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Abstract: 

Public health care capacity is currently overwhelmed by pandemic outbreak of coronavirus 

disease 2019. This respiratory disease is a real threat especially for those elderly people with 

comorbidities. The disease can progress into acute respiratory distress syndrome which can be 

fatal. No vaccine or drug had been developed against any human coronaviruses due to cessation 

of previous epidemics and withdrawal of assigned funds. Currently, humanity is in a real 

challenge to accelerate the development of effective drug and vaccine against severe acute 

respiratory syndrome coronavirus 2. Till now, computational approaches have played a 

substantial role for analysis of viral structure and also development of both drug and vaccine 

candidates in an accelerated pace. Some of these therapeutic designs have found their way into 

clinical trials. Here, we will overview different immuno-informatics attempts, targets and ideas 

as possible trends to counteract coronavirus disease 2019.  
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Introduction: 

By the end of 2019, several pneumonia cases of unknown cause were reported in the Chinese 

city of Wuhan [1]. On January 2020, a novel beta-coronavirus was identified as the etiology 

pathogen through genomic analysis of throat swab samples collected from some patients [2]. 

This isolated virus was provisionally known as 2019 novel coronavirus (2019-nCoV), but later 

was renamed as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [3]. Patients 

with coronavirus disease 2019 (COVID-19) are usually presented with fever, fatigue, myalgia 

and dry cough. Some COVID-19 patients may experience dyspnea that can progress into acute 

respiratory distress syndrome (ARDS) [4]. The transmission of SARS-CoV-2 is mainly 

through respiratory droplets generated by coughing or sneezing of infected person [5]. COVID-

19 incubation period can range between 2.1 and 11.1 days with an estimated mean of 6.4 days 

[6]. The world health organization (WHO) had recognized SARS-CoV-2 outbreak as a global 

pandemic threat on March 11, 2020 [7]. With no effective drug or vaccine in hands, the reported 

global confirmed cases of COVID-19 have passed twelve millions on July, 2020 [8]. 

Review: 

SARS-CoV-2 is a novel beta-coronavirus with a positive sense and single stranded RNA 

genome. It shares about 79% of genomic sequence identity with a previously known 

coronavirus, SARS-CoV [9]. Both viruses use angiotensin converting enzyme 2 (ACE2) as a 

binding receptor to invade host cells. However, SARS-CoV-2 binds to ACE2 receptor with an 

estimated affinity greater than SARS-CoV by about 10-20 folds [10]. The role of ACE2 in 

COVID-19 pathogenesis seems to be implicated beyond viral entry point. It is believed that the 

pathogenesis of COVID-19 does include ACE2 blockade with subsequent imbalance between 

angiotensin II and angiotensin-(1-7) levels [11]. No effective drug is currently approved against 

COVID-19, oxygen-based therapy and management of sepsis are the only available options for 

ARDS patients. However, clinical trials are currently undertaken to evaluate anti-SARS-CoV-

2 of several antiviral drugs like Remdesivir [12]. Additionally, virtual modelling and high 

throughput screening (HTS) have been employed to suggest the repurposing of some FDA 

approved drugs against SARS-CoV-2 life cycle [13,14]. In the same time, no vaccine is 

available for any coronaviruses as previous development attempts were discontinued due to 

cessation of SARS-CoV epidemic [15]. In this regard, accelerated efforts are ongoing to 

generate an effective and safe vaccine against the current pandemic. Different techniques were 

utilized to produce several SARS-CoV-2 potential vaccine candidates like mRNA based 
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vaccine, viral subunit vaccine and viral vector vaccine [16]. From an immuno-informatics 

perspective, the current review will highlight several attempts, targets and thoughts as potential 

trends for COVID-19 fighting.   

Peptide-based inhibitors of protein-protein interactions: 

Unlike low molecular weight compounds, synthetic peptides have large molecular surface that 

enable them to interact with the exposed large surface of proteins. These peptides can interfere 

with the interactions between two protein molecules and thereby influencing a specific 

biological pathway [17]. This principle of inhibiting protein-protein interactions (PPIs) can be 

employed to reduce SARS-CoV-2 entry to host cells. The spike protein of SARS-CoV-2 

contains the receptor binding domain (RBD) that interacts with angiotensin converting enzyme 

2 in host alveolar cell membrane [10]. Recently, two researchers were able to virtually design 

and evaluate four peptides that may be able to influence the interaction between SARS-CoV-2 

spike protein and ACE2 receptor. By computational evaluation of a recently released crystal of 

SARS-CoV-2 RBD and ACE2 complex [18]; these researchers were capable of recognizing 15 

amino acids within SARS-CoV-2 RBD that are essential for the interaction. These specified 

amino acids residues were used to construct four potential peptide-based inhibitors [19]. 

