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ABSTRACT 

The Covid-19 variants' transmissibility was further quantitatively analyzed in silico to study the binding 

strength with ACE-2 and find the binding inhibitors. The molecular interaction energy values of their 

optimized complex structures (MIFS) demonstrated that Omicron BA.4 and 5's MIFS value (344.6 kcal.mol-

1) was equivalent to wild-type MIFS (346.1 kcal.mol-1), that of Omicron BQ.1 and BQ. 1.1's MIFS value 

(309.9 and 364.6 kcal.mol-1). Furthermore, the MIFS value of Omicron BA.2.75 (515.1 kcal.mol-1) was about 

Delta-plus (511.3 kcal.mol-1). The binding strength of Omicron BA.4, BA. 5, and BQ.1.1 may be neglectable, 

but that of Omicron BA.2.75 was urging. Furthermore, the 79 medicine candidates were analyzed as the 

binding inhibitors from binding strength with ACE-2. Only carboxy compounds were repulsed from the 

ACE-2 binding site indicating that further modification of medical treatment candidates may produce an 

effective binding inhibitor.  

 

Keywords: SARS-CoV-2 Omicron variants (BA.4, BA.5, BA.2.75, BQ.1, BQ.1.1), ACE-2, Binding strength, 

Quantitative in silico analysis, Molecular interaction energy, Binding inhibitor, 

 

1. Introduction 

 

Once the death numbers soared by Omicron BA.1 and BA.2 in the last winter; then, new mutants, Omicron 

BA.4 and BA.5, appeared, and the death numbers declined to be compatible with the influenza death 

numbers. Several countries announced that the disease was not to be pandemic. The definition of the 

pandemic is not clear, but the disease was defined as not a pandemic but a syndemic [1-4]. But we are still 

fighting to control Covid-19 infection. The mutants Omicron BA.2, BA.4, and BA.5 are listed as variants of 

concern, and omicron BA.2.75 and BQ.1 is considered a variant of interest [5]. The SARS-Cov-2 infection 

mechanism was described in detail, and the target approach was proposed [6]; however, the solution is far 

from conclusive. The mutation of viruses is too fast, and the development of new vaccines and medicines is 

far behind. Previous infection with an older variant such as Alpha, Beta, or Delta offers some protection 

against reinfection with Omicron BA.4 and BA.5 [7]. This may be a similar mutation of the Omicron BA.4 

and BA.5 S-RBD binding site to that of the older variants and different from that of Omicron BA.1 and BA.2, 

in which various amino acids are mutated. 

 Furthermore, Omicron BA4 and BA.5 showed reduced neutralization by the serum from individuals 

vaccinated with triple doses of AstraZeneca or Pfizer vaccine compared with Omicron BA.1 and BA.2. In 
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addition, using the serum from Omicron BA.1 vaccine breakthrough infections, there were significant 

reductions in the neutralization of Omicron BA.4 and BA.5 whose multiplication extend beyond that to other 

variants [8], raising the possibility of repeat Omicron infections. A greater escape from neutralization of 

Omicron BA.4 and BA.5 compared with Omicron BA.1 and BA.2 was reported [8]. Serum from triple-

vaccinated donors had a 2 to 3-fold reduction in neutralization titers compared with the neutralization of 

Omicron BA.1 and BA.2. The prevention of transmission might become less effective as viruses evolve 

antigenically further from ancestral strains. While vaccination was unlikely to eliminate transmission, the 

combination of vaccines with boosting by natural infection will probably continue to protect the majority 

from severe disease. The L452R and F486V mutations both made major contributions to Omicron BA.4 and 

