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a b s t r a c t 

There is great interest to explore the importance of different amino-acids on immunity of human. Immu- 

nity helps to protect us from the pathogenic infections. The amino-acids are being use to give energy and 

is also used as an important basic molecule for the making of cells, protecting cell and others. Still, a little 

information is known for their importance in the inhibition of main protease of SARS-CoV-2. As known, 

tens of billions of humans are infected due to the SARS-CoV-2 and about a million of deaths are reported 

due to it or COVID. As of now, no promising drug is available in the market to cure the patients from this 

infection. Even, the medicines beings used for the partial cure may have some side effects. Therefore, the 

focus is to explore the natural amino-acids against the Mpro of SARS-CoV-2 as using of amino-acids is 

not toxic to humans. In the present work, authors have studied the amino-acids using DFT calculations 

and then they were explored for their promising role in the inhibition of main protease of SARS-CoV-2 

using molecular docking and molecular dynamics simulations. Out of the 20 amino-acids, arginine found 

to best against the main protease of SARS-CoV-2 using the molecular docking and the binding energy 

was -0.94 kcal/ mol. Further, molecular dynamics simulations for the main protease of SARS-CoV-2 with 

and without arginine was performed using the Amber and different thermodynamic parameters like �H 

and T �S to get �G, comes out to be 2.74 kcal/mol. It is expected that arginine can boost the immunity. 

© 2021 Elsevier B.V. All rights reserved. 

1

t

p

t

t

t

m

t

t

i

t  

A

a

i

a

K

t

T

c

u

t

t

n

G

t

i

f

c

n

a

a

g

r

h

0

. Introduction 

The nations across the world are suffering from the malnutri- 

ion and the infections due to various pathogens. These are the key 

roblems of human for their survival, health and others. Therefore, 

he researchers have developed a new discipline related to the nu- 

rition. The role of the nutrients in the food taken is important in 

he metabolism, different biological functions to provide the im- 

unity at tissue or cell level. With decrease in the amount of pro- 

ein in diet, concentration of amino-acids decreases and the dras- 

ic decrease in the immunity is observed mainly in the develop- 

ng countries. Immunity acts to help in protection of human from 

he attack of various microbes (bacteria, fungi, virus, parasite) [ 1 , 2 ].

mino-acids are being used to synthesize the new cells to fight 

gainst the microbes and to avoid infections due to microbes via 

nhibition. This has attracted the researchers to explore the role of 

mino-acids against the main protease of SARS-CoV-2 to decrease 
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he infection from SARS-CoV-2 in patients and save their life [3–7] . 

ill data millions of people got infected due to this virus and the 

aused disease is known as COVID-19. Computational tools can be 

sed to study the inhibition of main protease of SARS-CoV-2 using 

he various drugs, drug like candidates, amino-acids, Density func- 

ion theory (DFT) approach is used to know about the thermody- 

amic parameters of the amino-acids using the Gaussian and the 

aussview (interface) [8–13] . Further, molecular docking was used 

o study the interaction of the small with the amino-acids present 

n main protease of SARS-CoV-2 and explain the interaction in the 

orm of physical data, that is, binding energy [14–16] . Further, it 

an be used to screen the molecules. After then, molecular dy- 

amics (MD) simulations was used performed to study the inter- 

ction of small molecules with the main protease of SARS-CoV-2 

nd the binding energy was calculated using molecular mechanics- 

eneralized born surface analysis (MM-GBSA) [ 9 , 17 , 18 ]. Literature 

eported that the amino-acids can help the patients suffering from 

hronic congestion and sinus. Further, it can reduce the infection 

ia targeting the replication of virus; may be helpful in cleavage 

f the virus etc. Even, amino-acids the units of the proteins and 

o produces the antibodies in human to fight against the infection 

https://doi.org/10.1016/j.molstruc.2021.131924
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131924&domain=pdf
mailto:psingh@arsd.du.ac.in
mailto:biotechnano@gmail.com
mailto:bahadur.indra@nwu.ac.za
https://doi.org/10.1016/j.molstruc.2021.131924


