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Abstract 

A first step toward finding effective antivirals for Covid-19 may be the 

identification of immunogenic, conserved, short and accessible epitopes on the surface 

molecules of human coronavirus. An important requirement, however, would be to be 

sure these epitopes do not align well with human proteins, thereby reducing the 

possibility of off-target interactions by the antiviral. So far, the focus of the medical and 

scientific communities has been on finding vaccines that can combat the disease 

preemptively, but this approach might fall short upon the next mutation of the virus. 

Would there be a safe and sustainable treatment strategy for a viral infection such as 

Covid-19 when new variants or strains of the virus are evolved? In this study, it was 

hypothesized that an immunogenic, conserved, short and accessible epitope of the virus 

with maximum mismatches when aligned with human protein sequences might be a good 

target for sustainable therapeutics such as antivirals. This hypothesis was based on the 

premise that antivirals are fabricated to bind strongly and selectively to a target molecule 

in the form of paratope-epitope complex while skipping all other undesirable bindings. 

This exquisite affinity and specificity ultimately result in maximizing the antiviral’s 

precision and minimizing adverse immunological reactions. To achieve this goal, 

bioinformatic approaches such as BLAST querying and utilizing different NCBI 

databases were used. In this study, the results were narrowed down to one six-residue 

sequence, IKWPWY, in the spike protein of SARS-CoV-2, with two mismatches against 



 

 

 

human protein sequences. Finally, IKWPWY, being a conserved sequence among all 

strains of human coronavirus, was demonstrated to be likely a reliable and steady target 

for therapeutics. The conclusion from these findings was that by employing exhaustive 

bioinformatic algorithms, we might not be too far away from discovering an antiviral that 

can be used against all strains and variants of human coronavirus provided that the 

hypothesis of ‘Maximum Mismatch’ is true.
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Chapter I 

Introduction 

 

Covid-19 has revealed our vulnerabilities, such as high morbidity and mortality, 

and the demand for more assuring treatment strategies for future pandemics. Although 

there is no FDA-approved antiviral that can claim clearing the Covid-19 infection, the 

current preventative care, the mRNA vaccine, has proven to be somewhat effective as a 

prophylactic measure in fighting and preventing the spread of Covid-19. The major 

disadvantages of vaccines are three-fold: 1) There is no guarantee that a vaccine can work 

against a new variant of a virus; 2) Booster shots are hypothesized by many scientists to 

be needed periodically for many kinds of vaccines; and 3) The Covid outbreak unveiled 

people’s reluctance to mandatory inoculation perhaps due to the fear of receiving the 

alleged side effects i.e. Serious Adverse Reactions. This pushback can potentially put our 

society at risk. Nonetheless, it is a fact that unlike targeted antivirals that can be used 

once and on an emergency basis, hence lowering the chances of receiving the possible 

Serious Adverse Reactions, healthy people are urged to be immunized to halt a potential 

epidemic. 

Undoubtedly, to circumvent the mentioned complications with vaccines in 

general, and the Covid-19 vaccine in particular, an alternative approach such as 

developing efficient antivirals needs to be considered. The goal is to find stable, 

accessible epitopes on the virus that are conserved among variants, and to evoke strong 

immune response with antiviral ligands that ignore human proteins selectively. Klase (as 
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cited in Avril, 2020) in an article entitled “Why the coronavirus and most other viruses 

have no cure” stated that the reason viruses are so hard to treat is their wide variety. 

Viruses tend to mutate much more rapidly than bacteria, and that is why a drug to 

suppress the viral infection is likely to be highly effective only against the variant for 

which the drug was made. 

To show the depth of the variation among viruses, coronaviruses can be 

investigated. Coronaviruses, divided into four genera, infect many species (hosts) such as 

mammals and birds. According to Centers for Disease Control and Prevention (2020), 

there are seven strains of human coronavirus: Four HCoV strains (causing common cold), 

SARS-CoV (causing SARS), MERS-CoV (causing MERS), and SARS-CoV-2 (causing 

Covid-19). A variant is the result of a single or multiple point change(s) in the nucleotide 

sequence of the original strain. A lineage is a collection of sub-variants that define a 

specific line of the original variant. A lineage may further divide into sub-lineages 

comprised of similarly identified sub-variants. For example, SARS-CoV-2 as a strain, 

stemmed from the Betacoronavirus genus, has Omicron as a Variant of Concern that 

itself has many lineages and sub-lineages such as A and A.1 respectively (Figure 1). 
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Figure 1. Coronavirus Taxonomy  

