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Abstract: COVID-19 is caused by the virus SARS-CoV-2 that belongs to the Corona groups. The 

subgroups of the coronavirus families are α, β, γ, and δ coronavirus. On June 15, 2021, the string λ of 

SARS-CoV-2 was evaluated as a variant of interest via the World Health Organization. This string has 

a high prevalence in some parts of South American countries, but it occurred only occasionally in Brazil. 

This study confirms that mutations in the λ -spike protein can be destroyed the neutralizing antibodies 

and increase infectivity. Coronaviruses such as SARS-CoV-2 have an evolutionary superpower called 

“recombination” which permits the mixing of their genomes into novel combinations. Unlike regular 

mutation, which precedes slowly one change at a time, recombination can produce whole changes in a 

coronavirus genome. Although right now, 𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡  is a concern, a mixing of λ with other variants 

such as 𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡  is much more of a concern compared to alone variants. There is another item: the 

recombination can arise within the sample after it was taken from the infected person, not while it was 

inside their body.  
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1. Introduction 

1.1. Coronaviruses or subfamily.  

Subfamily Corona has enveloped a positive-sense m-RNA virus that includes known 

RNA genomes with a length of around 30 kb. Coronaviruses are important issues in recent 

years for any investigation to help humanity.  Particularly virulent forms have emerged from 

their natural animal hosts and threaten human communities [1,2]. Nowadays, the new family 

of coronaviruses has emerged in China through living animals in the markets. Structural and 

genetic biological information can help us understand these dangerous foes and hopefully 

develop new ways to fight them [3,4]. Coronaviruses (containing strains) are a family’s group 

of viruses known for diseases in mammals and birds. In human life, it is typically spread 

through airborne droplets of any fluids produced via infected individuals. Coronavirus consists 

of several genomes combined with a huge RNA strand. Those genomes raid to the cells and 
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direct the synthesis of two large polyproteins containing the machinery the viruses need for 

replicating new viruses [2-4]. 

Many different lineages are not variants of concern or interest. These are grouped as 

‘Other’ on this chart. As the proportions of concern variants and interest variants increase, the 

proportion of other lineages will decrease. Variants of concern and variants of interest include: 

B.1.1.7 (alpha) , B.1.351 (beta) , P.1 (gamma), B.1.617.2 (delta), B.1.427 (epsilon), B.1.429 

(epsilon), B.1.526 (iota), B.1.525 (eta), B.1.617.1 (kappa) and B.1.617.3. The λ-SARS-CoV-2 

variant, also known as  C.37, is a variant of SARS-CoV-2 first detected in Peru ( August 2020) 

and was also named λ –variant by the World Health Organization  On June 14, 2021. This kind 

of virus has been spread to at least 25 countries worldwide and is known to be more resistant 

to neutralizing antibodies than other strains.  This variant could be more infectious and resistant 

to vaccines than the Alpha, Beta, Gamma, and even Delta variants [1-7]. The Lambda variant 

also contained a novel deletion (Δ246-252) and multiple non-synonymous mutations (L452Q, 

F490S, G75V, T76I, T859N, and D614G) in the gene that encodes the viral spike protein [3,4]. 

The C.37 -variant (Lambda variant) is produced by a deletion in the ORF1a gene (Δ3675- 

3677). Moreover, this variant exhibits a new deletion and multiple non-synonymous mutations 

in the spike genes, including  Δ246-252, G75V, T76I, L452Q, F490S, D614G, and T859N) [3-

5]. The mutations F490S and L452Q can occur in the RBD zone, and the F490S assists in 

decreasing susceptibility to antibodies neutralization. The isolate 203 Labresis exhibits eight 

several of C.37 lineages mutations and nineteen extra mutations in members of this lineage. 

The 203/LABRESIS sequences were aligned with extra quality, including whole genome 

sequences: from Brazil (1), Argentina (15), Chile (25), and Peru (25) available in the EpiCoV 

database in GISAID for performing phylogenetic tree [4-6].  

The most spread of the λ -variant has been explored, especially in South American 

countries. This novel virus is quickly prevalent and is associated with other variants, 

particularly the delta variant.  It is agreeable with the health care system reports about 

increasing deaths in those countries such as Chile, Peru, Ecuador, and Argentina. Health 

Organization evaluates whether the λ -variant is more pathogenic or transmissible compared 

with other variants. In other words, there is uncertain information about its potential to evade 

the effect of available vaccines [5,6]. The novel   Δ246-252 mutations for making a new spike 

protein might be evaluated through their effects with host interaction. This first report of the λ-

SARS-CoV-2 variant in Chile, Peru, Ecuador, Argentina, and particularly Brazil raises concern 

regarding the possible dissemination of this lineage in the region. Moreover, fast spread among 

those countries indicates that this variant has a considerable potential to become a variant of 

concern [7]. As shown in figure 1, λ-SARS-CoV-2 has 7 mutations in its spike protein, while 

the delta variant has three; therefore, λ –variant could have a range of consequences, such as 

the possibility of fast transmissibility or increasing resistance to antibodies. It is the coronavirus 

spike protein that binds to a human protein to initiate the process of infection. Those variants 

were first identified in the UK and then in California combined into a heavily mutated hybrid. 

