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In protein-ligand interactions, such as antigen-antibody 

interactions and hormone-receptor interactions, a correlation 

between the equilibrium dissociation constant KD and the 

reduced mass of the protein and ligand was found. The 

correlation of dissociation constants as pKD (−logKD) between 

literature values and predicted values was confirmed in high 

coefficient of determination R2 over 0.98. 
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The author has reported the correlation between reduced 

mass and yield in many organic chemical reactions, such as C-

C, C-N, C-O coupling reactions, cycloaddition reactions, 

Bingel reaction of fullerene, and general reactions in the 

synthesis of natural products  and has shown that the 

relationship expressed in the following equations 1a-e for the 

reaction scheme 1 is maintained even in enzymatic reactions 

including formation of ES complex.1-5 Therefore, the author  

 

        
     

Scheme 1. Reaction of molecule A with B to produce C (and 

D)       

 

              

𝑦 =  −0.186
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𝑀A
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′
                                                            (1b) 

 

𝑀A(B)
′ = 𝑀A(B) − 14.03𝑎𝑅A(B)                                     (1c) 

𝑎 = 0.00177𝑀A(B)      (𝑀A(B) ≤ 768)                        (1d) 

𝑎 = 1.36                        (𝑀A(B) > 768)                        (1e) 

 

 y       : yield of molecule C 

M'AB   : adjusted reduced mass of molecular A and B 

M'A(B): adjusted molecular weight of molecular A(B) 

MA(B) : molecular weight of molecular A(B) 

nA(B)   : number of reaction sites A(B) 

nI          : intermolecular reaction = 1,  

           intramolecular or enzymatic reaction = 2 

RA(B)  : number of rotatable bonds of molecular A(B) 

 𝑎      : coefficient for adjustment by molecular weight 

 

was interested in the relationship between reduced mass and 

protein-ligand interactions, such as antigen-antibody reactions 

and hormone-receptor interactions.  For these protein-ligand 

interactions, it was considered appropriate to replace the yield, 

which is a measure of the correlation with reduced mass used 

in the analysis of organic reactions reported previously, with 

the equilibrium dissociation constant KD. The KD, which 

represents binding affinity, is very important in studying 

protein-ligand interactions, and methods for measuring, 

evaluating, and predicting KD are considered important.6 In 

this report, we would like to show a simple KD prediction 

method using reduced mass, which has not been published 

before. 

As for antigen-antibody reactions, the author analyzed 

the reactions between antigens, that cause malignant tumors, 

allergies, and autoimmune diseases, and their antibody drugs, 

as well as the reactions between proteins on the outer 

membrane of SARS-CoV-2 virus that causes the new 

coronavirus infection (COVID-19), and receptors on the cell 

membranes of infected cells. For drug-receptor interactions, 

the reactions with receptors for insulin, insulin-like growth 

factor, calcitonin, calcitriol, and thyroid hormone were 

analyzed. In an equilibrium reaction shown in scheme 2, the 

dissociation constant KD is expressed by the equation 2a. 

Since the yield y is expressed in the equation 2b, if the 

concentrations of A and B are equal and the initial 

concentration of molecule A is [A]0 M, the equation relating 

KD and y can be obtained and is shown in the equation 2d. The   

 

                  
 

Scheme 2. Equilibrium reaction: AB ⇄ A + B                          
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[A][B]
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𝑦 = 100
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= 100
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                          (2b) 

 
[A] = [B]                                                                     (2𝑐)     

 

𝐾D = [A]0

(100 − 𝑦)2

100𝑦
                                             (2d) 

 

KD was calculated by substituting y, which was obtained using 

the equation 1a, into the equation 2d. The number of rotatable 

bonds (NORB) of a protein was determined by first dividing 

the molecular weight by the average mass of amino acid 
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residues (
𝑀A(B)

118.8
), multiplying it by the average number of 

rotatable bonds of amino acids (2.90), and then subtracting the 

number of amide bonds (
𝑀A(B)

118.8
) from it as follows:7  

 

𝑅A(B) = 2.90
𝑀A(B)

118.8
−

𝑀A(B)

118.8
= 0.01599𝑀A(B). 

 

In the previous report on the correlation between reduced 

mass and yield in enzymatic reactions, it was suggested that nI 

in the equation 1 a  represents affinity. Therefore, nI was 

expressed as the equation 3 using the number of binding sites 

or ligands (nA, nB), and the coefficient c was adjusted to 

optimal value in each concentration [A]0 so that the regression 

coefficient of the relationship between the literature and 

predicted value of pKD (pKD = −logKD) calculated by using 

the rewritten equation 1a' and the equation 2d, in the graph 

would be closer to 1.  