BA.5 escape. [9] However, the L452R mutation strengthens the binding with ACE-2 based on previous 

analysis. One emerging sublineage Omicron BA.2.75, which might escape from antibodies due to the 

mutation, did not show greater antibody evasion than Omicron BA.5 [10]. A different approach to drug 

discovery was proposed and created minimal virions of wild-type (WT) and mutant SARS-CoV-2 with 

precise molecular composition and programmable complexity by the bottom-up assembly to study the free 

fatty acid binding pocket that was an allosteric regulatory site enabling adaptation of SARS-CoV-2 

immunogenicity to inflammation states via binding of pro-inflammatory free fatty acids. Vitamin K and 

dexamethasone might work in the pocket instead of fatty acids; therefore, the approach may find a future 

COVID-19 therapy [11]. Drug resistance to Nirmatrelvir (Paxlovid) of SARS-Cov-2 protease mutants was 

extensively studied. The mutation around the binding site reduced enzyme activity [12]. The mutation 

prevented antibody binding and neutralization. The antibodies almost always interacted with the amino acid 

at position K417N or E484A [13]. The original amino acid K417 is the key mutation amino acid; the mutation 

to neutral amino acid reduces the S-RBD binding strength with ACE-2. The S-RBD E484 is repulsed from 

ACE-2; therefore, the E484A mutation erases the repulsion from ACE-2. R493 and R498 of S-RBD 

demonstrated their binding with ACE-2 via ion-ion interaction [14]. This fact supported the previous 

observation [15]. 

 On the other hand, monoclonal antibodies have been considered to prevent the virus from infecting 

human cells by binding to the virus's spike protein; however, Omicron is totally or partially resistant to all 

currently available monoclonal antibodies [16]. Another report using lentivirus-based pseudo virus 

demonstrated that Bamlanivimab, Casirivimab, Etesevimab, Imdevimab, and Tixagevimab were less 

functional against BA.2 but Bebtelovimav, Cilgavimab, Imdevimab, Sotrovimab demonstrated a little 

effectiveness for neutralizing Omicron BA.1 and BA.2 variants [17]. Bebtelovimab showed remarkable 

preserved in vitro activity against all SARS-CoV-2 variants, including Omicron BA.4 and BA.5 [18]. The 

monoclonal antibody may bind to the S-RBD for protection; however, the binding with ACE-2 has not been 

described in detail. 

  Previously, the MI of their optimized complex structures demonstrated that Omicron BA.2's MIFS 

value was 1.4 times Delta MIFS and 2.7 times Alfa MIFS. The Omicron BA.2 S-RBD demonstrated the 

most vital transmissible strength [15]. The 14 currently proposed medical treatment compounds did not show 

as the inhibitors to block the Omicron S-RBD and ACE-2 binding. Despite the availability of vaccines and 
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medicines, the infection has not been under control, and Omicron infections are high as ever. Therefore, 

further study was carried out transmissibility of Omicron BA.4 and BA.5, BA.2.75, BQ.1, and BQ.1.1 as the 

difference in molecular interaction energy values. Additional 79 binding inhibitor candidates were analyzed 

in silico by calculating binding strength with ACE-2.  

 

2. Experimental 

The manual docking process was the same as that used previously [15]. The basic complex structure of 

SARS-CoV-2 and ACE-2 was from reference [19]. The amino acids of the extracted S-RBD were mutated 

based on the reference [5], and the mutated structures were optimized using the MM2 program. The mutated 

S-RBD was superimposed on the original reference structure; then, the new S-RBD and ACE-2 formed a 

complex in the optimization process. The MI energy values were obtained from their original and the 

complex's values using the following equation: MIFS = {fs (S-RBD) + fs (ACE-2)} - FS (S-RBD and ACE-

2 complex), where fs is the final structure energy value of individual molecule, and FS is the final structure 

energy value of the complex. HB, ES, and VW indicate the final (optimized) structure, hydrogen bonding, 

electrostatic interaction, and van der Waals force. 

 Computational chemical calculations were performed using a DCPIx86-based PC with an Intel 

Core™i7-2600 cpu 3.40 GHz (Dospara, Yokohama) with the CAChe program (Fujitsu, Tokyo). The 

minimum energy level was 10-7 kcal mol-1.   