This could signal a new phase of the covid-19 pandemic, as more hybrid variants may have 

emerged. Coronaviruses such as SARS-CoV-2 have an evolutionary superpower called 

“recombination,” which permits the mixing of their genomes into novel combinations. Unlike 

regular mutation, recombination can produce whole changes in a coronavirus genome in one 

single swoop. It was reported on February 02 at a virtual conference organized by the New 

York Academy of Sciences. In a presentation about the outbreak in Los Angeles, Bette Korber 

of Los Alamos National Laboratory in New Mexico said: “We found at least a single 
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recombinant.” She went on to add further details. For example, she showed a graphical 

representation of the viral genome showing clearly that it is a mosaic of sequences from two 

different lineages, which is hard to explain any other way than recombination. This is more 

likely to occur where the two viruses are closely related but has been documented between 

quite distantly related coronaviruses. So it isn’t impossible that SARS-CoV-2 could recombine 

with a common-cold-causing coronavirus, with unknown consequences. Unlike regular 

mutation, where changes accumulate one at a time, which is how variants such as B.1.1.7 arose, 

recombination can bring together multiple mutations in one go. These don’t confer any 

advantage to the virus most of the time, but occasionally they do [5-7]. 

 
Figure 1. Schematic diagram of the Various SARS-CoV-2 spike proteins and the related variants. 

As it can be seen in Figure 1, the λ -genome has the following amino acid mutations, 

all of which are in the spike protein code: G75V, T76I, Δ246-252, L452Q, F490S, D614G, and 

T859N. The F490S mutation has already been associated with reduced susceptibility to 

antibodies generated in patients who had recovered from COVID; therefore, F490S has 

favorable cooperation with its reduced susceptibility to antibody neutralization. This means 

antibodies generated from being infected with the original Wuhan strain of COVID aren’t quite 

as effective at neutralizing Lambda. The L452Q’s λ- mutation is at the same position in the 

spike protein same as a mutation found in the 𝛿 −variant, where this mutation in 𝛿 −variant 

not only increases the ability of the virus to infect cells but also promotes immune escape 

meaning the antibodies vaccines generate less likely to recognize it[8-10]. These mutations are 

in the RBD, a segment of the related spike protein that binds to our human cells. Via evaluating 

the first information of λ-spike protein predicts it has increased infectivity that means it is more 

quickly able to infect cells than the original Wuhan virus 𝑎&𝛽  variants. In other words, 

antibodies produced in people receiving the Sinovac (corona vaccine) were less potent at 
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neutralizing the spike protein of λ-variant than they were the Wuhan, 𝑎&𝛽  variants. Although 

there’s not sufficient information yet that λ-variant is more infectious, the mutations it has 

suggested it’s possible. Recently, it has been predicted that L452Q mutation in the λ-spike 

protein is due to its increased ability to infect cells. As well as the L452R mutation in the 

𝛿 −variant, this study suggests the L452Q mutation may bind more easily to the “ACE2 

receptor”, which is the gateway for SARS-CoV-2 to enter our cells. In addition, λ-spike protein 

mutations reduce the possibility of antibodies generated by Pfizer and Moderna’s vaccines to 

neutralize the virus. Also, one mutation was shown to resist neutralization by antibodies from 

antibody therapy to some extent. The risk evaluation also suggests both λ& 𝛿 can be considered 

as a priority [11,12]. As a result, it must be focused on λ-variant, while is it capable of out-

competing δ or mix with it for increasing the potential of this virus against any vaccination as 

much as possible. By this research, we will understand; this variant again highlights the risk of 

these mutations increasing the ability of SARS-CoV-2 to infect cells or disrupt existing 

vaccines and antibody drugs. 

1.2. Risks associated with λ-spike protein. 

The λ -variant is sometimes associated with higher transmissibility and resistance to 

antibodies. “Lambda has been associated with substantive rates of community transmission in 

multiple countries, with rising prevalence over time concurrent with increased COVID-19 

incidence [13,14]. The λ-spike protein variant has a unique pattern of seven mutations from 

which L452Q is similar to the L452R mutation reported in the 𝛿&𝜀 variants. Additional 

information confirms that the L452Q mutation of λ -variant has to be conferring similar 

properties to those described for the infectivity of the 𝛿 − variant.  Public Health 

