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In a pathophysiologic state due to SARS-CoV-2, viscosity and cholesterol are double-edged swords.

ABSTRACT
	Much attention has been paid to the genetic composition and molecular biology of viral particles, infection, and micro-anatomical impacts that culminate in fatalities; vaccines have been in continuous development and production; less attention is paid to the fundamental issues of thermodynamics and activation energy characterization of viral binding to cell membranes. The study aimed at deriving equations that can be fitted to both theoretically and empirically derived data for the quantitation of other thermodynamic parameters and its cognate dimensionless equilibrium constant; some of the derived equations addressed the issue of viscosity and the concentration of cholesterol in particular as they affect translational velocity needed for the delivery of biomolecules to the site of need. The instantaneous velocities before terminal velocity are: ~ 0.046674 m/s (cytosol); 0.141837 m/s (water). The terminal velocities were approximately equal to 3.548614 for the cytosol and 99.590626 nm/s, for water; these values were computed using literature values of translational diffusion coefficients (Di) of glucose in cytoplasm and in water. The value in water is higher than in the cytosol because of higher cytosolic viscosity than aqueous viscosity. Higher viscosities in the membrane and in the cytoplasm enhance binding and infection and can diminish the progress of infection, respectively. Higher feasibility and rates were observed at lower thermodynamic temperatures than at higher ones. It is advised, among others, that pharmaceuticals (including airborne surfactants) and drugs in solution be given at temperatures above body temperature. Future in vitro and in vivo studies on viral infection might focus on various time periods at different temperatures, above and below body temperature.
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1.0	INTRODUCTION
“Intellectual superiority complex and its opposite, which has yet to prevent death due to COVID-19, oppose the knowledge that no one is a tabula rasa”. 
 
Humanity has not yet fully overcome the death caused by COVID-19, despite the belief in an intellectual superiority complex and it’s opposite. This kind of situation might have given rise to the remark that "all theories are useful, but not all theories are valid" (Srinivasan, 2022), which was based on a theory's apparent fault, but the author did not go so far as to criticize it due to the personality who advanced the idea. This is an example of the effect of the inferiority complex. This study has no room for such a scenario. Now, one dares not put to question the following:, and; the former refers to the ratio of free energy (G#) of activation to the thermal energy (RT) and the latter is the case for substrate binding free energy (G) (Sousa, et al., 2020); R, T, kB, h, k, and Kd are the universal gas constant, thermodynamic temperature, Boltzmann constant, Planck constant, first-order rate constant, and ligand-receptor complex dissociation constant (in unit of either mass or molar concentration), respectively. The ratio of free energy change of any kind to thermal energy is clearly dimensionless. No one should be blind-folded to the reality that Kd is either in the unit of g/L or mol. /L. In order not to confuse I with l (the lower case of L), L is used as the symbol of a liter. 

Life is a process that involves the gathering, rearranging, and organizing of matter using energy in response to information encoded in aperiodic molecules. However, the definition of life is criticized for lacking a clear mechanism for managing and reorganizing matter (Pierce, 2023). Computational approaches like molecular modeling are becoming more desirable for determining diffusion rate and diffusivity (Miyamoto & Shimono, 2020). Metabolites must be transported passively or actively.

Coronaviruses are enveloped viruses with non-segmented, single-stranded positive sense RNA genomes (Drosten, et al., 2003). Human coronaviruses include OC43, NL63, 229E, SARS, HKU 1, and Middle East respiratory syndrome coronavirus (Rahimi, et al., 2022). Selective barrier function is crucial for anchoring pathogenic viral agents like coronaviruses, with the micro-biotic environment enhancing evasion and therapeutic-dependent protection. Human coronaviruses, including SARS-CoV-2, belong to the Betacoronavirus genus (Rahimi, et al. 2022 & and the references therein). Mathematical models are used to guide healthcare providers and policymakers in reducing SARS-CoV-2 spread and determining best practices for treatment and prevention (de Pillis et al., 2023).

Membrane composition, including lipids, cholesterol, and lipid-anchored proteins, influence viral particle binding. High viscosity in the cytoplasm can inhibit viral replication and delay metabolite diffusion. Therefore, the proposition that in a pathophysiologic state due to SARS-CoV-2, viscosity and cholesterol are two-edged swords cannot be out of the question. Meanwhile, much attention has been paid on genetic composition and molecular biology of viral particles, infection, micro-anatomical impact that culminate into fatalities; vaccines has been in continuous development and production; less attention is paid to the fundamental issues of thermodynamics and activation energy characterization of viral RNA replication and cell death.

This study aims to define thermodynamic and activation energy model equations to quantify opposing energies that either drive or oppose the biosynthetic pathway that supports virulence and pathogenesis itself. It also explores models describing the effect of viscosity in different compartments, the impact of temperature on infection progress, and proposes methods to halt infection and replication of viral materials. The impact of Severe Acute Respiratory Syndrome-CoV-2 (SARS-CoV-2) is known to have assumed a catastrophic outcome of biological warfare second to nuclear war in its “bad and ugly side”. 