P. Singh, D. Kumar, S. Pal et al. Journal of Molecular Structure 1250 (2022) 131924 

f  

f

i

v

s

2

2

c

t

p

S

(

2

i

d

g  

d

s

s

a

a

(

2

o

b  

t

i

m

b

t

i

2

l

i

l

t

p

V

m

t

s

s

a

a

b

C

d

e

t

b

d

o

e

t

t

t

p

c

[

f

a

f

p

a

t

m

t

f

3

3

u

l

t

e

w  

p

a

p

o

s

t

t

e

s

b  

z

e

e

b

h

I

m

T

t

u

p

a

t

a

e

d

c

a

o

d

3

t

a

rom SARS-CoV-2 [ 19 , 20 ]. In the present work, authors have per-

ormed the DFT calculations of amino-acids and then their promis- 

ng role in the inhibition of main protease of SARS-CoV-2 was in- 

estigated using molecular docking and molecular dynamics (MD) 

imulations followed MM-GBSA calculations. 

. Computational calculations 

.1. Designing of compounds 

The structures of the amino-acids have been drawn using the 

hemdraw, a computational tool. The drawn structures were used 

o studied using the DFT calculations and further, they were ex- 

lored for the promising ability to inhibit the main protease of 

ARS-CoV-2 using the molecular docking and molecular dynamics 

MD) simulations [21–23] . 

.2. DFT calculation 

As of density-functional theory (DFT) approach is an interest- 

ng and powerful computer-based approach to know about the 

esigned molecules for their physical and chemical properties in 

aseous state as well in different state [ 9–11 , 23 , 24 ]. It provides

ifferent thermodynamic parameters and locations of electron den- 

ity on the molecule. It can also be used to get different spectro- 

copic spectra of the molecules. Such information can be obtained 

t different temperature using the DFT calculations. Authors have 

pplied optimizations + frequency with the basis set of 6–31G 

∗

d,p) in default on Gaussian to get the different information [25] . 

.3. Molecular docking 

The designed amino-acids are docked against the main protease 

f the new coronavirus using the Pardock, a web server developed 

y Gupta et al. [23] . It is a promoting tool to get information for

he interaction of ligand with a receptor. It explains the interaction 

n the form of physical data, that is, binding energy for the for- 

ation of complex between ligand and receptor in kcal/ mol. The 

inding energy is obtained due to different interaction like elec- 

rostatic interactions, van der Waals interactions and hydrophobic 

nteractions [26–32] . 

.4. Molecular dynamics (MD) simulations 

Molecular dynamics (MD) simulations is used to study the 

igand-receptor interaction in nanoseconds to microseconds us- 

ng various trajectories based on equation of motion. MD simu- 

ations was performed using the Amber18 and the molecular in- 

eraction between the ligand and receptor were performed on ap- 

lying a force field, AMBER. And TIP3.0 was taken for the study. 

arious trajectories like root mean square deviation (RMSD), root 

ean square fluctuations (RMSF), hydrogen bond to can be ob- 

ained through MD simulations to know about the complex for the 

tability/ inhibition, fluctuation, number of hydrogen bonds. Three 

tages are involved in the MD production, minimizations, heating 

t constant temperature and volume and at constant temperature 

nd pressure. The structure was minimized and then was equili- 

rated. Trajectories were obtained on every 50 0 0 steps. A program, 

PPTRAJ was used for the analysis of data obtained during MD pro- 

uction. RMSD is used to know the deviation of the complex in ref- 

rence to the protein and if the deviation towards higher is more 

han considered instability. Lesser the RMSD means more the sta- 

ility but it’s a preliminary information. Further, RMSF used to un- 

erstand the fluctuation of main protease of nCoV with and with- 

ut ligand. If less fluctuation are obtained for protein in the pres- 

nce of ligand, then consider to have attain more stability. More 
2 
he number of hydrogen bonds means the complex may have at- 

ained more stability than the native protease. But to know about 

he stability and better understanding for the formation of com- 

lex, there is a need to calculate thermodynamic parameters like 

hange in free energy. It can be done by MM-GBSA calculations 

9] . 