England reported that “there is no information that this variant causes more severe disease or 

presents the vaccines currently located any less effective.” Knowing of the λ -variant is still 

completely low, but based on WHO official release, COVID-19 patients will generally exhibit 

one of these primary symptoms as pyrexia, dry cough, and exhaustion. Although the being 

infectious and transmission rate of the λ -variant hasn’t been appointed yet, it has been found 

in about 30 countries [12]. While it is the dominant strain in Peru, accounting for over 80% of 

the cases, in Chile, it accounts for more than 31% of the samples from May and June. This 

variant has a large potential of transmissibility or resistance to neutralizing antibodies, and it 

already has an ongoing battle against the 𝛿 − variant.  λ -variant is still unclear how is a cause 

of concern due to lack of study, and also there was not yet clear evidence it was a more 

transmissible virus [11-14]. Currently, researchers have no clear response on this variant at the 

University of Chile, Santiago, studied the effect of λ -a variant on viral infectivity, but their 

results suggest that Lambda is more infectious than Gamma and Alpha and better able to escape 

the antibodies produced by vaccination. It is notable that both Pfizer’s and Moderna’s 

vaccines are based on mRNA technologies and, therefore, might be useful for λ –variant same 

as alpha and beta (Scheme 1).  

1.3. How do λ -variant arise and why concerning.  

Any kind of viruses like as λ -variant, alternately and frequently evolve via mutations; 

these evolving can appear anytime the virus replicates. Some of these changes do not produce 

a strong variant, and also, there is no effect, but some of them can make the virus more 

transmissible, enable it to cause more severe disease, or allow it to evade better the protection 
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offered by vaccination (or mixing of these items). In countries with low vaccination 

rates, where humans are unvaccinated, the viruses can spread rapidly, and consequently, more 

harmful variants might emerge [12,13]. Therefore, the major concern of those variants is that 

they spread more quickly from human to human. Moreover, if a variant doesn’t cause more 

severe illness, it can also lead to a quick rise in COVID-19 deaths if it spreads more easily, 

particularly in countries with low vaccination items. In table 1, a list of 90 kinds of wild-type 

and pseudo-virus mutant strains are listed for assisting the scientist in fasting obtaining the 

efficacy evaluation of neutralizing antibodies against mutant strains and the clinical use of 

vaccines [14,15].   

Table 1. Specific genetic markers are predicted to affect the transmission, diagnostics, therapeutics, or immune 

escape. 

Mutated  

 

Variants Name Spike Protein Substitutions WHO Label First Identified 

B.1.351   Beta  

B.1.1.7   Alpha  

B.1.427 20C/S:452R L452R, D614G Epsilon United States-(California) 

B.1.429 20C/S:452R S13I, W152C, L452R, D614G Epsilon United States-(California) 

B.1.525  20A/S:484K A67V, 69del, 70del, 144del, E484K, 

D614G, Q677H, F888L 

Eta United Kingdom/Nigeria – 

December 2020 

B.1.526 20C/S:484K L5F, D80G, T95I, Y144 , F157S , D253G,  

L452R  ,  S477N  , E484K, D614G, A701V,  
T859N  ,  D950H  ,  Q957R   

Iota United States (New York) – 

November 2020 

B.1.620  P26S,V126A,H245Y,S477N,E484K,D614

G,P681H,T10271,D1118H, ∆69-

70, ∆144, ∆241-243 

  

B.1.617.1 20A/S:154K H1101D, G142D, E154K, L452R, E484Q, 

D614G, P681R, Q1071H 

Kappa  India – December 2020 

B.1.617.2  T19R,G142D,∆156, 

∆157,R158G,L452R,T478K,D614G,P681

R,D950N 

Delta India  

B.1.617.2.1  D614G,K417N,P861R,T19R,D950N,T478

K,L452R, ,∆157, ∆158 

Delta Plus India 

B.1.617.3  20A T19R, G142D, L452R, E484Q, D614G, 

P681R, D950N 

 India – October 2020 

B.1.1.1  C.37 ∆246-252, 

G75V,T761,L452Q,F497s,T859N,D614G 

Lambda Peru 

P.1   Gamma Brazil 

P.2 20J E484K, F565L , D614G, V1176F Zeta Brazil – April 2020 

Variants of concern are𝛼, 𝛽, 𝛿 𝑎𝑛𝑑𝛾, that they’re more dangerous to people and 

although λ -variant isn’t a variant of concern at present, this might be changed over time, due 

to rapidly spread in Peru, Ecuador, Chile, and Argentina. λ -variant has a considerable ability 

to become a variant of concern because researchers don’t know whether λ -variant can put off 

the immune protection through COVID-19 vaccines. Recent studies suggest that λ -variant is 

more infectious than𝛼, 𝛽, 𝑎𝑛𝑑𝛾, and which this variant can be able to put over the antibodies 

produced after vaccination with this vaccine. Recent studies confirm that mutations in the λ -

spike protein can be destroyed the neutralizing antibodies and increase infectivity. Although 

right now, 𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡  is a concern, a mixing of λ with other variants such as 𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡  

is much more of a concern compared to alone variants. The implications of the finding aren’t 

yet clear because very little is known about the recombinant’s biology. There is a  hybrid is a 

mash-up of the B.1.1.7 variant first detected in Kent, UK, late last year, and the lesser-known 

B.1.429, which appears to have originated in southern California. Although most of these 

mutations won’t have a significant effect on the virus, it gives an advantage to the virus by 

increasing its ability to replicate or evade the immune system. The occurrence of these 

mutations is down to the error-prone replication machinery that viruses use. RNA viruses, such 
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as influenza and hepatitis C, generate a relatively large number of errors each time they 

replicate. Interactions with the host cells and immune system determine the relative frequencies 

of the individual variants. These coexisting variants may affect how the disease progresses or 

how treatments work [12-15]. 