2.	BRIEF THEORETICAL PRESENTATION

2.1.	Effective Kinetic energy

However, the effective kinetic energies in solution are not always equal to the effective average kinetic energy (3kBT/2). 
					, 				      (1)
where mi, kB, T, , L, and ri are the mass of any solute, Boltzmann constant, thermodynamic temperature, viscosity of the medium rather than just the solvent alone, the cube root of the molar volume (m1/1)⅓, where m1 and 1 are the mass of a molecule of water and density of pure water at the prevailing temperature, and the hydrodynamic radius of the solute, respectively; Ek is the thermally influenced translational energy. Based on Stokes-Einstein equation, kBT/6ri, r can be expressed as kBT/6Di. Substitution into Eq. (1) gives alternative to Eq. (1) represented by Eq. (2) below:
					 , 				      (2)
While Einstein–Smoluchowski equation of diffusion has assumed different forms, the most notable of all is the following equation: 
											      (3)
where ℓ and  are the root mean square displacement of the solute and its corresponding duration in seconds. The expected value of ℓ can be calculated based on well-defined conditions like T and i of the medium, but it is misapplication and misrepresentation of Eq. (3) if  is quantified given an arbitrarily chosen value of ℓ, such as the long dimension length of the intracellular medium.
 
To specify the values of τ and ℓ for any solute or particle in general, information about Di alone is insufficient.
					, 			      (4)
					,					      (5)

2.2.	Viscosity

Cytoplasmic rheology is characterized by fluid-phase viscosity, which is the microviscosity of a small solute in the absence of interactions with macromolecules and organelles (Fushimi, 1991). Crowding in the aqueous environment within cells may hinder solute diffusion, which, otherwise, is crucial for metabolism, transport, signaling, and cell motility (Fulton, 1982, Welch & Easterby, 1994). It is inappropriate to use The Michaelis-Menten constant, KM of the dissociation constant (Kd) for the computation of thermodynamic parameters. Simply put, KM is not a thermodynamic equilibrium constant. The concern has been expressed elsewhere (Udema and Onigbinde, 2019) is that the thermodynamic equilibrium constant (Keq) for the determination of apparent Gibbs free energy of any process must be dimensionless, similar to the expectation from Eyring’s equation given as (Eyring, 1935): .

The free energy of enzyme-substrate binding (GES) and Arrhenius activation energy (Ea) values become more positive and higher in magnitude with higher and lower values of KM/Kd and k+1 (forward first-order rate constant), respectively. De novo biosynthesis produces a higher concentration (≈ 700–900 mg/day) of cholesterol than exogenous sources, that is, dietary sources (300–500 mg/day). Storage, de novo biosynthesis, and transport to target points, e.g., the membrane, are ways of regulating cholesterol levels (Shi, et al., 2022). The hypothesis is that enzymes such as thiolase (for the synthesis of acetoacetyl-CoA) and HMG-CoA synthase (for the synthesis of acetoacetyl-CoA) need to be substantially inhibited. 

The processes involved in viral-host cell interaction, biomolecule trafficking in and out of the liver, uptake by the lipid raft, targeted effects on the nucleus, and vital organelles, including the mitochondria in particular, are depicted artistically in Figure 1. The cell plasma membrane contains 26% phosphatidylcholine, 24% sphingomyelin, and 12 % glycosphingolipids (Simons and Ehehalt, 2002). Tissue respiration is compromised when the integrity of the mitochondrial membrane is compromised, which lowers the amount of ATP—a molecular energy—produced. This ought to support the necessity of this study.

[image: Description: 1-10-24-FIGURE ! (2)]

A cooperative effect of sACE2 and sSpike on lipid extraction has also been observed (Luchini, et al., 2021). Compared to other coronaviruses, the spike proteins from SARS-CoV-2 have a very low dissociation constant (14.7 nM) for the binding to ACE2, which makes SARS-CoV-2 highly infectious (Lan, et al., 2020). It must be stated however, that the work of Luchini, et al. (2021) falls short of mentioning the role of lipid rafts in which ACE2 is located, and as well as scavenger receptor B type 1 (SR-B1) which facilitates the ACE2-dependent entry of SARS-CoV-2 (Wei, et al., 2020)

Specifically, the equilibrium dissociation constant (Kd) of ACE2 and SARS-CoV-2 RBD is 4.7 nM, and of ACE2 and SARS-CoV RBD is 31 nM (Lan, et al., 2020); other reports include ACE2 and the SARS-CoV-2 spike trimer Kd found to be 14.7 nM compared with that between ACE2 and SARS-CoV RBD–SD1(Kd of 325 nM) (Wrapp, et al., 2020). 