Amber 18 can be used to perform the MM-GBSA calculations 

or the main protease of nCoV with ligand. It has a wide accept- 

bility for the calculation of the relative change in energy for the 

ormation of the complex. It tells about the stability of the com- 

lex or can say the feasibility for the complex at a temperature 

nd provides reliable information. Further, the conformational en- 

ropy change (–T �S) was determined based on the quasi-harmonic 

ethod. So, with the help of relative change in energy and the en- 

ropy, one can calculate the relative change in free energy for the 

ormation of the complex using MM-GBSA calculations. 

. Results and discussion 

.1. DFT calculations 

DFT approach was used to know the different frontier molec- 

lar orbitals like highest occupied molecular orbital (HOMO) and 

owest unoccupied molecular orbitals (LUMO) to know the loca- 

ions of electron density so one can tell about the nucleophilic and 

lectrophilic site present in the molecule. All the 20 amino-acids 

ere studied for their HOMO and LUMO at 298 K ( Fig. S1 of sup-

orting informaation) . One this clear after studying the HOMO 

nd LUMO that very small electron density is located on the alkyl 

art of the amino-acids. Further, it is observed that the alkyl group 

r the functional group present on the amino-acids influence the 

hifting of the electron density. More of the electron density is on 

he amide functionality or the other functional groups present in 

he amino-acids [ 9 , 33–36 ]. 

Using DFT calculations, different parameters like zero-point en- 

rgy, thermal energy, thermal enthalpy and free energy for the de- 

igned amino-acids have been determined to know about their sta- 

ility as in Table 1 . Based on the results obtained in the Table 1 ,

ero-point energy, thermal energy, thermal enthalpy and free en- 

rgy of all the amino-acids found be negative. Further, the free 

nergy of arginine, cysteine, methionine and tryptophan found to 

e most negative. Further, dipole moment was calculated to study 

ow the alkyl or the functional group influence the polarization. 

t is reported that more the polarization or more the dipole mo- 

ent of the molecular indicates more the solubility in the water. 

he dipole moment of arginine found to be maximum, indicates 

he maximum solubility in water. 

Further, different properties of the amino-acids are determined 

sing the energies of HOMO and LUMO. One can calculate the 

hysiochemical descriptors like chemical hardness ( ɳ ), electroneg- 

tivity ( χ ), softness (S), chemical potential (μ) and global elec- 

rophilicity index ( ω) as in Table 2 . 

It is reported that higher the energy of HOMO showed ability to 

ct as nucleophilic site and so the reactivity. Further, less the en- 

rgy of LUMO showed its nature as electrophilic site and has a ten- 

ency for accepting electrons. These values help to understand the 

hemical hardness and the softness. Further, the energy of HOMO 

nd LUMO gave a relationship for the polarizability. The energies 

f HOMO and LUMO for the amino-acids does not have significant 

ifferent. 

.2. Molecular docking 

The crystal structure of main protease of SARS-CoV-2 has been 

aken from RCSB (PDB ID: 6LU7) Molecular docking of all the 

mino-acids have been performed against the main protease of 
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Table 1 

Various thermodynamic parameters Zero-point energy, thermal energy, thermal enthalpy and free energy and dipole moment for the designed amino-acids. 