 
Scheme 1. Pfizer’s and Moderna’s vaccines are based on mRNA technologies. 

1.4. Problem of the Kappa variant.  

Kappa variant (κ-variant) is a sub-lineage of B.1.617 variant, first reported from 

Maharashtra, India, in October 2020. This variant was subsequently identified as a triple mutant 

by the Indian government in late March 2021, as it had three mutations of interest. The sub-

lineage B.1.617.1 is now known as κ-variant, while B.1.617.2 is known as the𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡. 

The𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡 , are responsible for the emergence of the second wave in India; it has been 

found in nearly 100 countries and is a global VOC. The third sub-lineage, B.1.617.3, has not 

been identified as either a VOI or a VOC. In simple terms, κ-variant is a sibling of Delta. 

However, as in a family, siblings could be very different from each other, which is exactly the 

case with κ-variant and𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡. While 𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡  has higher transmissibility, 

documented immune escape, and breakthrough infections, none of these properties have been 

documented for the κ-variant so far. K-variant is not a major concern as of now. Although right 

now, κ-variant is a concern, a mixing of λ with other variants such as 𝛿 − 𝑣𝑎𝑟𝑖𝑎𝑛𝑡 and κ-

variant is much more of a concern compared to alone variants. People fully vaccinated have a 

much lower risk of severe illness and death than unvaccinated people at risk from all 

coronavirus variants. Different variants are identified through their mutations in the virus’s 

gene.  An alteration in each of these RNA bases (that made of about 35,000 base pairs) makes 

a mutation, consequently changing the shape and properties of the virus function. The Delta 

variant consists of several mutations in the spike protein, where four of them are most important 

[14,15]. One of these is known as L452R, which was reported in March 2020 in Denmark 

firstly. This mutation has been shown to be more transmissible than wild-type strains and has 

also been related to reduced antibody influence and decreased neutralization during 

vaccination. The P681R’s mutation has been related to chemical processes that might be 

enhanced transmissibility [12-15]. The D614G mutation first appeared in the US early in the 
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pandemic. There is affirmation with a report of the Centers for Disease Prevention and Control 

(CDC), those variants with the mutations mentioned above spread more quickly compared with 

other variants of COVID-19. Another mutation in Delta is T478K that was appeared in around 

60% of occurrences in variant B.1.1.222, was first detected in Mexico City and was included 

with high infectivity [16-21]. Public Health England stated Delta exhibits much more growth 

rating compared with alpha through several statistical and experimental analyses. Recently UK 

found that 62% of pandemic cases are Delta [17,19]. Consequently, by decreasing the Alpha 

pandemic, Delta cases rise day by day [22-25]. In addition, a variant of concern is pandemic. 

There is evidence of an increase in transmissibility, more severe disease, significant reduction 

in neutralization by antibodies generated during previous infection or vaccination, reduced 

effectiveness of treatments or vaccines, or diagnostic detection failures. Some of them are listed 

in Table 2. Variants of concern might require one or more appropriate public health actions, 

such as notification to WHO under the International Health Regulations, reporting to CDC, 

local or regional efforts to control spread, increased testing, or research to determine the 

effectiveness of vaccines and treatments against the variant [26-28].  

Delta has continued to spread globally, including in the UK, India, and Mexico City, 

with a proportion of cases resulting in more severe disease and hospitalization.  Here we 

estimate the effectiveness of the BNT162b2 and ChAdOx1 vaccines against Delta as compared 

to alpha. There were 14,000 symptomatic cases with Delta included in the analysis, 170 of 

whom were hospitalized. Overall hazard ratios for hospitalization among cases with Delta in 

vaccinated compared to unvaccinated individuals were 0.36 after one dose and 0.28 after two 

doses [29,30]. δ -coronavirus genomes are the smallest known coronavirus genomes (25,500–

26,900 bases), similar to that of another coronavirus: ORF1ab, spike, envelope, membrane, and 

nucleon-capsid. Both 5′ and 3′ ends contain short un-translated regions. The replicas ORF1ab 

encodes a number of proteins, including nsp3, nsp5, nsp12, and nsp13, and some proteins with 

unknown functions. However, review reverse transcription analyses show that PD-CoVs were 

present in the US swine as early as August 2013 [31,32]. The spread situation, virus’ 

transmissibility, the effectiveness of vaccines, and Immune Evasiveness of the SARS-CoV-2 

variants based on WHO reports are listed in table 2.  

Table 2. Dominant mutants worldwide, the number of stars indicate the intensity amount. 