3.	EXPERIMENTAL

Frankly speaking, no experiments were conducted. Rather, data in some literature materials were adopted for the evaluation of derived equations. 

3.1.	Methods

The methods are completely theoretical. Despite this, three equations are presented here that yield the same values of dimensionless equilibrium constant (Keq(δ)). The concentrations ([LR] s) of LR complexes were calculated for the spike protein (S-protein)-angiotensin-converting enzyme-2 (ACE2) complex and the receptor-binding domain (RBD)-ACE2 complex. Equation (3), where f (the sum of unequal values of [L] and [R]) was used in place of 2f, was crucial to this endeavor.
				  ,			                           (3)
The concentration of free ACE and S-C-(2) SP is  − C where C stands for the molar concentration of the complex, [S-C-(2) SP-ACE]. Details can be found in the literature (Udema, 2025 BioRxiv; )
				,				     (4)
				,		     (5)
				,					     (6)
 			                  ,				     (7)
	  		               ,					     (8)
where the intercept is v0 and the slope (v/[S]) is kcat/M3. In all equations, Eqs (4), (5), and (6), the subscript 0 refers to the initial concentrations of the species when the time is equal to zero. Moreover, the assumption made is that there are free R and L at equilibrium thereby calling for the subtraction of [LR] from [R] and [L].




4.			   RESULTS AND DISCUSSION 

Cholesterol decreases the fluidity of cell membranes and increases their viscosity, but the details of this feature clearly depend on the thermodynamic conditions (Fabian, et al., 2023). Cholesterol is known to induce membrane ordering and tighter packing of cell membranes, resulting in slower lateral diffusion (Rog, et al., 2009), while at low temperatures, where cholesterol breaks the structure of the gel phase, the situation is just the opposite—a trend in loose packing (Schachter, et al., 2022). Membrane viscosity is modulated by the membrane composition, and it is a measure for fluidity (Faizi, et al., 2022). This is why lipid raft is very important in the binding of viruses to membranes. The bottom line is that SARS-CoV-2 binds to the membrane more readily when the lipid raft is more viscous due to its high protein and lipid content, particularly cholesterol.

It is hypothesized therefore, that among any other antidotes, it may be reasonable to deny the invading SARS-CoV-2 a stable base that enables it to inject or release viral material into the cell if and only if the cholesterol and possibly protein content of the lipid raft, estimated to be 20 protein molecules per raft (Simons and Ehehalt, 2002), is reduced. In this regard, studies suggest that increasing cholesterol efflux capacity of HDL could potentially reduce the severity of COVID-19 by affecting the translocation of the ACE2 receptor (including cholesterol-depletion of lipid raft) to lipid rafts and hence the ability of the virus to enter cells (Stadler, et al., 2022). 

Furthermore, the observed removal of plasma membrane cholesterol following treatment with methyl--cyclodextrin, caused the reduction in the levels of ACE2 and the furin protease in lipid rafts, thereby reducing SARS-CoV-2 infection; on the other hand, loading cells with cholesterol via treatment with apolipoprotein (Apo) E and serum increased the trafficking of ACE2 and the furin protease to lipid rafts, resulting in increased SARS-CoV-2 infection (Wang, et al., 2021). The binding of sSpike to ACE2 triggers conformational changes that promote the fusion between the host cell membrane and the virus envelope, thereby allowing the viral RNA to be released into the host cell. Compared to other coronaviruses, the spike proteins from SARS-CoV-2 have a very low dissociation constant (14.7 nM) for the binding to ACE2, which makes SARS-CoV-2 highly infectious (Lan, et al., 2020).

The irony, based on the experimental outcome, is that the presence of proteins, the spike proteins (sSpike), induces the removal of membrane lipids, both in the presence and absence of ACE2, suggesting that sSpike molecules strongly associate with lipids and strip them away from the bilayer via a non-specific interaction. The obvious implication is that it is not thermodynamically feasible for the same cells to become infected twice. The presence of the protein that produces a remarkable degradation of the lipid bilayer (Luchini, et al., 2021) can culminate in cell death. In this regard, there is the possibility of inflammatory cell death due to disassembly of adherens junctions (AJs) and tight junctions (TJs) in both arterial endothelial cells (AECs) and endothelial cells (ECs), and hyperplasia following infection. This is in addition to extracellular matrix (ECM) remodeling and deposition of fibrin clots in the alveolar capillaries, leading to disintegration and thickening of the blood gas barrier (BGB), and ultimately, hypoxia (Makanya, et al., 2013).

A cooperative effect of sACE2 and sSpike on lipid extraction has also been observed (Luchini, et al., 2021). Scavenger receptor B type I (SR-BI), primarily known as the receptor for HDL, enables the selective uptake of cholesterol esters from HDL particles, thereby contributing to the regulation of cellular cholesterol homeostasis. The role of HDL could be the deposition of cholesterol in the cytoplasm while its efflux role may deplete cholesterol. Intriguingly, SR-BI also facilitates the ACE2-dependent entry of SARS-CoV-2 (Wei, et al., 2020) into the cells.