We have used Rosetta Peptiderive tool, accessible through ROSIE server, to examine the 

complex between RBD of SARS-CoV-2 and ACE2 receptor [20,21]. Our preliminary results 

indicate that Rosetta energy unit (REU) for this proteins pair, expressed as total interface score, 

is -27.47. Peptiderive tool helped us to identify the peptide fragment of ACE2 receptor that has 

the largest contribution for interaction energy between ACE2 and spike protein as seen in 

Figure 1. According to Figure 1 (B), a peptide fragment with a window start position of 4 may 

contribute to about half (44.46%) of total interface score (REU). This candidate has a length of 

20 amino acids (residues 22-41) and a sequence of “EEQAKTFLDKFNHEAEDLFY”. We 

hope that cyclization with appropriate linker may enhance both efficiency and stability of this 

linear peptide as a potential peptide-based inhibitor against COVID-19. The red circle in 

Figure 1 (B) refers to a peptide with a window start position that can be cyclized by disulfide 

bridge. 

 



4 
 

 

Figure 1: (A) The location of potential peptide-based inhibitor is highlighted in red within 

6M0J crystal. (B) The energy contribution of the designated peptide can be seen within the plot 

of interface score versus window start position.  

New potential targets for SARS-CoV-2 attachment and entry: 

The tropism of SARS-CoV-2 is mainly dependent on the interaction between viral spike protein 

and host cellular receptor. SARS-CoV-2 can invade alveolar cells through binding of viral 

spike protein with angiotensin converting enzyme 2 (ACE2) of host cell. A virtual modelling 

study proposed that spike protein of SARS-CoV-2 can also bind to glucose regulated protein 

78 (GRP78) expressed on host cell membrane [22]. Glucose regulated protein 78 is mainly 

located within endoplasmic reticulum lumen, it has a chaperone activity. The expression of 

GRP78 can be induced in response to stressful conditions like cancer and atherosclerosis. This 

heat shock protein can be also translocated to cell membrane in response to stress where it can 

play a role in regulating oncogenic pathways [23]. Cell surface GRP78 can act as a co-receptor 

for Dengue virus and Coxsackievirus A9 [24,25]. The Middle East respiratory syndrome 

coronavirus (MERS-CoV), another beta-coronavirus, can bind to GRP78 expressed on cell 

surface. Through interaction with spike protein, GRP78 can augment the entry of MERS-CoV 

to susceptible cells [26]. Based on the above facts, we believe that patients with chronic 

diseases are more vulnerable to infection with SARS-CoV-2 in part due to persistent cellular 

stressful conditions. GRP78 as a stress sensor will be induced and translocated to cellular 

membrane in those patients, leading to subsequent enhancement of SARS-CoV-2 attachment. 
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The role of cell surface GRP78 in SARS-CoV-2 pathogenesis should be further explored, then 

the rationale to design an inhibitor for this protein-protein interaction can be justified.         

In another attempt to disrupt SARS-CoV-2 entry to host cells, a biotech company called 

BenevolentAI had used machine learning to analyze medical literatures and build a knowledge- 

based graph that identify new relationships and ways to manipulate disease process. Thus, the 

team had suggested the use of baricitinib as an inhibitor of receptor mediated endocytosis to 

reduce SARS-CoV-2 entry. Baricitinib, an antirheumatic drug, can inhibit an enzyme called 

AP2-associated protein kinase 1 (AAK1) that is mainly involved in receptor mediated 

endocytosis [27]. 

Towards epitopes identification and SARS-CoV-2 immune therapy: 

In silico prediction tools of epitopes are keep evolving by using algorithms well trained on 

experimentally resolved antigen-antibody complexes. For successful recognition by B-cells, 

these predicted epitopes must be surface exposed with a significant antigenic potential [28]. 

Recent immuno-informatics attempts have suggested several potential epitopes for B-cells and 

T-cells against SARS-CoV-2 spike protein [29,30]. Some of these predicted epitopes have 

enabled virtual designing of either epitope-based peptide vaccine candidates or antibody 

variable regions. Peptide vaccine design did involve linking predicted epitopes with 

appropriate peptide linker and addition of suitable adjuvant to improve efficiency [31,32]. On 

the other hand, virtual designing of variable regions for antibody prototype relied on simulating 

the recombination of VDJ genes by using OptMAVEn-2.0 tool. Then the initial design was 

further refined by using Rosetta-based in silico affinity maturation to enhance binding affinity. 

It is believed that these variable regions designs can be later grafted onto a human framework 

Fc fragment to construct a potential antibody [33].    

However, both in vitro and in vivo assessments of these designs seem to be essential as they 

may elicit the generation of sub-neutralizing or non-neutralizing antibodies inside the body. 

These antibodies may induce sustained inflammatory reaction or even promote the infectivity 

of subsequent SARS-CoV-2 infection through antibody-dependent enhancement (ADE) 

condition. It is believed that amino acid residues with sequence 597-603 within SARS-CoV 

spike protein can promote ADE condition. This designated sequence is also well conserved in 

SARS-CoV-2 and therefore it should be eliminated when designing a vaccine or antibody 

candidates [16,34].  
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Conclusion: 

If drugs industry and health organizations didn’t cut funding for SARS-CoV vaccine and drug 

development projects after cessation of epidemic, then may be now we have something in hand 

to combat or mitigate SARS-CoV-2 pandemic. The efficiency of current procedures of 

lockdown and social distancing to slow down pandemic dynamics are questionable. The impact 

of quarantine on global economy and people psychological status must be determined for later 

resolve. Currently, medicine industry is racing time to release anti-COVID-19 drug or vaccine 

as soon as possible. But the main question is when we can see a light for ending this gloomy 

tunnel?  
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