 

3. Results and Discussion 

The strongest molecular interaction force is ion-ion interaction; mutations of acidic and/or neutral 

amino acids to basic amino acids of Covid-19 S-RBD enhanced the binding strength with ACE-2 binding 

[20], and such mutation hiked the transmissibility of Covid-19 mutants. The typical mutations are E484K, 

L452R, T478K, Q493R, and Q498R. Once the Delta valiant panicked us with the stronger transmissibility. 

Delta's only two mutations of the S-RBD (L452R and T478K) enhanced the MIFS value 1.71 times that of 

WT S-RBD. Increased numbers of basic amino acids (arginine, lysin) tighten the binding via ion-ion 

interaction. MIES energy contributes 72% of the binding force of Delta. Furthermore, Omicron BA.1 valiant 

with 15 mutants (G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, 

G496S, Q498R, N501Y, Y505H) exhibits the stronger binding force with ACE-2. In addition, Omicron BA.2 

valiant with 16 mutants (G339D, S371F, S373P, S375F, T376A, D405N, R408S, K417N, N440K, S477N, 

T478K, E484A, Q493R, Q498R, N501Y, Y505H) demonstrates the strongest binding force. The four 

mutants to basic amino acids (N440K, T478K, Q493R, Q498R) contributed to their high MIFS energy values 

of Omicron BA.1 and BA.2, 761.7 and 904.3 kcal mol-1, respectively. The ion-ion interaction is their main 

mechanism, and their MIES values contributed 63.7 % of their interaction energy value. 

 However, variants Omicron BA.4 and BA.5 have become widely spread viruses. Their S-RBD 

mutations are the same. Only two mutations actually happened, and the primary mutant is L452R. The 

calculated MIFS energy value is 344.6 kcal mol-1, and the value is similar to that of W.T. The binding strength 

is neglectable, but the simple mutation may speed up the multiplication. Another variant Omicron BA.2.75 
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actually has three mutants (D339H, G446S, N460K). The MIFS energy value was 515.1 kcal mol-1, which 

was similar to that of the Delta-plus (511.3 kcal mol-1). Recently, the variants Omicron BQ.1 and BQ.1.1, 

were emerged and were replacing Omicron BA.4 and BA5. Their MIFS energy values were not high, and 

their basic amino acid K460 is far from the binding site with ACE-2. The spreading reason was considered 

based on their rapid multiplication [8]. The necessary complicated multi-mutation Omicron BA.1 and BA.2 

variants may have weak multiplication; however, Omicron BA.2.75 should be carefully monitored not to 

spread like the Delta variant. The location of mutated amino acids of Delta, Omicron BA.2, Omicron BA.4, 

Omicron BA.2.75, Omicron BQ.1, and Omicron BQ.1.1 are indicated in Figure 1. These calculated MI 

values are summarized in Table 1. Figures of BA.2 and Delta B.1.617.2 are reference structures for their 

comparison.  

 

 

 

Figure. 1. Structure of ACE-2 complexes with S-RBD of Delta, Omicron BA.2 with ACE-2, BA.2.75, BA.4 

(BA.5), BQ.1 and BQ.1.1. 

Critical amino acid residues are indicated as 0.5 atomic sizes, and other amino acids are done as 0.02 atomic 

sizes. The location of ACE-2 aspartic acid (D) is indicated. Another acidic amino acid is glutamic (E). Black, 

dark gray, light gray, and white balls are oxygen, nitrogen, carbon, and hydrogen. 