[bookmark: _GoBack]HDLs act as a bridge between the virus and SR-BI since SARS-CoV-2 cannot bind to SR-BI directly (Rani, et al., 2024), albeit a contrary view by Alkazim et al. (2023) that SARS-CoV-2 binds SR-B1 directly. It is known that the infection of SARS‐CoV‐2 begins with the binding of its spike protein to the receptor‐angiotensin‐converting enzyme 2, ACE2 (Li et al., 2023). The binding of the S1 subunit of SARS-CoV-2 to cholesterol and other HDL components, such as apolipoprotein D (Lan, et al., 2020), occurs before fusion. There is the possibility that decreasing HDL particle concentrations could serve as a therapeutic strategy to minimize SARS-CoV-2 infectivity (Rani, et al., 2024).

The functions and composition of heterogeneous lipoproteins (HDLs) alter in response to changes in an individual's physiological and/or pathological conditions. Molecular intermediates that influence inflammatory microenvironments and cell signaling pathways modulate HDL structural modification and function (Grao-Cruces, et al., 2020) which may affect its cholesterol efflux (including efflux from lipid rafts), anti-inflammatory, and antioxidant functions.

While admitting that Chol on cell membranes facilitates viral entry, the role of intracellular Chol in SARS-CoV-2 cannot be overemphasized: Genes (from CRISPR libraries) including sterol-regulatory element-binding protein (SREBP-2), SREBP cleavage-activating protein (SCAP), low-density lipoprotein receptor (LDLR), and membrane-bound transcription factor peptidases, site 1 and 2 (MBTPS 1 and MBTP 2), for cholesterol metabolism are essential for SARS-CoV-2 infection. Besides, treatment with amlodipine, a calcium ion channel antagonist, increases intracellular cholesterol levels, thereby significantly inhibiting SARS-CoV-2 infection (Kluck et al., 2021).

4.1.	Dimensionless equilibrium constant for the binding of viral particle, the ligand to the receptor, the ACE2

In other to determine the dimensionless equilibrium constant for the binding of viral particle, the ligand to the receptor, the ACE2, the values of [LR] were theoretically determined using Eq. (3). The values of [L], the concentration of spike protein is given in the literature (Ozono, et al., 2021) and explored in this research. Included in the same literature is the equilibrium dissociation constant, Kd. Of course, the LR complex represents the spike protein-ACE2 complex for the wide type (WT) and D614G variants. The [LR] values were displaced in Table 1.

Table 1: [LR] values at different thermodynamic temperatures plotted versus [L]

WT								 	 D614G

[LR]/nM values

T/K					          298.15

1.1193									 1.1199
2.2285									 2.2299
4.4565									 4.4598
8.9209									 8.9294
17.8519								 17.8962
23.2530								 23.2795
23.2743								 23.2814

T/K					           303.15

1.0898									  1.1052
2.1670									  2.1990
4.3201									  4.3710
8.5722									  8.7508
16.4232								 17.1963
22.2219								  22.7394
22.9898								  23.1390

T/K					            310.15

1.0457									 1.0699
2.0754									 2.1255
4.1203									 4.2291
8.0888									 8.3485
15.0248								15.7325
20.9567								 21.6247
22.9898								 22.7937

	The values of [L]/nM are: 1.12, 2.23, 4.46, 8.93, 17.2, 35.20, and 71.40 (Ozono, et al., 2021).
The computed values of [LR] are based on Eq. (3).

The graphical determination of the dimensionless equilibrium constant, Keq (δ), based on Eq. (7), is by plotting [LR] versus [L] on the assumption that the receptor, R, has a constant mass concentration equal to 200 ng/ml (Ozono, et al., 2021). The Keq (δ) values were calculated using Eq. (8). The plots were for temperatures of 298.15, 303.15, and 310.15 K for the wild type and 614G variant. Figures 2, 3, and 4 were for the wild type, while Figures 5, 6, and 7 were for the 614G variant. The plots exhibited a hyperbolic curve characteristic of Michaelian kinetics. This is shown as inset in all the graphical figures covering the temperature range. Therefore, the linear phase covering the lower concentrations of the ligand was adopted for each plot; the implication is that the equations stated earlier are suitable for the conditions that go with the reverse quasi-steady-state approximation (rQSSA) and total QSSA (tQSSA), referring to a scenario where [R] > [L] or [R] ≈ [L].



Figure 2:    Determination of dimensionless equilibrium constant based on Eqs (7) and (8) for wild type (WT) at 298.15 K. The molar concentration of ACE2 is equal to 23.28140509 nM on the assumption that the mass per unit volume was 200 ng (Ozono, et al., 2021); the molar mass of ACE2 is equal to 85.9 kDa. Any other data are from the same reference.