 

To elucidate the complexity of dealing with a virus variant further, the structure of 

SARS-CoV-2 can be investigated. The SARS-CoV-2 genome has two main Open 

Reading Frames (ORFs), ORF1a and ORF1b, which contain two-thirds of the genome 

and ultimately encode 16 non-structural proteins. The remaining one-third, ORF2-

ORF10, encodes four structural proteins including spike (S), nucleocapsid (N), 

membrane (M), and envelope (E) proteins, in addition to nine accessory proteins (Figure 

2). The non-structural proteins have crucial roles such as viral replication and 

methylation. The S protein is responsible for viral attachment and entry into host cells. 

All S, N, M, and E proteins play a major role in pathogenesis and viral assembly, and the 

three surface proteins S, M, and E may be useful as vaccine or antiviral targets. The 

accessory proteins play a very crucial role in viral replication (“Tools for COVID-19 

Research,” 2022).  
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Figure 2. Genome and Proteome Organization of SARS-CoV-2 

Note. From Tools for COVID-19 Research, (https://www.novusbio.com/support/sars-cov-

research-resources) 

 

Given that the commonly used therapeutics (vaccines and antibody cocktails) can 

target the S protein, a single mutation leading to a single amino acid change in the S 

protein creates a new variant that can potentially escape from vaccine or antibody-

mediated immunity. Current vaccinology and pharmacology approaches do not consider 

a one-size-fits-all treatment to circumvent the mentioned complications with current 

therapeutics. Toward this goal, this study investigates whether there is a sequence that is 

particular to SARS-CoV-2 surface proteins, conserved among all variants, and as a 

bonus, conserved among all seven human coronaviruses, but with little or no similarity to 

Homo sapiens proteome. For this sequence to be immunogenic and responsive to drugs as 

an epitope, it must have certain properties such as being short and accessible. Per Atassi 

et al.’s discovery (1975), the antigenic reactive regions, i.e. epitopes of an antigen, are 
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surprisingly small and about 6-7 residues. Sigma-Aldrich (2023) specifies the size of 

antigenic determinants, aka epitopes, as five to eight amino acid residues on the surface 

of the antigen. Epitopes and paratopes are commonly described as the unique amino 

acids, known as binding sites, of an antigen and antibody respectively. A paratope binds 

to an epitope and neutralizes the antigen that usually exists on the surface of a pathogenic 

entity such as coronavirus. According to Akbar et al. (2021), the most reliable way to 

identify a paratope-epitope pair is by solving its 3D structure and determining which 

amino acids contact each other. This paratope-epitope affinity relies on the quality of the 

match, like a lock and a key, and therefore they both should have approximately the same 

number of residues. To show how effective short polypeptide sequences are, Qi et al.’s 

research (2017) demonstrates that the hexapeptide PGPIPN can function as a paratope 

and bind to epitopes in alcohol-induced human liver cell lines and liver tissues of model 

mice. This therapeutic short string of amino acids can ultimately prevent and cure 

alcoholic fatty liver disease by affecting the expressions of genes and oxidative stress. 

Conceptually, using this short conserved (resistant to mutation) SARS-CoV-2 

sequence as an antigenic target for therapeutics may enable us to address all three vaccine 

complications with eradicating Covid-19. By having a single antiviral that is administered 

once and only when infected, a drug that can effectively bind only to the virus, it can be 

posited that upon a new surge of a virus variant, we can expect to readily have a safe 

effective therapy at our disposal.
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Chapter II 

Materials and Methods 

Step 1 

The RefSeq entry of the complete genome of Severe Acute Respiratory Syndrome 

2 was searched in the NCBI Entrez (Figure 3). 

 

 

Figure 3. SARS-CoV-2 NCBI RefSeq: NC_045512.2 

 

 

 Further, all other six human coronavirus accession numbers were examined and a 

list of what seemed to be the most curated entries was made. 

 

 

 



 

7 

 

Step 2 

NCBI BLASTP queries on all three SARS-CoV-2 surface molecules were run 

against the SARS-CoV-2 Non-redundant Protein Sequences (nr) database to see if the 

surface molecules were highly conserved across all variants of SARS-CoV-2 or not. The 

choice of the surface molecules and nr database was backed by the fact that epitopes exist 

on the surface of antigens and that all known variants/subvariants of the molecules should 

likely exist in the nr database. The goal in this step was to ensure about conservation 

across variants of SARS-CoV-2 which is a must-have feature and not across strains of 

human coronavirus which is a nice-to-have feature. 