Name of 

amino-acid 

Zero-point Energy 

(Hartree per 

particle) 

Thermal Energy 

(Hartree per 

particle) 

Thermal Enthalpy 

(Hartree per 

particle) 

Thermal Free 

Energy (Hartree per 

particle) Dipole Moment 

Alanine −321.849620 −321.843208 −321.842263 −321.879623 6.01 

Arginine −602.959381 −602.946064 −602.945120 −603.001307 8.31 

Asparagine −489.594882 −489.586131 −489.585187 −489.629006 4.13 

Aspartic acid −509.341947 −509.332920 −509.331976 −509.376360 5.20 

Cysteine −718.062008 −718.053885 −718.052941 −718.095323 6.90 

Glutamic acid −548.418336 −548.407979 −548.407035 −548.455539 5.39 

Glutamine −528.664561 −528.654522 −528.653578 −528.700405 5.92 

Glycine −282.769975 −282.764655 −282.763711 −282.799149 6.39 

Histidine −545.554774 −545.544421 −545.543476 −545.591575 5.12 

Isoleucine −439.069464 −439.059223 −439.058279 −439.105108 5.91 

Leucine −439.052066 −439.041470 −439.040525 −439.087842 3.92 

Lysine −494.080898 −494.069264 −494.068320 −494.119335 4.52 

Methionine −796.218612 −796.207654 −796.206710 −796.256797 4.80 

Phenylalanine −551.537474 −551.526300 −551.525356 −551.575535 3.75 

Proline −398.809449 −398.802375 −398.801431 −398.841316 6.23 

Serine −396.631165 −396.623892 −396.622948 −396.662754 5.49 

Threonine −435.710155 −435.701368 −435.700424 −435.743469 5.07 

Tryosine −587.255747 −587.244939 −587.243995 −587.292649 2.85 

Tryptophan −682.363462 −682.350907 −682.349963 −682.403854 7.61 

Valine −399.998307 −399.989441 −399.988497 −400.031730 5.87 

Table 2 

Physico-chemical descriptors of the amino-acids from the energies of HOMO and LUMO. 

Name of amino-acid E L E H E H-L E ɳ X S μ �

Alanine 0.0268 −0.234 −0.2608 −0.2072 −0.1304 0.1036 −3.8344 −0.1036 −0.0412 

Arginine 0.0235 −0.1996 −0.2231 −0.1761 −0.1116 0.0881 −4.4823 −0.0881 −0.0348 

Asparagine 0.0018 −0.2265 −0.2283 −0.2247 −0.1142 0.1124 −4.3802 −0.1124 −0.0553 

Aspartic Acid −0.0342 −0.2317 −0.1975 −0.2659 −0.0988 0.1330 −5.0633 −0.1330 −0.0895 

Cysteine 0.0148 −0.2349 −0.2497 −0.2201 −0.1249 0.1101 −4.0048 −0.1101 −0.0485 

Glutamic Acid 0.0106 −0.2453 −0.2559 −0.2347 −0.1280 0.1174 −3.9078 −0.1174 −0.0538 

Glutamine −0.0021 −0.2176 −0.2155 −0.2197 −0.1078 0.1099 −4.6404 −0.1099 −0.0560 

Glycine 0.0336 −0.2314 −0.265 −0.1978 −0.1325 0.0989 −3.7736 −0.0989 −0.0369 

Histidine 0.006 −0.2224 −0.2284 −0.2164 −0.1142 0.1082 −4.3782 −0.1082 −0.0513 

Isoleucine 0.024 −0.2338 −0.2578 −0.2098 −0.1289 0.1049 −3.8790 −0.1049 −0.0427 

Leucine 0.0047 −0.2174 −0.2221 −0.2127 −0.1111 0.1064 −4.5025 −0.1064 −0.0509 

Lysine 0.0255 −0.2028 −0.2283 −0.1773 −0.1142 0.0887 −4.3802 −0.0887 −0.0344 

Methionine 0.0172 −0.2174 −0.2346 −0.2002 −0.1173 0.1001 −4.2626 −0.1001 −0.0427 

Phenylalanine 0.02 −0.2233 −0.2433 −0.2033 −0.1217 0.1017 −4.1102 −0.1017 −0.0425 