                  

Figure 3: Determination of dimensionless equilibrium constant based on Eqs (7) and (8) for wild type (WT) at 303.15 K. The molar concentration of ACE2 is equal to 23.28140509 nM on the assumption that the mass per unit volume was 200 ng (Ozono, et al., 2021); the molar mass of ACE2 is equal to 85.9 kDa. Any other are from the same reference
      

                   	

Figure 4: Determination of dimensionless equilibrium constant based on Eqs (7) and (8) for wild type (WT) at 310.15 K. The molar concentration of ACE2 is equal to 23.28140509 nM on the assumption that the mass per unit volume was  200 ng (Ozono, et al., 2021); the molar mass of ACE2 is equal to 85.9 kDa. Any other are from the same reference

           	

Figure 5: Determination of dimensionless equilibrium constant based on Eqs (7) and (8) for D614G at 298.15 K. The molar concentration of ACE2 is equal to 23.28140509 nM on the assumption that the mass per unit volume was 200 ng (Ozono, et al., 2021); the molar mass of ACE2 is equal to 85.9 kDa. Any other data are from the same reference.

                   

Figure 6: Determination of dimensionless equilibrium constant based on Eqs (7) and (8) for D614G at 303.15 K. The molar concentration of ACE2 is equal to 23.28140509 nM on the assumption that the mass per unit volume was 200 ng (Ozono, et al., 2021); the molar mass of ACE2 is equal to 85.9 kDa. Any other data are from the same reference.

	

Figure 7: Determination of dimensionless equilibrium constant based on Eqs (7) and (8) for D614G at 310.15 K. The molar concentration of ACE2 is equal to 23.28140509 nM on the assumption that the mass per unit volume was 200 ng (Ozono, et al., 2021); the molar mass of ACE2 is equal to 85.9 kDa. Any other data are from the same reference
In order to compute the dimensionless equilibrium constant, Keq(δ), Eq. (8) was explored by fitting it to the slopes and intercepts from the plots, Figures 2 through 8. Other equations (3-6) were also fitted to experimentally generated dissociation constant (Kd) values such as (Ozono, et al., 2021): 1.46 e. (−11) M at 298.15 K; 6.14 e. (−10) M at 303.15 K; 1.58 e. (−9) M at 310.15 K for the WT. Other values are: < 1 e. (−12) M at 298.15 K; 2.97 e. (−10) M at 303.15 K; 1.04 e. (−9) M at 310.15 K for the D614G. The results of such computation are displayed in Table 2. As could be seen, the Keq(δ) values (Table 2) decrease with increasing thermodynamic temperature. The values for the D614G variant are higher than WT values; the corresponding Gibbs free energies of spike protein-ACE2 complex formation are also higher in negative magnitude than values for WT variants. The thermodynamic feasibility is greater for D614G than for the WT variant, and greater feasibility is more pronounced at lower temperatures than at higher temperatures. The entropic energies and entropies are similar in both WT and D614G; however, the higher negative magnitudes of these values in D614G indicate greater stability and a reduced tendency for dissociation or randomness. With D614G, the energy barrier against dissociation is higher than with WT (Table 2).










Table 2: Thermodynamic and activation parameters and cognate dimensionless equilibrium constants
			             
			           WT			                    	          D614G

T/K	         298.15	       303.15        310.15	    298.15	    303.15            310.15
Keq (δ)	       1598.93	       41.17	 16.84	    23285.66	    78.60	  24.49
Ea/e. (5) 	                            6.65 				    7.80 
(J/mol.)	                               
G            −18287.14    − 9370.17    −281.26	  −24926.90	  −11000.31	  −8247.30
(J/mol.)	         		  
H/e. (5)		       −2.81			                 −4.22 
(J/mol.)	      
TS/ e. (5)     −2.63              −2.72           −2.75	      −3.97	      −4.11             −4.15     
(J/mol.)	      
S/e. (3)       −0.88	       −0.89	   −0.89       −1.33	      −1.36	    −1.34
(J/mol. /K)
The alphabet e stands for exponent. Data explored for calculations are from the literature (Ozono, et al., 2021)

Table 3: Exploring van’t Hoff equation given as: InKeq(δ) = −H/RT + C where C may be S/R (Sepsey, et al., 2020, Carrero, 2024 )
	                                      WT						D614G
T/K	         TS/e. (5)		                      G 		TS/e. (5)		        G    298.15		−2.64			    −1.67 e. (4)		− 4.00			− 2.24 e. (4)
303.15		−2.19			    −1.23 e. (4)		− 4.06			−1.56 e.  (4)
310.15		−2.75			    − 6.06 e. (3)		− 4.16			−6.24 e.   (3)

WT: −H/R = 33797, S/R = −106.62 J/K/mol., H = −2.81 e. (5) J/mol., S = −886.4 e. (5) J/K/mol. and D614G: −H/R = 50762, S/R = −161.25J/K, H = − 4.22 e. (5) J/mol., S = − 1340.68 J/K. Results were approximations to 2 decimal places. Data in the literature (Ozono, et al., 2021) were explored for the generation of the data in this research.