 

Step 3 

All three S, E, and M surface molecules were segmented into six-residue 

sequences with five residue overlaps and the repeated sequences were excluded 

(Appendix 1). The rationale was that short surface molecule epitopes are easily accessible 

to antivirals and can be immunogenic i.e. successfully evoke an immune response.  

 

Step 4 

NCBI BLASTP queries on each six-residue sequence were run against the Homo 

sapiens nr exhaustively to identify which sequences would have the maximum number of 

mismatches when aligned with human protein sequences. The rationale for this step was 

as follows: The more an epitope mismatches with human proteins, the lower the chances 

of adverse immunological reactions to an antiviral administered to bind to that epitope 

selectively to neutralize the virus. Moreover, the choice of the nr database was justified 
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by the fact that it is the broadest database, and it would be very unlikely for a discovered 

human sequence (such as immunoglobins which are very variable) to get neglected in the 

search. 

In brief, random six-residue sequences were BLASTP’ed and it was noticed there 

were several of them with zero and one mismatch. This helped formulate less complex 

automation later. Then the aggregated six-residue sequences of each surface molecule of 

Step 3 in FASTA formats were submitted to the BLASTP form of NCBI webpage 

separately. For example, for the S protein, all 1268 FASTA’ed sequences were copied 

and pasted directly into the webpage form and the BLASTP was run in one submission. 

For these BLASTPs, the Max Target Sequences was set to 100 to ensure adequate hit 

coverage is sought and 20000 was entered for the E value to ensure the threshold is less 

stringent, leading to more chance hits being returned (Appendix 2-A). Then the results of 

BLASTPs for three surface molecules were downloaded in three separate text files using 

the ‘Download All’ dropdown menu (Appendix 2-B).  

Furthermore, MATLAB was used to clean the noise from the text files, leaving 

them with batches of 100 hits for each sequence, with each hit including a Query line and 

a subsequent line i.e. the result of the alignment (Appendix 2-C). Considering the earlier 

findings about hits with zero and one mismatch, the MATLAB code was defined in such 

a way to skip the batches that had at least one subsequent line with > 4 matches. Also 

ignoring hits that had a gap(s) was defined in the code. If a batch was not skipped, its 

sequence was printed in the output file to later manually scan the sequence alignment of 

the entire batch for any gaps. This manual, visual, and automatic method of carefully 
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examining the gaps in the text file also helped avoid executing complex logic to cover 

different scenarios of a gap in the code (Appendix 3). 

 

Step 5 

Further it was examined if altering amino acids of IKWPWY by substituting them 

would optimize the mismatch composition or not. To achieve this goal, the matrix that 

was used for BLASTP queries, BLOSUM62 (Figure 4), was applied as follows: 

 

 

Figure 4. BLOSUM62  

Note. Blosum62 scoring matrix is a quantitative approach that is used as a default by 

NCBI BLASTP to show the substitution score of an (i)th amino acid by a (j)th. Amino 

acids are categorized into groups with similar physicochemical properties while a 
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positive score is assigned to more likely substitutions and a negative score to less likely 

substitutions. For instance, the cross section of I row and I column outputs I (+4), V (+3), 

L (+2), and M (+1) as valid positive substitutions for I. Conversely, replacing I with K for 

example has a BLOSUM62 score of -3. 

 

 Firstly, each amino acid of IKWPWY was substituted, one residue at a time, with 

an amino acid with a positive score. For example, ‘I’ was substituted with M, L and V, 

BLASTPs with the same parameters in Step 3 were run, and it was observed if the 

mismatches increased or at least a match lost its place to a partial match or not. The 

justification for this substitution was that an amino acid can be conveniently substituted 

with another amino acid with a positive score without sacrificing the properties of the 

polypeptide sequence as a whole. When an antiviral ligand is engineered for an epitope, 

the paratope-epitope binding affinity might not be lost if one of the residues of the ligand 

paratope, which is supposed to target a residue in the epitope, is substituted with another 

physicochemically close residue. Herein, the abstract substitution in the epitope 

IKWPWY, attempting to increase the mismatches against human proteins, demands a 

real substitution for the mirroring amino acid of the paratope. In other words, an actual 

substitution in a paratope residue targets an epitope residue that could have the potential 

of substitution retrospectively. Ultimately, this change of amino acid in the paratope can 

result in decreasing of undesirable ‘antiviral-human proteins’ complex formations.  

