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1. Abstract 

In this research we used the structure of 

SARS-CoV-2 main protease (Mpro) for 

docking with Anti-HIV protease inhibitor 

drug molecules within pH 4-8. By carrying 

out the variance analysis of binding energies 

at pH 4-8, it was revealed that the binding 

energy and mode of interaction of the 

potential ligands with SARS-CoV-2 Mpro, 

was dependent on variation of pH. We found 

out that two of the selected protease 

inhibitors have differential binding 

characteristics with changing pH hence their 

binding energies and mode of interaction 

depends upon intracellular pH.  This 

differential binding behavior can lead to 

development of pH selective potent drug 

molecules for binding with viral protease at 

lowered intracellular pH of virus infected 

cell.  
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2. Introduction 

SARS-COV-2 is a single positive strand 

RNA virus [1] with enveloped structure. The 

known strategies to inhibit the SARS-COV-

2 virus have so far included development of 

drug molecules for interaction with host 

sites of coronavirus inside the human cell. 

One of such sites is RNA polymerase 

(RdRp), angiotensin-converting enzyme II 

(ACE2) entry receptor. Identified RdRp 

molecular inhibitors targeting ACE2 have 

showed less specificity and hence severe 

side effects [2][3].  Protease (Mpro) proteins 

also have proven to be potential drug targets 

for anti-viral drug molecules [4][5][6][7]. 

Recently, X-ray crystal structure of the 

SARS-COV-2 Mpro has been determined 

and thus provides an opportunity for 

structure-based protease inhibitor drug 

molecular designing [8]. Recently, several 

covalent binding Mpro inhibitors have been 

designed to target the protein formed by 

His41 and Cys145 [9] but covalent 

inhibitors have shown side effects too [10-
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14]. In contrast, noncovalent protease 

inhibitors show fewer side effects. Recent 

researches are focusing on use of clinically 

approved drug molecules [15-17].  

 

The virus-infected cells produce ATP during 

oxidative metabolism and also by glycolysis. 

Glycolysis converts glucose (C6H12O6) into 

pyruvate (CH3COCOO− + H+) which further 

converts into lactate. Because of high rates 

of glycolysis and synthesis of lactate, pH of 

the cell turns acidic [18]. In this research, we 

used this differential character of the virus 

infected cells to check binding energies of 

anti-HIV protease inhibitors (1-10) at range 

of pH in between 4 to 8. This can reveal if 

any of the selected molecules have pH 

selective binding with protease of an 

infected cell at reduced pH. This research 

can lead to further derivatization of the 

known drug molecules for pH selective 

binding anti-viral drug for coronavirus. 

3. Experimental 

Docking simulations were performed using 

MOE2015.10 software. Structures of all 

drug molecules (1-10) were downloaded 

from PubChem website in .sdf format. By 

using Open Babel software [19] all 

structures were converted to. mol2 format. 

For preparation of receptor, the structure of 

PDB 6LU7 (resolution 2.16 Å) 33 of the 

SARS-COV-2 Mpro bound to a covalent N3 

inhibitor was obtained from the Protein Data 

Bank [20] in .pdb format. Docking 

simulations were performed using 

MOE2015.10 software at pH 4-8.  

 

4. Results and Discussion 

Docking analysis was done on the basis of 

hydrogen bonding, Van der Waals and π-

stacking interactions. Binding energies of 

anti-HIV protease inhibitors (1-10) at pH 4-

8 are given in Table-1. All the selected 

molecules (1-10) are known HIV protease 

inhibitors which can be potent drugs for 

SARS-COV-2 infection based on their good 

interaction with binding sites on SARS-

COV-2 specific protease (6LU7). These 

molecules also have shown good activity 

against COVID epidemics. Data 

demonstrates that all the selected protease 

inhibitors (1-10) bind with energy in 

between 7.5-10 -kcal/mol. The common site 

on protease that are responsible for the 

interactions with the drug molecules are 

hydrogen bonds forming Lewis basic sites. 

Variance in the binding energies of the 

selected molecules (1-10) in pH range of 4-8 

revealed which drug molecules has the 

highest pH dependent interaction with the 

protease reception sites. By variance 

analysis, Tipranavir (8) showed the least 

variance while Indinavir (3) and Saquinavir 

(6) have shown the highest differentials of 

binding with the protease when the pH is 

varied between 4 and 8, implying that 

glycolysis induced acidity in the cell may 

result in different behavior by Indinavir (3) 

and Saquinavir (6) thus forming the basis of 

a selective protease inhibitor for SARS-

COV-2with least side effects. Binding 

energy change with pH for (1-10) is given 

inform of a plot in Figure-1. As can be seen 

in the plot, highest variation is shown by (3) 

and (6). Overall, Saquinavir (6) showed 

higher binding energy compared to Indinavir 

(3) Details of mode of interaction of 

Indinavir (3) and Saquinavir (6) and 

variation with changing pH are given in 

Table-2.1. and 2.2. respectively.  