 

𝑛𝐼 = 𝑐𝑛𝐴𝑛𝐵                                                  (3) 

 

∴      𝑦 =  −
0.186𝑀𝐴𝐵

′

𝑐(𝑛𝐴𝑛𝐵)2
+ 100                         (1a′) 

 

Table 1 summarizes protein-ligand combinations 

analyzed (sample size = 64), molecular weight, number of 

rotatable bonds, reduced mass adjusted with NORB, nA, nB, n 

(= c(nAnB)2), and the literature values of dissociation constant 

and their predictions in the case of [A]0 = 1×10-6 M.8-42 In the 

table, the literature values of KD were listed without 

considering the differences in measurement methods and 

conditions such as temperature, pH, and salt concentration. 

Literature versus predicted dissociation constants pKD in the 

cases of protein concentration of 1 M, 1×10-2 M, 1×10-4 M, 

and 1×10-6 M are shown in Figure 1. 

 

 
Figure 1.  Literature versus predicted pKD plot of protein-

ligand interaction. (a) [A]0 = 1 M, (b) [A]0 = 1 ×10-2 M, (c)  

[A]0 = 1×10-4 M, (d) [A]0 = 1×10-6 M. 

 
Figure 2. c value ( ● ) for each [A]0 and coefficient of 

determination R2 (▲) in the correlation between literature and 

predicted pKD. 

 

 As shown in Figure 2, the c value refers to the collision 

frequency, and the relationship with [A]0 is expressed by the 

equation: 

   

𝑐 = 99882[A]0
0.4973       (R2 = 1.00)             (4). 

  

Coefficient of determination R2 in the correlation between the 

literature and predicted pKD is over 0.98 in a wide range of 

[A]0.  Although this method does not consider the structure or 

free energy at all, a higher coefficient of determination was 

obtained than the prediction method by machine learning 

using X-ray crystal resolution.6(b,c) Furthermore, this KD 

prediction method can also be used to estimate the number of 

binding sites by changing nA and nB to see if it agrees with the 

predicted value, if the exact measurement of KD is known. 

This method was applied to the prediction of 

dissociation constant of an insect pheromone and the receptor. 

The dissociation constants for the pheromone (+)-disparlure of 

the gypsy moth Lymantria dispar and the pheromone binding 

proteins PBP2 and DNS-PB2 are 2.9×10-6 M and 2.6×10-6 M, 

respectively.43 To make the predictions from equation 1a' and 

2d agree with these literature values, c had to be lowered to 

0.43 (predicted values of 2.8×10-6 M and 2.9×10-6 ), which is 

much smaller than the value (106) calculated as [A]0 = 1×10-6 

M using the equation 4. According to the literature, this 

interaction takes place in two steps at two different sites of the 

receptor, which may be one of the reasons. 

 

 

 

 

 

 

 

 

 

 

   



 

Table 1. Analysis of protein-ligand interaction in the case of [A]0 = 1×10-6 M. 

 
a molecular weight of molecule A, b,d reference for molecular weight of molecule A(B) c molecular weight of molecule B, e number 
of rotatable bonds of molecule A, f number of rotatable bonds of molecule B, g reduced mass adjusted with NORB (RA, RB), h 

number of bonding sites or number of ligands (molecule A), i number of bonding sites or number of ligands (molecule B), h,i In the 
case of antigen/monoclonal antibody interaction, nA and nB were both set to 2 unless otherwise stated in the literature, j n = c(nAnB)2, 
c = 105.5,  k If there was a range of literature values, the value with the higher affinity (smaller KD value) was listed. l reference for 
KD. 



 

 

Table 1. continued 

 
a molecular weight of molecule A, b,d reference for molecular weight of molecule A(B) c molecular weight of molecule B, e number 
of rotatable bonds of molecule A, f number of rotatable bonds of molecule B, g reduced mass adjusted with NORB (RA, RB), h 

number of bonding sites or number of ligands (molecule A), i number of bonding sites or number of ligands (molecule B), h,i In the 
case of antigen/monoclonal antibody interaction, nA and nB were both set to 2 unless otherwise stated in the literature, j n = c(nAnB)2, 
c = 105.5,  k If there was a range of literature values, the value with the higher affinity (smaller KD value) was listed. l reference for 
KD. 
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