To perform this test properly, the substitution was limited to only one residue for 

each BLASTP query and without replacement; if one residue was substituted, it had to be 

placed back before the next residue was substituted. This was because simultaneous 
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substitutions, no matter how high the score of the substituted residues are on the matrix, 

could compromise the overall binding affinity of the paratope-epitope interface.  

 Secondly, using the adjacent residues, the size of IKWPWY was increased to two 

seven-residue sequences, YIKWPWY and IKWPWYI, to examine whether the three 

mismatches goal could be achieved or not (Figure 5).  

 

 

Figure 5. Residue-added IKWPWY 

 

Specifically, this test was performed because three mismatches out of seven 

residues would result in 43% mismatch threshold which is superior to what was already 

discovered for two mismatches out of six residues i.e. 33%. Moreover, two mismatches 

and a partial match across all hits would also be superior to two mismatches only. The 

attempt was to optimize the mismatch composition and therefore increase instability of 

the undesirable ‘paratope-human proteins’ complexes.  

 

Step 6 

A BLASTP was run on IKWPWY against SARS-CoV-2 nr to confirm the 

sequence conservation across variants of the virus like what was done in Step 2 for the 

surface molecules. Moreover, a multiple pairwise BLASTP was run on IKWPWY of            

SARS-CoV-2 as the query against the S protein of the other six human coronaviruses as 

the subjects to see if the query is also conserved among all strains of the virus. 
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Step 7 

  The S protein of SARS-CoV-2 was viewed in JSmol to locate the position of the 

IKWPWY sequence on the protein. The sequence which includes coordinates 1210-1216 

of the protein did not appear in the 3D structure.  
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Chapter III 

Results 

 

 Step 1 resulted in the following list of accession numbers: 

NC_045512.2: Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, 

complete genome 

NC_004718.3: SARS coronavirus Tor2, complete genome 

NC_019843.3: Middle East respiratory syndrome-related coronavirus isolate HCoV-

EMC/2012, complete genome 

NC_002645.1: Human coronavirus 229E, complete genome 

NC_006577.2: Human coronavirus HKU1, complete genome 

NC_006213.1: Human coronavirus OC43 strain ATCC VR-759, complete genome 

NC_005831.2: Human Coronavirus NL63, complete genome 

 In Step 2, as can be expected for variants of a virus, the first 5000 hits of the 

BLASTP showed that the ‘query coverage’ was maintained in the 99th percentile, 

confirming that all three S, E and M were highly conserved among variants of SARS-

CoV-2. This liberated the sequence discovery from restricting it to any specific segment 

of the molecules until further verification (in Step 5). 

 The quest for small sequences in Step 3 resulted in 1268 six-residue sequences for 

the S protein (Figure 6). The other two surface molecules E and M (Appendix 4) were 

also segmented.  
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Figure 6. Snapshot of FASTA Sequences for S Protein 

 

Step 4 resulted in many sequences with one mismatch but only one sequence, 

IKWPWY, with two mismatches across all hits, and in the S protein (Figure 7).  
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Figure 7. Position of IKWPWY in S Protein 

 

Nonetheless, no sequence with greater than two mismatches was found, 

confirming that an optimal sequence with six mismatches, i.e. zero similarity to human 

proteins sequences, would be impossible to find. A sample of zero and one mismatched 

sequences among all three surface molecules is depicted in Appendix 5. 

As an illustration, a BLASTP was run on IKWPWY as the query and human 

proteins as the subjects for the first 100 hits (Appendix 6). Even one hit with fewer than 

two mismatches could have disqualified IKWPWY as the candidate sequence to conduct 

the remainder of the study on. Also, gaps in the alignment could qualify or disqualify a 

candidate depending on where the gap is. For example, a gap between the third and 

fourth residues on a hit for IKWPWY would mark it as a hit with greater than two 
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mismatches and qualify it immediately but not necessarily a gap between the fourth and 

fifth residues. That was why a careful visual examination of the winning candidates was 

foreseen in the automation. 

Looking at the description table of the BLASTP (Appendix 7), it was confirmed 

that no fewer than two mismatches were possible across all hits, which warranted 66% 

query coverage and 33% mismatch threshold. There were a few hits however with 83% 

query coverage due to the partial matches as the E value increased.  

In Step 5, running all different possibilities that the BLOSUM62 matrix permitted 

for all six residues, no sequence with three mismatches or at least two mismatches and a 

partial match across all hits was found (Appendix 8). Moreover, as can be seen in 

Appendix 9, the extra tests that included adjacent amino acids were not successful either 

and the mismatch composition was not optimized. 

