figure 3. 

Discussion 

The interaction between nsp10 and nsp16 of SARS-CoV has been reported previously [15, 20- 21, 23], with 

yeast and mammalian two-hybrid systems being used to map this interaction [21,23]. The three-dimensional 

structure generated in this study also shows the essential interactions between nsp10 and nsp16 (Figure 

1D). The structure shows significant contact areas across amino acid residues Asn40-Thr47, Val57-Pro59, 

http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html
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Gly69-Ser72, Cys77-Pro84, Lys93-Tyr96 of nsp10 (Figure 1D). These results agree well with previous 

reports on the interaction domain of the SARS coronavirus [15,  21-23 ]. In addition,  Ke, 2012, [24]   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. Our results show 

the interaction between the aviptadil peptide and the nsp16/nsp10 protein complex. Specifically, the 

Chain A (blue)-Chain C (red) polar contacts involve the following amino acid residues: 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 results of 

PDBsum analysis (Figure 2A) show circular areas representing the surface area of the protein, where 

Chains A (violet), B (red), and C (dark yellow) are shown with decreasing surface areas, respectively. The 

interaction between Chains A and C is of particular interest, and Figure 2B shows the extended interface 

regions in the circles that indicate the respective chains interacting with each other; and the shaded area 

indicate the interface area of the interacting chain. The model shows a total of 28 residues of Chain A and 

18 residues of Chain C interacting with each other, where red lines indicate 2 salt bridges, blue lines 

indicate 10 hydrogen bonds, and orange lines indicate 136 non-bonded interactions. The 10 hydrogen 

bonds between Chains A and C involve the following amino acid residues: Gly149-Tyr437, Val297-

Asn443, Lys147-Arg429, Ser146-Arg429, Ans178-Arg429, Asn299-Ser440, Lys183-Asp423, and 

Gln219-Asp423, which are listed in Table 1. DIMPLOT was used to visualize the two-dimensional 

protein-protein interaction between aviptadil and Chain A of SARS- CoV-2 nsp16 protein (Figure 2C). 

 

Conclusion 

The results of structural bioinformatics analyses indicate the potential sites of binding specificity between 

aviptadil and nsp16. The model predicts how the initial binding of aviptadil with nsp10 and nsp16 may 

occur. Moreover, this binding may inhibit the 2 -O-MTase activity of the SARS-CoV nsp10/16 complex. 

Methods 

SARS-CoV-2 nsp16 interaction with the aviptadil (RLF-100) peptide 

The tertiary structure of the target protein (PDBID_6W4H) comprising the nsp16-nsp10 complex of 

SARS-CoV-2 was obtained from the PDB database. Likewise, the peptide sequence for aviptadil was 

retrieved from the PDB database [25]. Docking was performed using the GalaxyPepDock server 

(http://galaxy.seoklab.org/cgi-bin/submit.cgi?type=PEPDOCK), which does not require prior binding site 

information and predicts x 75.4% residues [26]. It requires a PDB file and FASTA sequence as input. 

Protein-peptide docking was predicted based on interaction similarity. The required input is the target 

protein in PDB format (6W4H) and the peptide sequence of aviptadil [27] 
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(HSDAVFTDNYTRLRKQMAVKKYLNSILN) in FASTA format. GalaxyPepDock’s protein and 

peptide sizes are limited to 900 and 30 amino acids, respectively. It performs a flexible-structure, energy-

based optimization using a global docking approach. It does not require prior binding site information and 

also generates protein structure similarity scores. Its predictions are based on structural alignments with 

the PepBind database and interaction similarity. It uses Galaxy TBM as its model building tool for protein 

structural alignments; and peptide sequences are aligned using a modified BLOSUM62 matrix score. 

Finally, it also refines the protein structure using Galaxy energy. This is accomplished by adjusting the 

backbone of the structure of the complex and rebuilding the side chains. repackaging done. We relaxed 

the overall structure of the complex by simulating the molecular dynamics [28-29,]. The docked complex 

was visualized using PyMol 2.4.1, which also generated the output of interaction analysis [30]. 
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Table 1: Residues involved in hydrogen bond interactions between Chains A and 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 

 

 

Figure Legends:  

Figure 1: Overall three-dimensional view of interactions between the structural complex of SARS-CoV-2 

nsp10/nsp16 and aviptadil peptide. (A) Docking model of the surface interaction between aviptadil with 

SARS-CoV-2 nsp16. (B) Three-dimensional structure of aviptadil (red). (C) Three-dimensional structure 

of nsp16 (blue). (D) Docking of aviptadil within the SARS-CoV-2 nsp10 (cyan)/nsp16 (blue) complex. 

This model of aviptadil- nsp16 interaction was produced using GalaxyPepDock. 

 

Figure 2: Interactions study between the chains (A) Chain A (nsp16 in violet), Chain B (nsp10 in red) 

and Chain C (aviptadil in dark yellow), where circular areas represent the surface areas of the protein 

chains; and non-bonded interactions, i.e., hydrogen bonds and salt bridges, are indicated as orange, light 

blue, and red lines, respectively. (B) In Chains A and B, 24 and 18 residues, respectively, are interacting 

through various bonds. (C) 2D representation of the interaction between Chains A and C, indicating 

residues of particular chains, bonds (H-bonds in light blue and salt bridges in red), and bond lengths. The 

black dotted line indicates interphase between chains. 

 

Figure 3: Three-dimensional structure of the complex between Nsp16 (blue) and aviptadil (red). Yellow 

dashes indicate hydrogen bonds between respective atoms of inter-chains. 
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Figures

Figure 1

Overall three-dimensional view of interactions between the structural complex of SARS-CoV-2
nsp10/nsp16 and aviptadil peptide. (A) Docking model of the surface interaction between aviptadil with
SARS-CoV-2 nsp16. (B) Three-dimensional structure of aviptadil (red). (C) Three-dimensional structure of
nsp16 (blue). (D) Docking of aviptadil within the SARS-CoV-2 nsp10 (cyan)/nsp16 (blue) complex. This
model of aviptadil- nsp16 interaction was produced using GalaxyPepDock.



Figure 2

Interactions study between the chains (A) Chain A (nsp16 in violet), Chain B (nsp10 in red) and Chain C
(aviptadil in dark yellow), where circular areas represent the surface areas of the protein chains; and non-
bonded interactions, i.e., hydrogen bonds and salt bridges, are indicated as orange, light blue, and red
lines, respectively. (B) In Chains A and B, 24 and 18 residues, respectively, are interacting through various
bonds. (C) 2D representation of the interaction between Chains A and C, indicating residues of particular
chains, bonds (H-bonds in light blue and salt bridges in red), and bond lengths. The black dotted line
indicates interphase between chains.



Figure 3

Three-dimensional structure of the complex between Nsp16 (blue) and aviptadil (red). Yellow dashes
indicate hydrogen bonds between respective atoms of inter-chains.
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