  

The Omicron BA.1 and BA.2 demonstrated the strongest binding affinity; however, the multiplication was 

expected slow, and our defense (immune) system should overcome the spreading. However, the Covid-19 

virus changed its strategy and produced Omicron BA.4 and BA.5 variants (variants of concern) that mutate 

only three amino acids of S-RBD, and their multiplication speed is considered fast, and it became the main 

Covid-19 virus, now. Omicron BA.2.75 is recognized as a variant of interest due to its transmissibility. 
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Table 1 Molecular interaction energy values between ACE-2 and SARS-CoV-2 mutants 

Mutant   MIFS MIHB MIES MIVW 

WT   346.0675 284.725 186.499 -58.491 

Delta B.1.517.2 594.1785 321.588 426.310 -70.623 

Delta-plus AY.1 511.2668 353.568 264.584 -53.387 

Omicron BA.1 761.7122 389.186 484.065 -60.100 

Omicron BA.2 904.3286 475.158 576.588 -73.122 

Omicron BA.2.75 515.1229 288.025 282.777 -27.122 

Omicron BA.4&5 344.6077 175.479 166.0875 -62.349 

Omicron BQ.1 309.9460 248.473 97.942 -3.738 

Omicron BQ.1.1 364.6182 300.761 114.112 -17.027 

PDB 7kmb, Unit: kcal·mol
-1

  

 

 The additional 79 inhibitor candidates were studied to determine whether they would inhibit the S-RBD 

binding with ACE-2. The calculated MIFS, MIHB, MIES, and MIVW values are summarized in Table 2.  

 

Table 2. Molecular interaction values between an analyte and ACE-2 

Compound [ref] MIHB MIES MIVW XlogP logP* pKa* 

Absinthin [21] 24.991 4.611 19.358 2.2   

Aesculetin [22] 56.528 15.021 -3.040 -2 

Angelicin [22] 4.024 6.277 1.862 2 2.08(S) 

Artecanin [44] -7.827 9.904 16.913 0.2 

Asperagenin [21] 42.577 25.362 13.564 3.9 

Aspirine-O-mannoside methylester 146.306 36.721 9.076 

Baicalin [23] 72.096 21.502 5.309 1.1 

Berberine [23] 19.849 7.162 15.118 3.6 

Bergapten [22] 61.680 13.776 3.624 2.3 1.93(E) 

Budesonide [28] 39.565 3.638 10.409 2.5 1.914(D) 

m-Carboxy-L-tyrosine methylester -42.521 -36.950 25.828 

m-Carboxy-L-tyrosine methylester 

 mannoside -38.815 -37.112 28.540 

Carmofur [25] 32.058 8.183 -7.103 2.6 2.63(E) 

Carolacton (M) [29] 90.786 34.017 13.273 3.4 

Carolacton (I) 49.382 3.561 -3.051 

CHEMBL2171598 [28] 56.611 34.619 24.789 7.1 

Chloroquine [25, 31-33] 41.069 16.030 11.630 

Cinanserin [25] 93.928 46.517 -11.833 4.1 

Clofazimine [46] -8.091 -24.558 21.147 7.1 7.66(D,E) 8.51(D) 

Dalcetrapib [34] -3.442 3.277 21.218 7.1 

Dasatinib [35] 59.391 4.710 21.513 3.6 1.8(D,HM) 

Deguelin [23] 29.416 22.198 15.848 3.7 

2,6-Deoxyactein [21] 40.586 3.839 24.837 3.9 

Dexamethasone [36] 178.940 44.341 -15.208 1.9 1.83(H) 

Disulfiram[25] 34.658 3.467 14.802 3.9 3.88 

Dolutegravir [37]  83.004 34.956 3.494 2.4 2.2 

Dorsilurin E [30] 195.398 -7.930 -17.266 3.9 3.88(H) 

Ebselen [25]  62.609 32.602 6.118 - 

EIDD-2801 [29],  113.580 44.426 2.170 -0.8 

Emetine [29] 47.286 1.543 4.784 4.7  5.77, 6.64(HS) 

Emodin [25] 58.023 4.345 -1.169 2.7  

Etravirine [37] -2.536 5.482 23.965 4.5 

Eugenol [23] 55.699 -4.692 10.954 2 2.27(E) 10.19(D) 
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Evodiamine [23]  13.125 7.648 11.834 3.1 