Tables 2 and 3 demonstrate that the patterns of the thermodynamic parameter values with temperature are different; Table 3 breaks the increasing trend in the negative magnitude at 303.15 K, in contrast to Table 2. This can be due to unknown elements in the literature's methodology (Sepsey, et al., 2020, Carrero, 2024). In general, both WT and D614G variants exhibit exothermically (exogonically) or rather, thermally induced spike protein binding to ACE2. A reasonable inference is that ligand-receptor complex formation is very stable. This is greater for D614G than for the WR variant. The enthalpy change was generated from van’t Hoff’s plot (Figure 8). 

               
Figure 8: Determination of enthalpy of binding of S-protein to ACE2 for the wide type WT (Brown Square)
and   D614G (Blue rhombus). H0: 4.22050497 e. (5) J/mol. (D614G); 2.80998397 e. (5) J/mol. (WT). The original data explored are as in the literature (Ozono, et al., 2021).

Next, attention should be shifted to activation energy issues. Briefly, let us recall the meaning of activation energies referred by Copeland (page 153) (Copeland, 2002) in the works of Ferst et al. (1974) and So, et al. (1988). The overall activation energy Ea is composed of two terms, GES and. The term  is the amount of energy that must be expended to reach the transition state (i.e., bond-making and bond-breaking steps), while the term GES is the net energy gain that results from the realization of enzyme—substrate (or ligand—receptor) binding energy (Ferst, et al. 1974, So, et al. 1988). In this research, the focus is on the Gibbs free energy of activation for the dissociation () of LR or ES complex in reverse order. However, the Arrhenius equation is explored for the determination of activation energy as shown in Figure 9. The reverse first-order dissociation constant (kdis) values corresponding to different temperatures (298.15—310.15 K) for the LR complex in the literature (Ozono, et al., 2021) were explored. It was however, observed that the kdis values for WT (298.15 K: 1.82 e. (−6)/s; 303.15 K: 97 e. (−6)/s; 310.15 K: 300 e. (−6)/s) and D614G (298.15 K: < 0.1 e. (−6)/s; 303.15 K: 53.9 e. (−6)/s; 310.15 K: 168 e. (−6)/s) protein variants as ligands were increasing with increasing temperature with the values for D614G being lower than the values for WT. 

The implication is that the  values could be lower at higher temperatures; this therefore, suggest that the amount of energy to be expended to accomplish the transition state before dissociation of the LR complex in reverse order is lower at higher temperatures with the result that the LR is less stable at higher temperatures than at lower temperatures. The overall implication is that the LR complex for the WT protein variant is less stable than LR complex for D614G. This view is in line with the conclusion that the D614G mutation increases cell entry by acquiring higher affinity than the WT to ACE2 (Ozono, et al., 2021). It should not be a surprise that by the same argument, as stated earlier, the Arrhenius type of activation for the dissociation of the LR complex (Figure 9) for D614G is higher than for WT (WT: 6.65 e. (5) J/mol. and D614G: (7.89 e. (5) J/mol.) as shown in Table 2.  

                
Figure 9: Activation energy (Arrhenius type) for the dissociation of S-protein-ACE2 complex
The square in brown color stand for D614G while the rhombus stands for WT. WT: 6.65 e. (5) J/mol. and D614G: 7.89 e. (5) J/mol. Both are approximations to 2 decimal places. The original data explored are as in the literature (Ozono, et al., 2021)

There is no doubt that the issue of binding free energy has taken a front burner in the scheme of things connected with viral infection. The reason is that the spontaneity of binding of the ligand to receptor expresses its thermodynamic feasibility that is often signaled by the magnitude of the equilibrium dissociation constant, Kd. Examples of such Kd values are available in the literature (Nguyen, 2020, Ozono, et al., 2021). With such data it has been possible for comparison between two variants of coronavirus to be made. For instance, it has been observed that the RBD of SARS-CoV (SARS-CoV-RBD) has lower affinity for human ACE2-PD than SARS-CoV-2-RBD. Although different groups may report different values of Kd for the same variants studied (Nguyen, 2020), there are bits of evidence for the differences between variants. For instance, for SARS-CoV, Kirchdoerfer, et al. (2018) and Wrapp, et al. (2019) reported Kd ≈ 150−300 nM, which is 10−20 times greater than that of SARS-CoV-2. This implies that the old virus (SARS-CoV) is much more weakly associated with ACE2 than the new virus (SARS-CoV-2). Whereas, Walls, et al. (2020) is of the view that Kd of SARS-CoV is about 4 times larger than Kd of SARS-CoV-2, while a simulation by Nguyen, et al. (2020) yielded an approximately 2 times larger value for SARS-CoV than for SARS-CoV-2. 