Proline 0.0305 −0.2269 −0.2574 −0.1964 −0.1287 0.0982 −3.8850 −0.0982 −0.0375 

Serine 0.0264 −0.2548 −0.2812 −0.2284 −0.1406 0.1142 −3.5562 −0.1142 −0.0464 

Threonine 0.0181 −0.2429 −0.261 −0.2248 −0.1305 0.1124 −3.8314 −0.1124 −0.0484 

Tryptophan −0.0212 −0.213 −0.1918 −0.2342 −0.0959 0.1171 −5.2138 −0.1171 −0.0715 

Tyrosine −0.0078 −0.221 −0.2132 −0.2288 −0.1066 0.1144 −4.6904 −0.1144 −0.0614 

Valine 0.0234 −0.2345 −0.2579 −0.2111 −0.1290 0.1056 −3.8775 −0.1056 −0.0432 

Table 3 

Binding energy obtained using molecular docking against the main protease of SARS-CoV-2. 

Name of amino-acid Binding energy (kcal/mol) Name of amino-acid Binding energy (kcal/mol) 

Alanine −0.94 Leucine −1.87 

Arginine −2.92 Lysine −1.76 

Asparagine −0.56 Methionine −2.70 

Aspartic Acid −2.16 Phenylalanine −2.74 

Cysteine −2.66 Proline −0.95 

Glutamic Acid −1.40 Serine −0.80 

Glutamine −1.29 Threonine −1.79 

Glycine −0.54 Tryptophan −2.34 

Histidine −2.20 Tyrosine −2.28 

Isoleucine −1.23 Valine −0.93 
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ARS-CoV-2 using Pardock and the data is given in Table 3 . Based 

n the results obtained, arginine found to be most promising in- 

ibition ability against the main protease of SARS-CoV-2 as the 

inding energy found to be −2.92 kcal/mol. Two- and three- 

imensional view for the interaction of arginine with the amino- 

cids of the main protease of SARS-CoV-2 are given Fig. 1 . Herein,

he arginine interacts with PRO, GLN and GLU of the main protease 

f SARS-CoV-2. 
3 
.3. Molecular dynamics simulations 

For a better understanding of the interaction of main protease 

f SARS-CoV-2 with and without arginine using molecular dynam- 

cs (MD) simulations. Trajectories of RMSD and RMSD are deter- 

ined as in Fig. 2 and Fig. 3 , respectively. 

Based on Fig. 2 , the RMSD values of complex (main protease of 

ARS-CoV-2 -Arginine) is higher than the for the main protease of 
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Fig. 1. (i) Two and (ii) three dimensional views for the interaction of arginine with amino-acids of the main protease of SARS-CoV-2. 

Fig. 2. RMSD plot of main protease of SARS-CoV-2 with and without arginine. 

Table 4 

Calculation to determine the change in Entropy for the formation of com- 

plex between main protease of SARS-CoV-2 and arginine. 

Systems Translational Rotational Vibrational Total 

Complex 17.0101 17.7682 4926.2654 4961.0440 

Receptor 17.0056 17.7662 4863.9630 4898.7348 

Ligand 12.3270 9.1079 48.6238 70.0590 

T �S −12.3225 −9.1058 13.6785 −7.7498 
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ARS-CoV-2 alone in beginning. But on increasing time, the RMSD 

alues of the complex is decreasing and RMSD values for the main 

rotease of SARS-CoV-2 decreases. 

Based on Fig. 3 , the fluctuation for the complex is less than for

he main protease of SARS-CoV-2. So, it can be concluded that the 

tability increases on complexation. 

.4. Calculation to determine the change in entropy 

Using MM-GBSA calculations, relative change in entropy for 

he complex, ligand (arginine) and the receptor (main protease of 

ARS-CoV-2) was calculated as in Table 4 to determine relative 
4 
hange in entropy for the formation of complex , as an important 

nput to get relative change in free energy for the formation of 

omplex. The relative change of entropy for the formation of com- 

lex is −7.7498 kcal/mol. 