Variant Lable Mutated  
 

Transmissibility effectiveness of vaccines Immune Evasiveness 

Alpha B.1.1.7 *** Effects on vaccine  
efficacy 

confirm 

Beta B.1.351 * **** confirm 

Gamma P.1 ** ** confirm 

Delta B.1.617.2 **** ** confirm 

Lambda C.37 **** ** confirm 

This study aims to find how to remove the problem with appearing anymore and further 

mutations of mRNA in coronavirus. 

2. Materials and Methods 

2.1. Structural analysis. 

The polymerase B.1.429 / epsilon variant with an S2M11 + S2L20 Global Refinement  

[33] by classification with viral protein/immune system has been considered, and the 7N8H 

file has been extracted from the RCSB(Figure 2). The epsilon ( B.1.427/B.1.429) covid-19 was 
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explored at the beginning of 2021 in California for the first(its infectivity has also been 

changed)  [34]. The two lineages epsilon ( B.1. 427 /B.1.429) covid-19  share the same S 

mutations in the RBD  but harbor different mutations in other SARS-CoV-2 genes [34]. The 

fast rise in the number of cases associated with the B.1.427/B.1.429 lineages led to their 

classification as a VOC by the US Centers for Disease Control and Prevention 

(https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-surveillance/variant-

info.html) [35]. 

 
Figure 2. SARS-CoV-2 S (B.1.429 / epsilon variant) + S2M11 + S2L20 Global Refinement. 

To assess the impact of the three mutations present in the B.1.427/B.1.429 S 

glycoprotein on neutralization potency of mRNA vaccine-elicited Abs against the G614 S and 

B.1.427 /B.1.429 S pseudo-viruses,  Mccallum and coworkers [35] used plasma from 15 

individuals who received two doses of the Moderna mRNA-1273 vaccine and as well as  two 

doase doses of Pfizer/BioNTech BNT162b2 vaccine. All vaccines had substantial plasma-

neutralizing activity against G614 SARS-CoV-2 S pseudo-typed viruses. Using a murine 

leukemia virus pseudotyping system, geometric mean titers (GMTs) showed that the average 

neutralization potency of the Moderna mRNA1273–elicited plasma was reduced 2.4-fold for 

B.1.427 /B.1.429 S (GMT: 178) compared with G614 S. Most of the recently risen coronavirus 

variants of interest or concern, Delta, kappa, epsilon, iota, and Lambda, are universally carrying 

a mutation in amino acid L452 of the Spike protein that helps the virus bind to host cells. In 

the epsilon variant, the Spike Protein Substitutions of L452R mutations (Table 1) may have 

triggered the emergence of several COVID-19 variants [36]. Unlike the epsilon variant with 

four more mutations in the Spike protein, in that newer variant (from the lineage B.1.232), the 

L452R mutation is the only one in the Spike protein that latches the virus onto cells to create a 

pathway to inject its genetic materials. The Spike proteins are what give the coronavirus its 

studded, crown-like appearance [36]. 7LWW pdb file from RCSB indicates triple mutant 

(K417N-E484K-N501Y) SARS-CoV-2 spike protein in the 1-RBD-up conformation (S-

GSAS-D614G-K417N-E484K-N501Y) that E484K exits in Eta variant [37] (Figure 3). The 

researchers found that the single K417N mutation provided substantial mAb resistance; 

however, it reduced the ability of the virus to bind to ACE2 by 6.4-fold. The E484K mutation 

also provides neutralization resistance by forming salt bridges or hydrogen bonds, rendering 

antibodies ineffective. The N501Y mutation sharply increases binding affinity, and thus as 

such, when the three mutations are combined (K417N-E484K-N501Y), the new mutant strain 
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is both more transmissible and more resistant to neutralization from a wide range of antibodies 

[38].   

 
Figure 3. The triple mutant (K417N-E484K-N501Y) SARS-CoV-2 spike protein in the 1-RBD-up 

conformation (S-GSAS-D614G-K417N-E484K-N501Y). 

Porcine delta-coronavirus (PdCoV) has been analyzed due to the divergence of their 

envelope-anchored spike protein. This protein pushes the viral into host cells via first binding 

to host receptors by the S1 domain and, consequently, fusing host and viral membranes via the 

S2 subunit. Understanding the structure of spike proteins is critical for knowing cell entry and 

evolution of immunogenicity peptidase in covid-19 disease. S1 subunits from spikes consist of 

two subunits, first N-terminal and second C-terminal. Based on the virus, either one or both S1 

domains can function as the receptor-binding domain (RBD) via binding to host receptors  

(Figure 4).   

 
Figure 4. Cryo-electron microscopy structure of porcine delta coronavirus spike protein. 