 

From Table-2.1., it has been found that in 

(3), OD1 ASN  142, CA THR  25, N THR  

26, SD MET  49 and CA ASN  142 are 
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Lewis basic, hydrogen bond acceptor sites in 

the neutral range pH but these sites become 

protonated in the acidic pH below 7 and can 

no longer accept hydrogen bonds from the 

Bronsted acidic sites of the drug molecule 

(3). N GLY  143 is only active as a 

hydrogen bond acceptor in the neutral pH 

range. From Table-2.2., it has been found 

out that in (6) O GLU 166 and SD MET 165 

act as hydrogen bond acceptor towards N10, 

N11 and O5 but at pH lower than 7 these 

sites get protonated and can no longer accept 

hydrogen bonds from Bronsted acidic sites 

of the drug molecule. SG CYS 145 acts as 

hydrogen bond acceptor towards O2 and N9 

at pH 7 but becomes hydrogen bond donor 

towards O3 at pH 6 and towards N6 at the 

pH 4.  

 

 

 

 

5. Conclusion 

We used protease as a receptor for binding 

anti-HIV protease inhibitors (1-10) within a 

range of pH between 4-8. It has been found 

that binding energies and modes of 

interaction are a function of pH for few 

Anti-HIV protease inhibitors when they are 

interacted with protease of SARS-COV-2 at 

increasingly acidic pH.  Indinavir (3) and 

Saquinavir (6) were found to have the most 

variable binding energies with varying pH. 

Hence, these molecules can lead to further 

development of pH selective protease 

inhibitors. Our group is working on further 

structural derivatization of these two 

molecules to make them more selective 

towards SARS-COV-2 virus infected cell 

protease with least possible side effects. 
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Table 1. Binding energy evaluation data by docking of molecules (1-10) with 6LU7 protease.  
S.no Drug name Binding energy -Kcal Variance 

  
pH 4 pH 5 pH 6 pH 7 pH 8  

1 Lopinavir -8.6621 -8.5899 -8.6904 -9.166 -8.9895 0.060775 

2 Ritonavir -9.5703 -9.5537 -9.038 -9.6335 -9.1684 0.072897 

3 Indinavir -8.4765 -8.1934 -9.1431 -9.9663 -9.4476 0.517217 

4 Atazanavir -9.3476 -9.1777 -8.984 -8.944 -9.7643 0.110872 

5 Nelfinavir -8.3861 -8.2052 -8.3058 -9.0882 -8.2026 0.138129 

6 Saquinavir -9.0723 -9.056 -9.1467 -10.39 -9.7729 0.342589 

7 Darunavir -8.2729 -8.8951 -8.757 -8.4063 -8.3662 0.073151 

8 Tipranavir -7.8099 -8.2747 -8.0238 -8.1536 -8.1279 0.030422 

9 Amprenavir -8.7775 -8.2611 -8.5851 -8.4314 -8.1518 0.062523 

10 Fosamprenavir -9.041 -8.7326 -8.4335 -8.3088 -8.4717 0.085267 
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Table 2.1: Details of ligand and receptor interaction between (3) and 6LU7 protease. 

 
pH Total Binding Energy  

Kcal/mol 

Ligand Receptor Interaction   Distance Ligand Binding Energy 

(kcal/mol) 

8 -9.4476 N6 N GLY  143 H-acceptor 3.29       -2.3 
  

N7 O GLU  166 H-donor 3.40   -1.0 
  

N8 OD1 ASN  142 H-donor  3.22 -1.2 
  

  6-ring     CA THR  25 π -H 4.61 -1.1 
  

 6-ring N THR  26 π -H 4.13 -2.0 

7 -9.9663 N9       SD MET  49 H-donor 4.17 -1.3 
  

6-ring CA ASN  142 π -H 4.11 -1.2 

6 -9.1431 O1      O GLU  166 H-donor 2.79 -2.6 
  

N9       O HIS  164 H-donor 2.88 -2.6 
  

  C11     SG CYS  145 H-donor 4.16 -1.2 
  

C11       O HIS  164 H-donor 3.13 -1.0 

5 -8.1934 N10       OE1 GLU  166 H-donor 2.90 -2.2 
  

6-ring NE2 GLN  189 π -H 4.28 -1.7 

4 -9.5703 N8      O GLU  166 H-donor 3.14 -3.3 

 

Table 2.2: Details of ligand and receptor interaction between (6) and 6LU7 protease. 

 
pH Total Binding Energy  

Kcal/mol 

Ligand Receptor Interaction   Distance Ligand Binding Energy 

(kcal/mol) 

8 -9.7729   N10      O GLU  166 H-donor 3.58 -0.6 
  

  N11      SD MET  165 H-donor 3.36 -2.3 

7 -10.39 O2       SG CYS  145 H-donor 3.56 -1.2 
  

O5       SD MET  165 H-donor 3.36 -0.2 
  

N9       SG CYS  145 H-donor 3.89 -1.5 
  

  N10      OE1 GLN  189 H-donor 3.18 -1 

6 -9.1467 O2       OE1 GLN  189 H-donor 2.77 -2.8 
  

N9       OE1 GLN  189 H-donor 3.12 -3.3 
  

  C26      SD MET  49 H-donor 4.15 -0.8 
  

O3       SG CYS  145 H-acceptor 3.72 -0.8 

5 -9.056 O 2       N GLU  166 H-acceptor 2.95 -2.4 

4 -9.0723 N6       SG CYS  145 H-donor 4.10 -2.3 
  

  C21     O HIS  164 H-donor 3.34 -1.6 
  

  C24      SD MET  49 H-donor 4.25 -0.7 
  

O5       N THR  26 H-acceptor 3.01 -1.7 
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Figure 1. Plot of binding energies of (1-10) at pH 4-8. 
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