.5. Relative change in enthalpy for the formation of the complex 

Another parameter to calculate change in free energy for the 

ormation of complex is relative change in enthalpy (Tabke 5). MM- 

BSA calculations for the complex for a simulation time of 100 ns 

ave the relative change in enthalpy and can be understood from 

he Fig. 4 . 

The relative change in enthalpy is obtained by the contribution 

f various factor as shown in the Fig. 5 and Table 4 . These are

nergy contribution by different interactions (van der Waals, elec- 

rostatic etc.) and free energy (gaseous and solvent). It comes out 

o −5.0 kcal/mol. 

Therefore, the change in free energy for the formation of com- 

lex ( �G) comes out to be = 2.74 kcal/mol. 

There is a need to understand the vaccine made up of viral anti- 

enic fragments and they are obtained from different techniques. 

hey can be easily produced, safer than many as well as more tol- 
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Fig. 3. RMSF plot of main protease of SARS-CoV-2 with and without arginine. 

Table 5 

Determine the change in enthalpy for the formation of complex between main protease of SARS-CoV-2 and 

arginine. 

Energy component 

6LU7_Arginine. 

complex Receptor Ligand 

6LU7_Arginine.complex - 

Receptor - Ligand (kcal/mol) 

Average Average Average Average 

E vdW 

−2380.52 −2371.74 −1.19 −7.58 

E EL −21,397.82 −21,402.71 17.44 −12.55 

E GB −3097.40 −3080.19 −33.55 16.34 

E SURF 109.32 108.54 1.99 −1.21 

�G Gas −23,778.34 −23,774.45 16.24 −20.13 

�G Solv −2988.07 −2971.65 −31.55 15.13 

�H −26,766.42 −26,746.11 −15.30 −5.00 

Fig. 4. Relative change in enthalpy for the formation of complex between main protease of SARS-CoV-2 and arginine. 

Fig. 5. Various relative change in energy for the formation of complex between main protease of SARS-CoV-2 and arginine. 
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rated than other vaccines based on whole virus or the vector. 

here is an issue with vaccine having protein, that is, poor im- 

unogenicity of the vaccine. Further, there may be need of booster 

o increase the potential of such vaccines. Therefore, immunostim- 

latory molecules are used with protein subunit to get the vaccine 

r come out from this limitation. Initially, vaccines were based on 

hole or complete S-protein but later on, researchers are working 

n the S-protein RBD bases vaccines. At present, no protein-based 

accine is under clinical trial. There is also an issue of the produc- 

ion of such vaccine at large scale. In the present work based on 

olecular dynamics simulations, we reach to the conclusion that 

rginine may inhibit the Mpro of nCoV effectively. We have men- 

ioned that it can be an immunity booster so the possibility of in- 

ection due to nCoV will be less [ 19 , 37 ]. 

. Conclusion 

Amino-acids can help the patients suffering from chronic con- 

estion and sinus. Further, it can reduce the infection via targeting 

he replication of virus; may be helpful in cleavage of the virus etc. 

ven, amino-acids are the units of the proteins and so produces the 

ntibodies in human to fight against the infection from SARS-CoV- 

. In the present work, twenty amino-acids are explored for their 

hemical properties using DFT approach. Further, the amino-acids 

ere targeted against the main protease of SARS-CoV-2 and argi- 

ine have shown the best binding and it is −0.94 kcal/ mol. Molec- 

lar dynamics simulations for the main protease of SARS-CoV-2 

ith and without arginine was performed using the Amber to get 

he thermodynamic parameters like change in enthalpy ( �H) and 

elative change in entropy ( �S) to get change in free energy ( �G) 

or the formation of complex and it is 2.74 kcal/mol. 
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