 

On the other side, the S1 domain from coronaviruses has different tertiary structures, 

but they share a structural configuration, indicating a general evolutionary and divergent 

evolution of S1-CTDs. Coronavirus S1-CTDs recognize either angiotensin-converting enzyme 

2 or amino peptidase-N as their protein receptor, whereas -coronavirus S1-CTDs recognize 

ACE2 or dipeptide 4 . Hence, it has been predicted that coronavirus S1-NTDs originated from 

host gelatins and have undergone divergent evolution to recognize different receptors. The 

membrane fusion mechanism for coronavirus spikes is believed to be similar to those used by 

class 1 viral membrane fusion proteins. 
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The overall architecture of - and -coronavirus spikes is similar to, albeit more complex 

than, influenza HA. Biochemical studies have identified parts of S2 that form six-helix bundle 

structures and likely correspond to HR-N and HR-C and another part of S2 that associates with 

membranes and likely corresponds to FP. It was demonstrated that -coronavirus spikes are 

heavily glycosylated, with S2 being more heavily glycosylated than S1, as a viral strategy for 

immune evasion. These studies on membrane fusion by - and -coronavirus spikes have 

suggested a common molecular mechanism for membrane fusion shared by coronavirus spikes 

and other class 1 viral membrane fusion proteins   

2.2. Docking and free energy calculations. 

BIOVIA_2020.DS2020Client software has been used for docking calculation, and a 

grid of 19Å was produced over the co-crystallized peptide-like inhibitors. Re-docking of the 

co-crystallized molecules was done for evaluating the docking project. The docked tool was 

based on a crystal system for calculating. The re-docking of structures and compounds has been 

built with 1.30Å and 0.80Å RMSD, respectively. Lower RMSD indicates that our docking 

methodologies are adequate and can be applied to search for small molecule inhibitors. 

Docking was done in three different modes, virtual screening followed by standard-precision 

(SP) and extra-precision (XP) docking using the Glide program. By this work, the iGEMDOCK 

has been applied. Through this software, the acceptable receptor can be defined for the binding 

site in whole spike proteins structures. This software can help to define the suitable binding 

site exactly. Following categories have been accomplished in docking, first; Preparing a few 

probable binding sites on the spike proteins surfaces, second, browsing and selecting the related 

spike proteins files. Third, defining the binding site's situation as a bounded ligand, Forth, 

defining the center of the binding sites via selected related ligands, and the end; setting the size 

of the binding sites and spiking protein radius from the selected ligand approximately. 

IGEMDOCK yields an analysis surrounding visualized tools and post-analysis tools for users, 

which can visualize the docked states, and categories through the protein-ligand interactions. 

Consequently, the prediction and scores of ligands might be saved in the output root. The 

minimum energies poses of each ligand would be outputted into the location of “best: Pose”. 

These analysis tools are premeditated based on the analysis of those poses. Via looking for the 

bounded structures of some ligands, they might be selected via the estimated volume of the box 

of ligands. Cluster analysis is the partitioning of a data set into subsets. The data in each ideal 

subset will share some general traits. IGEMDOCK algorithm simulates the ligands based on 

interaction and atomic composition features. Interaction feature is extracted from the protein-

ligand interactions, and atomic composition is accounted atomic types in several functional 

groups. It is possible to specify the number of clusters for your data. Cluster estimation is the 

analysis of data ranges into subsets. The information in each subset will share some general 

properties. These are based on interaction and atomic combination aspects. Interaction aspects 

are extracted from the protein-ligand couples, and atomic combinations are calculated atomic 

types in various functional groups [39-41].  

2.3. M.D. simulations and gene mutation. 

Molecular dynamics modeling for polypeptide-ligand complexes were accomplished 

using the Desmond software. The OPLS and charm force fields were applied for modeling the 

interactions of the protein-small molecules.  Long-range electrostatic forces were estimated 
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using the Particle-mesh Ewald (PME) software with a grid spacing of 0.80 Å. Nose-Hoover 

thermometry and Martyna-Tobias-Klein method were applied for maintaining the temperature 

and constant pressure, respectively. The motion formula was considered using the multi-run 

RESPA by 4.0 fs time step for bonded and non-bonded interactions within a low cutoff. An 

outer time step of 5.0 fs was used for non-bonded forces beyond the cutoff. Genotyping of the 

several mutations has been simulated based on table 1 to clear the mutation mechanism, which 

was performed by primer extension of PCR and then detected by matrix-assisted laser 

desorption ionization. PCR products were purified using the shrimp alkaline phosphatase 

method and extended by adding a homogeneous Mass-Extend primer as per the Sequencer- 

Mass-Array protocol. Each gene coordinates are defined by its expression vector in an mRNA 

microarray experiment [38,40]. 