Favipiravir [25, 38-40] -34.055 -32.693 16.672 -0.5  5.1(D) 

Flavanone [48] 41.321 1.408 7.738 

Fluvoxamine [28,41] 43.850 10.628 -5.581 2.6 3.2(D) 

Fluoxetine [28] 7.449 4.715 15.166 4 4.05(D)- 

Hecogenin [21] 27.224 17.992 11.173 4.8 

Heraclenin [22] 10.100 3.894 18.997 2.2 

Heraclenol [22] 24.340 4.703 5.210 1.2 

Homoharringtonine 

  (Omacetaxine mepesuccinate) [29] 85.605 65.102 7.787 0.8 

(2R,3S,4S,5S,6R)-6-(Hydroxymethyl)- 

oxane-2,3,4,5-tetrol [25] 48.840 16.969 -9.645 -2.6 

2-Hydroxypropane-1,2,3- 

tricarboxylic acid (M) [25] 38.858 17.744 -2.030 -1.7 

2-Hydroxypropane-1,2,3- 

tricarboxylic acid (I)  repulsed 

Imperatorin [22] 56.808 23.858 4.483 3.4 2.983 

Indinavir [37, 41] 66.626 5.283 15.868 2.8 2.9(D),3.49(E) 

Kazinol-A [24] 50.404 64.987 6.795 6.6 

Kurarinone [23] 39.696 3.256 10.240 5.6  

Laninamivir (Inavir) [39] 59.592 24.819 -3.599 -3.2 

Limonin [21] -5.413 4.090 20.745 1.8 

Limonoid [42] 70.553 26.388 8.003 

Oleandrin [43] 5.989 -0.327 28.278 2.4 2.53(HS) 

Oxepeucedanin [22] 6.371 7.904 17.283 2.6 2.55(HS) 

Peramivir (Rapivab) [39] 37.872 25.813 13.216 0 

PGG (1,2,3,4,6-Penta-O-galloyl-- 

D-glucose) [23] 106.966 17.225 -8.799 3.6 

Procyanidin [23] 83.264 24.991 -13.070 2 

Psoralen [22] 20.576 12.800 1.547 2.3 1.67(E) 

Quercetin-7-O-glucoside [23] 43.254 21.447 9.830 0.4 

Raltegravir [37] 68.484 32.632 -5.509 1.1 0.40 (HS) 

Resveratrol [26] 21.596 8.489 5.493 3.1 3.1(HS) 8.99,9.63,10.64(HS) 

Ribavirin [25, 32] 53.518 23.421 8.328 -1.8 -1.85(D) 

SaikosaponinA [23] 54.456 25.843 14.237 2.5 

Saquinavir [35, 41] 133.586 58.456 5.561 4.2 3.8(D), 4.7(E) 

Sanggenol F [30] 21.400 20.625 14.030 F5.2  

Sanggenol L [30]  36.708 18.802 -5.954 L5.3 

Savinin [24], -4.988 0.181 22.904 3.6 

Saxalin [22] 2.851 2.749 19.408 2.9 

Schizanthine Y[44] -5.257 2.240 18.725 D2.8, A5.3 

Shizukaol A [21] 12.107 9.477 13.054 2.3 

Sildenafil [35] 10.306 2.023 27.418 1.5 1.9(D), 2.75€ 

Tadalafil [35] 6.996 6.654 17.179 - 

Theaflavin-3,3-digallate [24] 63.911 28.390 21.023 3.2 

Tideglusib [25] 15.821 8.800 21.432 4.3 3.28(D) 

Timosaponin A-1 [21] 34.063 12.904 14.588 4.9 

Tipranavir [37] 27.923 16.549 18.736 7 6.9(D) 

Toddacoumaquinone [22] 28.005 19.471 7.079 3.6 

Tomentosolic acid [21] -0.003 8.259 18.830 6.1 

Triterpenoids [42] 84.022 40.515 -11.814 3.9                                 

(M), (I): molecular and ionized compounds; MIFS, MIHB, MIES, MUVW: Molecular interaction energy value of the final 

(optimized) structure, hydrogen bonding, electrostatic and van der Waals interaction (unit: kcal.mol-1) 

*logP and pKa from PubChem: D(Drug Bank), E(EPA DSSTox), H(Hansch logP), S(Sangster), Ch(ChEMBL), H.S. 