There is a need to opine too that unlike the very frequent reference to osmophobic effect of osmolyte (the unfavourable interaction of the organic osmolyte with peptide back bone) which must have a basis (often not specified to explain exclusion of the osmolyte), the binding of spike protein or any other protein ligand to the receptor is driven by electrostatic interaction which should be specifically attractive (Nguyen, 2020). 
If, according to convention, the greatest potential energy between two sites where oppositely charged particles are placed is zero, then the numbers with negative signs appear to indicate that the potential energies were recorded. In addition, the system's total energy is equal to the kinetic energy of attraction but has the opposite sign. These values, as well as van der Waal values, assuming total energies are: − 620.39 and − 791.41 kcal/mol. for SARS-CoV and SARS-CoV-2 respectively. The van der Waals components follow the same order: − 75.56 and −84.48 kcal/mol. for SARS-CoV and SARS-CoV-2 respectively (Nguyen, et al., 2020). This could help to clarify why SARS-CoV-2 spike protein binds to the receptor more firmly than SARS-CoV. In addition to the energetic contributions, scientists (Ali & Vijayan, 2020) are interested in the free energy of binding (ΔGbind) of SARS-CoV-2 and SARS-CoV S RBDs to ACE2. They estimated these contributions from relatively unknown (unfamiliar) frames of all MD simulations using the molecular mechanics-generalized Born surface area (MM-GBSA) approach; the reported values for the binding of SARS-CoV-2 SRBD and SARS-CoV SRBD to ACE2 range between −106 and −140 and −44.5 and −71.2 kcal/mol, respectively. Even though these values are far larger than those calculated for WT and D614G, they nevertheless, provide more proof of variations in binding affinity and its free energy component.

The major issue is that the Kd numbers cannot be utilized directly as ΔGbind = −kBT ln(Kd) to compute the free energy of binding since Kd values have units. If the molar concentrations of SARS-CoV-RBD, SARS-CoV-2-RBD, and ACE2-PD are known, the value of the LR complex concentration can be estimated as described earlier (Eq. (3)). After that, Keq(δ) can be calculated by fitting appropriate equation (Eq. (6)) or any other equation to pertinent data. Comparing thermodynamic parameters based on the techniques used in this study with the findings that are based on Kd values is not appropriate at this time. Nonetheless, the latter's findings might show patterns that are comparable to those seen when exploring Keq(δ) values.

There are undoubtedly several ways to calculate Kd, but understanding [LR] is essential for more computational work. However, such techniques include combining coarse-grained and all-atom steered molecular dynamics (SMD) simulations (Nguyen, 2020), surface Plasmon resonance approach (Wrapp, 2019), bio-layer interferometry (Walls, et al., 2020), etc., even though they are not familiar to much less developed countries. These techniques might not preclude methods developed in this research and detailed in a book submitted for assessment. 

4.2.	Thermodynamics of the anabolism of the intermediate (3-OH-3-methyl glutaryl-CoA) in the synthesis of cholesterol 

In light of the role of cholesterol in the pathogenesis of COVID-19 due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), any part of the pathway in its synthesis is important. Here is presented, based in part on the data in the literature (Bouchard, et al., 2021), the dimensionless equilibrium constants. These were determined by exploring Eq. (7) and Eq. (8). The reaction between acetoacetyl CoA and acetyl CoA is catalyzed by HMG-CoA synthase to yield 3-OH-3-methyl glutaryl-CoA (HMG-CoA), which is an intermediate in the synthesis of cholesterol. A mutant cHS (mutant Chediak-Higash syndrome), which is an organism that has a mutation in the lysosomal traffic regulator gene (Bouchard, et al., 2021), and the wild type were adopted for the assay in the production of HMG-CoA. The dimensionless equilibrium constants were 1.1560749855 and 3.367234744 for the wild type and F137L cHS, respectively. Accordingly, the free energies were −365.55 J/mol. and −3060.09 J/mol. These results show that with the F137L variant, the reaction catalyzed with HMG-CoA synthase is more feasible and spontaneous than the wild type.

4.3.	Thermodynamic characterization of the binding of SARS-CoV and receptor 	binding domain (RBD) to angiotensin converting enzyme2 (ACE2)
The determination of dimensionless equilibrium constant (Keq(δ)) and cognate free energies explored the data in the literature (Raghuvamsi, et al., 2021). The dimensionless equilibrium constants were calculated using Eq. (4), Eq. (5), and Eq. (6). All equations were used to demonstrate their robustness and validity. The results showed the possibility of generating the same Keq(δ) values from Eqs (4), (5), and (6). The S-protein had a stronger affinity for the ACE2 than the RBD, as indicated by the larger magnitudes of the Keq(δ) and free energy (G) of binding values.