3. Results and Discussion 

3.1. Simulations for interactions between the CoV2-RBD and the ACE2. 

It can be discussed about the polar and charged residues for many of the fraction and 

binding interfaces of CoV2-RBD and the ACE2. Moreover, electrostatic interaction has critical 

points for a complex formation. Distances among the two mentioned proteins are a key at the 

binding interfaces identified for the three representative models  (Figure 5 & Tables 1-3). The 

majority of those residues are preserved for models. The same simulations can be accomplished 

for the SARS-RBD/ACE2 complexes. Interestingly, the SARS-RBD counterpart in CoV2-

RBD did not form close contact with the ACE2 in related simulations. It is worthwhile to 

mention that the sequence identity between CoV2-RBD and SARS-RBD is low in this loop 

region, suggesting the loop region might be partially responsible for the difference in the 

receptor binding. The hydrogen bonds among the CoV2-RBD and ACE2 can be extracted using 

VMD program. It can be discussed that the number of hydrogen bonds fluctuated over time. 

Similar trends can be observed in the other simulations, suggesting that the binding became 

stronger as the simulation progressed. This work has been done based on our theoretical works 

[42-59] 

Table 3. Antibody and Nucleocapsid antibody of human-derived anti-SARS-CoV-2 S protein RBD neutralizing. 

Molecule Cat. No. Species Host Product Description 

ACE2 

AC2-R5246 Rat HEK293 Rat ACE2 / ACEH Protein, His Tag (MALS verified) 

AC2-H82E6 Human HEK293 Biotinylated Human ACE2 / ACEH Protein, His,Avitag™  

AC2-H5257 Human HEK293 Human ACE2 / ACEH Protein, Fc Tag (MALS verified) 

AC2-C52H7 Cynomolgus HEK293 Cynomolgus ACE2 / ACEH Protein, His Tag 

AC2-H82F9 Human HEK293 Biotinylated Human ACE2 / ACEH Protein, Fc,Avitag™ 

AC2-M5248 Mouse HEK293 Mouse ACE2 / ACEH Protein, His Tag (MALS verified) 

AC2-H52H8 Human HEK293 Human ACE2 / ACEH Protein, His Tag (MALS verified) 

Nucleocap

sid protein 

SPN-S52H5 SARS HEK293 SARS S protein (R667A), His Tag 

NUN-V52H3 HCoV-OC43 HEK293 HCoV-OC43 Nucleocapsid protein, His Tag 

S1 protein 

S1N-C52H3 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S1 protein, His Tag 

S1N-S52H5 SARS HEK293 SARS S1 protein, His Tag (MALS verified) 

S1N-C5256 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S1 protein (D614G), His Tag 

S1N-C5257 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S1 protein, Mouse IgG2a Fc Tag 

S1N-C52H4 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S1 protein, His Tag (MALS verified) 

S2 protein 

S protein 

RBD 

S2N-C52H5 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S2 protein, His Tag 

SPD-C82E9 SARS-CoV-2 HEK293 Biotinylated SARS-CoV-2 (COVID-19) S protein RBD,  

SPD-S52H5 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (N354D), His Tag 

SPD-S52H6 SARS HEK293 SARS S protein RBD, His Tag (MALS verified) 

SPD-C52H3 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD, His Tag  

SPD-C5259 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD, Mouse IgG2a Fc Tag 

SPD-S52H4 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (V367F), His Tag 

SPD-C52H4 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (G476S), His Tag 
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Molecule Cat. No. Species Host Product Description 

SPD-S52H7 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (W436R), His Tag 

SPD-S52H8 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (R408I), His Tag 

SPD-S52H3 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (N354D, D364Y)  

 SPD-C52H5 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S protein RBD (V483A), His Tag 

S1 protein  S1D-C52H3 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) S1 protein CTD, His Tag 

S protein 
SPN-C52H4 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19)  S protein (R683A, R685A), His Tag 

SPN-C52H8 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19)  S protein (R683A, R685A)  

Papain PAE-C5148 SARS-CoV-2 E.coli 
SARS-CoV-2 (COVID-19) Papain-like Protease Protein, His 

Tag 

Envelope  ENN-C5128 SARS-CoV-2 E.coli SARS-CoV-2 (COVID-19) Envelope protein, His Tag 

Nucleocap

sid protein 

NUN-C51H9 SARS-CoV-2 E.coli SARS-CoV-2 (COVID-19) Nucleocapsid protein, His Tag 

NUN-C5227 SARS-CoV-2 HEK293 SARS-CoV-2 (COVID-19) Nucleocapsid protein, His Tag 

NUN-C81Q6 SARS-CoV-2 E.coli Biotinylated SARS-CoV-2 (COVID-19) Nucleocapsid protein 

NSP16   NS0-C51W3 SARS-CoV-2 E.coli 
SARS-CoV-2 (COVID-19) NSP16&NSP10 Heterodimer 

Protein 

NSP7   NS8-C5125 SARS-CoV-2 E.coli SARS-CoV-2 (COVID-19) NSP7&NSP8 Protein, His Tag 

S1 protein 

SIN-V52H3 HCoV-NL63 HEK293 HCoV-NL63 S1 protein, His Tag 

SIN-V52H5 HCoV-OC43 HEK293 HCoV-OC43 S1 protein, His Tag 

SIN-V52H6 HCoV-HKU1 HEK293 HCoV-HKU1(isolate N5) S1 protein, His Tag 

NSP1 NS1-C51H7 SARS-CoV-2 E.coli SARS-CoV-2 (COVID-19) NSP1 Protein, His Tag 

NSP7 NS7-C51H6 SARS-CoV-2 E.coli SARS-CoV-2 (COVID-19) NSP7 Protein, His Tag 

In figure. 5, several graph inhibition of Sars-CoV-2 Spike RBD:ACE2 interaction by 

suitable anti-Sars-Cov-2 neutralizing antibody has been drawn for several mutated versions. 