(Hazardous substance data bank) 

 

The binding inhibitor candidates were m-carboxyl-L-tyrosine, citric acid, and the citric acid glycosides, 

ferulic acid, gallic acid, glycyrrhizic acid, ibuprofen, lactic acid, malic acid, mefenamic acid, nalidixic acid, 

and naproxen [20], modified PF07321332, and modified gallocatechin gallate [15], and 2-Hydroxypropane-

1,2,3-tricarboxylic acid. Only acidic compounds were repulsed from ACE-2. The modification of the 

phenolic hydroxy group or a cyano group to the carboxy group may avoid the adsorption at the contact site 

of ACE-2. However, this study did not analyze the binding affinity of monoclonal antibodies due to their 
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uncertain stereo structures in physiological conditions.  

 Further study is required for the proposed compound to predict the toxicity and the docking with SARS-

CoV-2 protein and whether the new compounds may block the multiplication or not. The latter analysis 

requires a supercomputer. A new type of designed multiplex SARS-CoV-2 vaccine was proposed. The 

universal adjuvant-free nano-vaccine platform by clustered regularly interspaced short palindromic repeats 

engineering of bacteriophage T4 in which multiple targets can be incorporated into a single-phase scaffold 

to rapidly generate various vaccine candidates against any emerging pathogen during epidemic or pandemic 

situations [47]. The overall adjusted hazard ratio for SARS-CoV-2 infection was 0.47 and 0.51 after previous 

natural infection versus Pfizer and Moderna vaccination [49]. We have to make multi approaches to control 

coming new viruses. 

 

4. Conclusion 

Omicron BA.2 valiant demonstrated the highest binding strength with ACE-2 among various variants, 

including Delta valiant; however, Covid-19 changed the strategy, and it changed to a few mutations of 

Omicron BA.4 and BA.5 variants to enhance the multiplication; even the Omicron BA.4 and BA.5 

variants' binding strength was weakened. The new variants, Omicron BQ.1 and BQ.1.1's binding strength, 

was also weakened; however, these variants are replacing Omicron BA.4 and BA.5 by multiplication. The 

candidate inhibitors for blocking the S-RBS and ACE-2 binding should be carboxy compounds repulsed 

from ACE-2 because several acidic amino acids exist at the ACE-2 contact site. The steric hindrance and 

the number of basic amino acids of variants affect the binding affinity. In the Omicron virus multiplication 

process, supplying excess basic amino acids is required. The "Healthy eating" report presented the regional 

food habitude, suggesting transmissibility and mortality are very high in certain countries. Excess eating 

of dairy and animal protein seems to relate to the urgent problem. 
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Highlights 

⚫ Quantitative in silico analysis of Covid-19 variants (BA.4, BA.5, BA.2.75, BQ.1, BQ.1.1) was 

performed to analyze their transmissibility as additional analysis of older variants, alpha - delta, BA.1, 

and BA.2. 

⚫ The calculated binding affinity was related to their transmissibility up to BA.1 and BA.2. 

⚫ Variants (BA.4, BA.5, BQ.1, BQ.1.1) supposed to be escaping neutralization exhibited weak binding 

affinity with ACE-2. 

⚫ The mutation to basic amino acids enhanced their transmissibility. 

⚫ The proposed treatment medicines did not work in blocking the S-RBD and ACE-2 binding. A further 

modification was proposed.  
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