Table 4: The dimensionless equilibrium constant of binding interaction of the ligands (S-protein and RBD) and the receptor, ACE2 and free energy of binding
    Protein ligands	                               Keq(δ)					G

		      					        
                             Eq. (4)	             Eq. (5)	              Eq. (6)	                  − RTIn Keq(δ)/J/mol.
S-protein	     3120.18		3120.18	   3120.18		− 2.07 exp. (4)
RBD	                   405.31		405.31	               405.31		 −1.55 exp. (4)
Results were approximation to 2 decimal places; S-protein is spike protein; RBD is receptor binding domain. Data such in the literature (Raghuvamsi, et al., 2021) were explored.

4.4.	Further biophysical consideration

In the equation such as, the product riτ3 is directly proportional to, whereas τ3 is inversely proportional to the Kelvin temperature. This seems to validate the claim that large molar mass solutes, either as substrates or viscogenes, have a greater impact on viscosity. Next, there is a need to give quantitative evidence on the issues raised. First the equation of the instantaneous translational velocity (the velocity before attaining the lower terminal velocity) is given as; literature values of apparent diffusion coefficient of glucose in the cytosol and water at 310.15 K are 3.1 e. (−11) and 8.7 e. (−10) m2/s respectively (Kreft, et al., 2013). Fitting the equation above to each of the datum and molar mass of glucose (180 g/mol.) gives instantaneous velocity before terminal velocity as follows: ~ 0.046674 m/s (cytosol); 0.141837 m/s (water). 

The equation of RMSD is given as. Fitting the equation to each of the datum gives: ~ 1.328374 nm (cytosol); 12.267518 nm. The equation for thermochemical potential field force (TCPFF) is given as. When the equation is fitted to the previously determined values of the parameters, the result is approximately 4.901357 e. (-19) N for water and cytosol. It is approximately, 3.0593 eV /m. The terminal velocity equation is as follows. After solving for the terminal velocity (uterm) and fitting the equation to the computed parameters and the molar mass of glucose, the results are approximately equal to 3.548614 nm /s for the cytosol and 99.590626 nm /s for the water. The magnitude of translational velocity and, ultimately, the pace of biogenesis and viral replication are determined by viscosity and its causal components, as is evident from the data thus far.
It may be possible to prevent viral RNA replication by adding cholesterol and neutral crowders, both small and somewhat large, to the cytoplasm using nanoparticles or any other as-yet-undiscovered technique. This will raise the concentration of solutes of different sizes and, as a result, increase the viscosity. The idea that amlodipine, a calcium ion channel antagonist, increases intracellular cholesterol levels, which may raise cytoplasmic viscosity and substantially lower SARS-CoV-2 infection, lends credence to this theory (Zhang et al., 2020).
5.	CONCLUSION

The spike protein-ACE2 complex is more likely to form at lower thermodynamic temperatures than at higher ones, according to the calculation of binding free energies. It follows that the activation energy required to dissociate the complex is probably greater at lower thermodynamic temperatures than at higher ones. According to research findings and the calculated instantaneous and terminal velocities, viscosity and its causative compositional factors—cholesterol in particular—were found to have a two-edged effect on the pathophysiologic state orchestrated by SARS-CoV-2. The following antidotes were suggested in light of these observations. It may also be necessary to reduce dietary cholesterol sources; biologically neutral viscogenes are added to the cytoplasm to increase viscosity, and medications that decrease cholesterol levels in the lipid raft and raise them in the cytoplasm are used to decrease and increase viscosity, respectively. It is advised that pharmaceuticals (including airborne surfactants) and drugs in solution be given at temperatures above body temperature. Future in vitro and in vivo studies on viral infection might focus on various time periods at various temperatures, both above and below body temperature. 
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{LR}/nM

D614G-310.15K	1.1200000000000001	2.23	4.46	8.93	17.2	1.069904309	2.25512201	4.2291449200000004	8.3485630840000002	15.732542	[L]/nM

[LR]/nM

WT	
3.35401643E-3	3.2986970100000001E-3	3.22424633E-3	7.3770925199999997	3.71761119	2.8236380799999998	D614G	
3.35401643E-3	3.2986970100000001E-3	3.22424633E-3	10.055593099999999	4.3643705800000001	3.1981285700000002	T/K

In Keq(δ)


D614G	
3.35401643E-3	3.2986970100000001E-3	3.22424633E-3	-16.118095700000001	-9.8283800800000005	-3.8447844	WT	
3.35401643E-3	3.2986970100000001E-3	3.22424633E-3	-13.216674100000001	-9.2407995799999991	-2.87682072	1/T/K
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ics summarizing the interaction of SARS-COV-2 with the cell membrane and consequently,
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