In Step 6, the first 5000 hits showed 100% query coverage for all hits, indicating 

IKWPWY can be used as a stable target. Moreover, as demonstrated in Figure 8, at least 

five out of six residues of IKWPWY were aligned with all strains of human coronavirus, 

which made us confident that upon an emergence of a new variant or strain, IKWPWY 

would probably remain conserved and be used as a steady target for the same 

therapeutics. 
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Figure 8. Multiple Pairwise BLASTP of IKWPWY and S Protein of Human Coronaviruses 

 

In Step 7, the lack of a 3D structure for IKWPWY (tagged as an unmodeled 

region in JSmol) could be interpreted as excessive conformational disorder in the 

IKWPWY region. This yielded some uncertainty as to whether the residues of IKWPWY 

were structured linearly, at least had a 2D distribution, or they were distributed in a 3D 

format. 
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Chapter IV 

Discussion 

 

The attempt in this study was to support the proposed hypotheses of ‘Maximum 

Mismatch’, with bioinformatic data, as a method of discovering effective antivirals for 

viral infections such as Covid-19. This hypothesis was based on the premise that if a 

short immunogenic sequence as an epitope, a sequence unique enough to not align well 

with human proteins, can be found on the surface of all variants of an antigenic invader, it 

would then be possible to discover a common targeted drug to bind selectively to that 

sequence. Of course, the ideal sequence would be one whose BLASTP against human 

proteins would result in hits with the highest possible mismatch threshold across all hits.  

Toward this goal, SARS-CoV-2 surface molecules were segmented to six-residue 

sequences and BLASTP hits were narrowed down to a unique 100% conserved sequence 

across all SARS-CoV-2 variants: IKWPWY with at least two mismatches when aligned 

with human protein sequences. It was further tried to optimize the mismatch composition 

to no avail. It would be reasonable to predicate that a paratope designed for a six-residue 

epitope, an epitope that aligns with the maximum of four out of six residues of all human 

protein sequences, should have a lower chance of forming undesirable ‘paratope-human 

proteins’ complexes. Ultimately, this should result in the ability for the antiviral to avoid 

nonspecific interactions with human proteins and instead selectively bind to the target 

viral antigen. Finally, it was demonstrated that IKWPWY was highly conserved among 
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all strains of human coronavirus and thus upon the next emergence of a new strain, we 

might have the same target and the same antiviral readily available for treatment. 

Nevertheless, the scope of this study did not cover the other contributing factors 

that qualifies a sequence as an immunogenic epitope. These factors may range anywhere 

from the spatial structure of the sequence all the way to the properties of the amino acids 

of paratope-epitope side chains. To this note, the 3D structure of IKWPWY was not 

viewable in JSmol. One of the assumptions for finding mismatches, considering the short 

size of the sequences, was that we would be probably dealing with both linear viral 

sequences and linear aligning human protein sequences. The other assumption was that 

selecting the right amino acids for paratope should provide high enough specificity to 

target only a certain epitope in the vast biological milieu of molecules. Although there is 

complete confidence that, with the parameters used in this study, the highest mismatched 

surface sequence for SARS-CoV-2 was discovered, it cannot be verified that the best 

performing target sequence in vivo was determined. Further studies, using a scripting 

programming language, can be conducted exhaustively to see if there exists a larger than 

six-residue epitope with a greater mismatch threshold than what was discovered in this 

study; an epitope whose 2D sequential or 3D conformational structure can be examined. 
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Appendix 1 

Pseudocode for SARS-CoV-2 Surface Molecules Segmentation 

Assume the name of the text file containing the strings of amino acids (each 

surface protein) is data.txt: 

input = fopen(data.txt);   % opening data.txt in MATLAB workspace 

A = fscanf(input);    % reading all characters of data.txt into A 

fclose(input);                                 % closing data.txt 

len = strlength(A);                         % finding length of A 

size = len/6;                  % calculating size of output array  

B(1) = A(1:6);        % B is output array and B(1) is first entry  

for i = 1 to size 

       B(i+1) = A(6*i: 6*i+5): 

end 

output = fopen(out.txt);            % creating out.txt for output 

fprintf(output,B);                       % writing B into out.txt 

fclose(output);                                 % closing out.txt 

The above code generates the first series of 6-tuple amino acids. This is repeated 

five times: For the second series, the first character (amino acid) read from data.txt is 

omitted and the code is run on the file again. For the third series, the first two characters 

are omitted and so on. 

