
 

 

 

Masatoshi Kawashima 

Laboratory Section, Azuma Co., Ltd. 

1-6-13 Tamasaki-Nishi, Ichihara, Chiba 290-0044 

E-mail: kawashima@azuma-g.co.jp

 

Correlation between the yield in the enzymatic reaction 

and the molecular weight of the substrate as an approximation 

of the reduced mass of the raw materials was clarified. The 

correlation was expressed by the same regression equation as 

in general organic chemical reactions. The coefficient of the 

regression equation to distinguish between intramolecular and 

intermolecular reactions were better when the values for 

intramolecular reactions were used in the plot of literature 

yields versus predicted yields. It was also found that the 

adjustment of the reduced mass by the number of rotatable 

bonds was not necessary and was found to be a good 

representation of the characteristics of the enzymatic reaction. 
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Previous reports have been revealed that in many 

organic chemical reactions, there is a correlation between the 

reduced mass of the raw material and the yield, as expressed 

by the following regression equation.1-4 The accuracy of the  
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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 = 1, intramolecular = 2 

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

 𝑎      : coefficient for adjustment by molecular weight 

 

 

regression equation can be improved by adjusting the reduced 

mass by the number of rotatable bonds (NORB), which is 

related to rotational kinetic energy, and by the use of a 

coefficient to distinguish intramolecular reactions has 

revealed.5 This paper reports on the analysis of enzymatic 

reactions, which are basically chemical reactions, to assess if 

the characteristics of the enzymatic reaction are reflected.  

Molecular weight of the enzyme is at least 10000. If the 

molecular weight of the substrate is less than 1000, the error 

between the reduced mass of the enzyme and the substrate and 

the molecular weight of the substrate is at the most 10%. In 

the case of enzymes with molecular weights of 16500 to 

675000 and substrates with molecular weights of 300 or less, 

which account for 92% of the examples analyzed in this study, 

the error between the reduced mass and the molecular weight 

of the substrate is less than 1.8%. In addition, since the 

number of reaction sites, nA and nB, in the reaction examples 

used in this analysis is all 1, equation (2) was used for the 

analysis instead of the equation (1): 

 

             𝑦𝑖𝑒𝑙𝑑 =  −0.186
X
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                   X = MB or M'B. 

 

First, esterification and transesterification reactions 

using various lipases (EC number 3.1.-) were analyzed.6-18 As 

an example, transesterification of carboxylic ester with 

glucose using Novozym®435 is shown in Scheme 1.7 

 

 

Scheme 1. Reaction scheme for an analysis of lipase-

catalyzed transesterification of ethyl 11-dodecenoate with 

glucose. 

 

The analysis was divided into two steps: step 1, in which the 

enzyme and ester form an ES complex, and step 2, in which 

the ES complex reacts with glucose, as shown in Table 1. 

Since it was considered to be an intramolecular reaction due 

to the distance between the reaction sites and the 

conformation of the substrate molecule was limited, nI was set 

to be 2 and the molecular weight was not adjusted by the 

number of rotatable bonds. As the result, the predicted and 

literature yields were in good agreement. Other examples of 

the reaction using lipase were analyzed in the same manner 

and the results are summarized in Table 6 after removal of 

outliers by Smirnov-Grubbs test as a significance level of 0.05. 

Literature versus predicted yield plot is included in Figure 1 

as a regression through the origin (RTO) model and expressed 

as blue rhombus (⬥). 
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Table 1. An example of analysis of transesterification using 

lipase. 

 
amolecular weight of the substrate B. bX=MB. cliterature yield of the final 
product.  dpredicted yield of each step. epredicted yield of the final 
product. 

 

Second, glycosylations using glycosidase (EC number 

3.2.-) were analyzed.19-23 As an example, rutinosylation of 

carboxylic acid using rutinosidase is shown in Scheme 2.19   

 
Scheme 2. Reaction scheme for an analysis of glycosidase-

catalyzed rutinosylation of p-hydroxycinnamic acid. 

 

The analysis was divided into two steps: step 1, in which the 

enzyme and carboxylic acid form an ES complex, and step 2, 

in which the ES complex reacts with rutin, as shown in Table 

2. As in the analysis of scheme1, nI was set to be 2 and the 

molecular weight was not adjusted by the number of rotatable 

bonds. As the result, the predicted and literature yields were in 

very good agreement. Other examples of the reaction using  

 

Table 2. An example of analysis of rutinosylation using 

rutinosidase. 

 
amolecular weight of the substrate B. bX=MB. ctotal of the literature yield 

of four products.  dpredicted yield of each step. epredicted yield of the 

final product. 
 

glycosidase were analyzed in the same manner and the results 

are summarized in Table 6 after removal of outliers by 

Smirnov-Grubbs test as a significance level of 0.05. Literature 

versus predicted yield plot is included in Figure 1 and 

expressed as pink open circle (⭕). 