 
Figure 5. ACE2 interaction by the suitable anti-Sars-Cov-2 neutralizing antibody. 

Via docking investigation, we analyzed on geometric shape complementarity score. A 

higher score indicates a higher binding affinity. The outcome of the results is based on the 

docking scores and interaction at the RBD regions. Protein-protein and antibody-protein 

interactions were visualized by VMD software. Molecular interactions of antibody and ACE2 

receptors with RBD variants (Table 3) were performed by antibody script under antibody loop 

numbering. We analyzed interactions between RBD variants and ACE2 receptors. Moreover, 

we also can analyze the interactions between antibody and RBD variants. A high docking score 

signifies high binding affinity, and a low docking score signifies low binding affinity  (figure 

6).  

Acquisition of glycan-binding domains and fusion thereof to the ancestral S protein 

may have resulted in a great extension of the CoV host range and may have caused an increase 

in CoV diversity. 
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Figure 6. Detection of Spike RBD variants. 

3.2. Involvement of Viroporins. 

Viroporin, or virus-encoded protein that mediates ion channel activity, has a crucial 

function in infection. It is specified via its hydrophobicity and its ability to diffusion inside 

membranes through oligomerization. These viruses consist of several multifunctional proteins 

from various viral groups that are predominately concentrated in RNA viruses. SARS-CoVs 

and various CoVs encode several viroporins, such as E protein, with extra viroporins encoded 

by accessory genes. The E proteins are refuged via some CoVs, including HCoV-229E, SARS-

CoVs, MERS-CoVs, MHV, and IBV, and that they display vital functions viroporins  [60-100]. 

Several important questions have to be discussed to be addressed: First; why does the 

number of accessory genes vary among CoVs from different genera, including α-CoV, β-CoV, 

γ-CoV, and δ-CoV, and even among the same CoV genus. Second, why does an increase or 

decrease in the number of accessory genes from several CoVs contribute to the improved 

adaptability of CoVs to a new host or cross-species transmission?  Third, as CoVs employ 

diverse translational strategies that are not yet fully understood, do CoVs encode other 

unknown accessory proteins? Forth, how do these genes derive in broad host ranges of CoVs, 

such as SARS-CoV-2 and PDCoV. Fifth, what viral proteins interact with an accessory? 

Proteins. Sixth, do interactions occur among different accessory proteins from various CoVs 

with the same target organs, such as PDCoV, PEDV, and TGEV, resulting in more serious co-

infections? AND finally, why delta variant of covid-19 is a concern compared with other 

variants. The answers to these questions will deepen our understanding of the function of 

accessory proteins in CoVs and facilitate the formulation of anti-viral strategies and the 

development of effective vaccines. The result showed that several compounds could bind finely 

to the target receptors at the expected sides’. Several Gibbs energy of binding energies 

calculated by the docking scores among those of the compounds and those of the receptors. 

Interestingly, we exhibited; these compounds accomplish superior binding affinities to each 

receptor. 

4. Conclusions 

Coronavirusare extensively involved in the host immune response; therefore, studies 

on the functions of related proteins have become a major point in the CoV area. Accessory 

proteins often function in combination rather than individually. They share the various 
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processes of the viral replication cycle and modulate host immunity, which consists of 

autophagy, apoptosis, innate immunity, and total stress response. Many different lineages are 

not variants of concern or interest. These are grouped as ‘Other’ on this chart. As the 

proportions of concern variants and interest variants increase, the proportion of other lineages 

will decrease. Variants of concern and variants of interest include: B.1.1.7 (alpha) , B.1.351 

(beta) , P.1 (gamma), B.1.617.2 (delta), B.1.427 (epsilon), B.1.429 (epsilon), B.1.526 (iota), 

B.1.525 (eta), B.1.617.1 (kappa) and B.1.617.3. The λ-SARS-CoV-2 variant, also known 

as  C.37, is a variant of SARS-CoV-2 that was first detected in Peru ( August 2020) and was 

also named λ –variant by the World Health Organization (WHO) On June 14, 2021. However, 

the molecular mechanisms applied via accessory proteins remain largely unclear information, 

especially in the context of infection. In summary, future researches of accessory proteins from 

diverse perspectives will facilitate a deeper understanding of the biology of these important 

viruses and will aid our ability to treat and prevent infections. Via docking investigation, it is 

possible to analyze Protein-protein and antibody-protein interactions that also can be visualized 

by VMD or Rasmol software. 
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