input = fopen(data.txt);   % opening data.txt in MATLAB workspace 

AA = fscanf(Input);  % reading all characters of data.txt into AA 

A = AA(j: ); % j=1 generates first series, j=2 second series, etc 
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fclose (input);                                % closing data.txt 

len = strlength(A);                       % finding length of A 

size = len/6;                  % calculating size of output array  

B(1) = A(1:6);        % B is output array and B(1) is first entry 

for i = 1 to size 

       B(i+1) = A(6*i: 6*i+5): 

end 

output = fopen(out.txt);            % creating out.txt for output 

fprintf(output,B);                       % writing B into out.txt 

fclose(output);                                 % closing out.txt 
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Appendix 2 

Discovering Maximum Mismatch 

 

A. 
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 B. 

 

 

 C.
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Appendix 3 

Pseudocode for Finding Sequences with Maximum Mismatches 

Assume the name of the original file is “file.txt”. Now refine file.txt and extract 

those lines starting with the word “Query” and the subsequent line into a file named 

“refined.txt”: 

input=fopen(file.txt);     % opening file.txt in MATLAB workspace 

refined=fopen(refined.txt);        % opening refined.txt to store 

refined lines 

while ~feof(input)         % checking file.txt lines till the end 

     tline=fgetl(input);             % reading a line of file.txt 

     if (tline starts with word “Query”) 

         temp=fgetl(input);             % reading subsequent line 

fprintf(refined, tline /n);      % writing line starting  

with “Query” into refined.txt 

         fprintf(refined,temp /n);  % writing subsequent line into 

refined.txt 

     end if 

end while 

fclose(input); 

fclose(result); 

Now we have refined.txt where its lines look like the following (no more noise): 

Query   1   YTWEW   5 

                  YTWEW 
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Query   1    YTWEW  5 

                   YTE  EC 

Query   1     ….. 

Now run the second code on this refined file which only contains lines starting 

with the word Query and the subsequent line: 

input= fopen(refined.txt);                         

output=fopen(final.txt); 

while ~feof(input)   % checking refined.txt lines till the end 

     flag=0;       % resetting flag at beginning of each batch 

     for i=1 to 100        % checking 100 entries of each batch 

          Sequence=fgetl(input);          % reading line containing                                                                                                                                                          

word “Query” into var Sequence 

          Temp=fgetl(input); % reading subsequent line into var Temp 

          if (number of alphabetical characters in Temp > 4 && no 

‘-‘ in Sequence) 

                   increment flag        % flag content will change if 

condition is met 

          end if 

     end for 

     if flag = 0 

           fprintf(Sequence, output);    % if condition was met in  

above batch, line containing word Query will be 

written into final.txt 

     end if 

end while 

fclose(input); 
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fclose(output); 

Now final.txt contains the desired results, if any. 
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Appendix 4 

S, E and M Surface Molecules  
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Appendix 5 

Samples for Mismatched Sequences 

 

Zero mismatch 

MADSNG: M Protein EETGTL: E Protein MFVFLV: S Protein 

   

One mismatch 

LWPVTL: M protein VYSRVK: E Protein YIWLGF: S protein 

   

 

 

 



 

29 

 

 

Appendix 6 

IKWPWY Alignment against Homo sapiens nr 

 

 In a ‘query-anchored with dots for identities’ view, identities appear as dots (.), 

mismatches as blank, and partial matches as single letter abbreviations. Slashes (/) 

indicate gaps in the alignment. Gaps represent parts where Query or Subject have no 

counterpart. IKWPWP has maintained the minimum of two blank spots or at least one 

blank spot and one letter throughout. This is the only six-residue sequence of the SARS-

CoV-2 surface molecules that has no more than four dots when aligned with human 

proteome. 
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Appendix 7 

Tabular Description Display of BLASTP of IKWPWY against Homo sapiens nr 

 

BLASTP description table lists the significant hits along with accession numbers 

and statistical measures of significance. If BLASTP can align all six amino acids of 

IKWPWY against a hit, that would be 100% coverage. IKWPWY has maintained the 

maximum of 83% query coverage when all six residues are identified by BLASTP. This 

is the only six-residue sequence of the SARS-CoV-2 surface molecules that warrants two 

mismatches or at least one mismatch and one partial match when aligned with human 

proteome. 
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Appendix 8 

BLASTPs of Residue-substituted IKWPWY 
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Appendix 9 

BLASTPs of Residue-added IKWPWY 
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