Third, Michael addition/cyclization and Mannich 

reaction using protease (EC number 3.4.-) were analyzed.24-26 

As an example, Mannich reaction using protease is shown in 

Scheme 3.24 The analysis was divided into three steps: step 1, 

        
Scheme 3. Reaction scheme for an analysis of protease-

catalyzed Mannich reaction. 

in which the enzyme and 4-bromobenzaldehyde form an ES 

complex1, step 2, in which the ES complex1 reacts with 4-

methoxyaniline to form an ES complex2, and step 3, in which 

the ES complex2 reacts with cyclohexanone, as shown in 

Table 3. As in the analysis of above examples, nI was set to be 

2 and the molecular weight was not adjusted by the number of 

rotatable bonds. As the result, the predicted and literature 

yields were in very good agreement. Other examples of the   

 

Table 3. An example of analysis of Mannich reaction using 

protease. 

 
amolecular weight of the substrate B. bX=MB. cliterature yield of the final 
product.  dpredicted yield of each step. epredicted yield of the final 

product. 
 

reaction using protease were analyzed in the same manner and 

the results are summarized in Table 6 after removal of outliers 

by Smirnov-Grubbs test as a significance level of 0.05. 

Literature versus predicted yield plot is included in Figure 1 

and expressed as red circle (⬤). 

Fourth, phosphorylations using phosphorylase (EC 

number 2 .4. -)  were analyzed. 2 7 - 2 9  As an example,  

transglycosylation reaction using phosphorylase is shown in 

Scheme 4.27 The analysis was divided into four steps: step 1,  

        
Scheme 4. Reaction scheme for an analysis of phosphorylase-

catalyzed transglycosylation of deoxyuridine 

 

in which the uridine phosphorylase and 2'-deoxyuridine form 

an ES complex1, step 2, in which the ES complex1 reacts 

with phosphate ion to form 2'-deoxyribose 1-phosphate, step 3, 

in which the purine nucleoside phosphorylase reacts with 2'-

deoxyribose 1-phosphate to form an ES complex2, and step 4, 

in which the ES complex reacts with hypoxanthine, as shown 

in Table 4. As in the analysis of above examples, nI was set to 

be 2 and the molecular weight was not adjusted by the number 

of rotatable bonds. As the result, the predicted and literature 

yields were in very good agreement. Other examples of the 

reaction using phosphorylase were analyzed in the same 

manner and the results are summarized in Table 6 after 

removal of outliers by Smirnov-Grubbs test as a significance 

level of 0.05. Literature versus predicted yield plot is included 

in Figure 1 and expressed as green triangle (⯅). 



 

 

Table 4. An example of analysis of transglycosylation using 

phosphorylase. 

 
amolecular weight of the substrate B. bX=MB. cliterature yield of the final 

product.  dpredicted yield of each step. epredicted yield of the final 
product. 
 

Fifth, reduction of nitro and azide groups and oxidation  

of alcohol using dehydrogenase (EC number 1.1.-) were 

analyzed.30-33 As an example, reduction of nitro group using 

dehydrogenase is shown in Scheme 5.31 

       
Scheme 5. Reaction scheme for an analysis of reductive 

cyclization of p-chloro o-nitroacetanilide by baker's yeast. 

 

The analysis was conducted as one step, in which the baker's 

yeast dehydrogenase and the substrate form an ES complex to 

react with NADPH in the dehydrogenase, as shown in Table 5. 

As in the analysis of scheme1, nI was set to be 2 and the 

molecular weight was not adjusted by the number of rotatable 

bonds. As the result, the predicted and literature yields were in 

very good agreement. Other examples of the reaction using  

 

Table 5. An example of analysis of reduction using 

dehydrogenase. 

 
amolecular weight of the substrate B. bX=MB. ctotal of the literature yields 
of two products.  dpredicted yield of each step. epredicted yield of the final 

product. 
 

dehydrogenase were analyzed in the same manner and the 

results are summarized in Table 6 after removal of outliers by 

Smirnov-Grubbs test as a significance level of 0.05. Literature 

versus predicted yield plot is included in Figure 1 and 

expressed as sky blue square (⯀). 

As shown above, the literature yields and predicted 

yields showed good agreement in all cases when the value of 

nI was set to 2. When nI is set to 1, the coefficient of 

determination decreases and the regression coefficient 

decreases significantly, indicating that this value is 

inappropriate, and that the enzymatic reaction can be 

explained by the value set for the intramolecular reaction. 

When nI was set to 2 and MB was adjusted by NORB, the 

regression coefficient approached 1, but there was no 

improvement in the coefficient of determination. To set the 

regression coefficient to 1, it is possible to set the nI value to 

2.7, and the coefficient of determination to the maximum 

value of 0.95, which seems to indicate that the reaction 

probability is even higher than in the case of intramolecular 

reactions (nI=2).34 These indicate that the structural change of 

the substrate is limited, i.e., entropy is reduced, which can be 

understood as a characteristic of enzymatic reactions. In 

summary, equation (1) is not only applicable to general 

organic chemical reactions including enzymatic reactions, but 

also can be applied to enzymatic reactions with the simplified 

equation (2) when the molecular weight of the substrate is 

small. It is worth noting that these equations can be applied 

to the reaction of ES complex formation. In other words, 

the nI value in the equations can be said to represent 

specificity and affinity, so it is likely to be applicable to 

other biochemical reactions such as antigen-antibody 

reaction and signal transduction, although the nI value 

needs to be set to a larger value. 

 
Table 6. Analysis of enzymatic reaction. 

 
aX: MB or M'B. bMB: unadjusted with NORB. cM'B: adjusted with NORB. 
dcoefficient to distinguish where intermolecular reaction (nI=1) or 
intramolecular reaction (nI=2).  

 

             
Figure 1. Literature versus predicted yield plot of enzymatic 

reaction. EC 3.1.-: lipase, EC 3.2.-: glycosidase, E 3.4.-: protease, EC 

2.4.-: phosphorylase, EC 1.1.-: dehydrogenase.  
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