
We used Euler’s Method to solve the above differential equations, and our                       
formulas are documented below (Figure 22). As figure 22 shows, by plugging in                         
values for [Ethanol] and [ACH] at t0, a fixed value for Vmax and Km (depending on                               
what ALDH2 variant is used), and the time interval Δt, dE/dt = R1 and dA/dt = Y1 at t                                     
= 0 can be calculated. In other words, we can find the activity of ADH and ALDH2                                 
enzymes at t = 0. As for values of the next time point, t1, we assume that the                                   
concentrations of the substrates are the net gain or loss of concentration added to                           
the previous concentrations. Hence, E1 = E0 - (∆t)R 1 and A1 = A0 - (∆t)Y 1. Because the                                 
instantaneous reaction rates are dependent on the substrates’ concentrations at                   
the particular time point, the ethanol concentration for dE/dt at t1 is equal to E1,                             
while the acetaldehyde concentration for dA/dt at t1 is equal to A1. Using the new                             
values, new substrate concentrations and reaction rates can be calculated at the                       
next time step. The same method is repeated for subsequent calculations. 

 

 
Figure 4-22. This table is a visual representation of the formulas we input into excel to                               
solve the two differential equations. The value of Vmax and Km can be easily altered,                             
depending on the genotype of the ALDH2 enzymes. 
 

 
Figure 4-23. This is a sample calculation using our excel formulas. This sample assumes                           
that ALDH2*1 enzymes are catalyzing the reaction. [Ethanol] and [ACH] have a unit of µM;                             
V max and K m are constants specific to the ALDH2 variants; ∆t has a unit of seconds; dE/dt                                 
and dA/dt have a unit of µM/sec.  
 



 
Figure____. Graphs of [Ethanol] & [ACH] versus time (seconds) with different ∆t. The four 
graphs were plotted with the same numbers except for the ∆t values. Graph A to D had 
∆t values of 2, 5, 20, and 100.  
 
 
 

Referenced in Figure 4-8 on Modeling page: 

Acetaldehyde concentration over time after supplying various concentrations of 
ALDH2*1 enzymes for Beer and Wine: 

The same concentration (the same as in spirits) of 0.103 µM ALDH2*1 also adjusts 
acetaldehyde levels in homozygous mutants to match those found in wild type people. 

 



 
 

 

 

COMPARING OUR ALDH2*1 ENZYMATIC ACTIVITY TO 

LITERATURE VALUES 
 

Literature Values: 
We obtained the Specific Activity of purified ALDH2*1 enzymes from 
Rashkovestky, 1994. This represents Vmax, the maximum rate of acetaldehyde 
elimination or acetate production, for a given amount of ALDH2*1 enzymes. We 
convert the literature values to relate a molar concentration of ALDH2*1 with its 
rate of acetate production. 

 
The following known values were from experiments run at 25°C by (Rashkovestky,                       
1994). The “ALDH2 enzymes” referred to in this section are wild type ALDH2*1                         
enzymes.  

 
Calculation 1. Calculating initial ALDH2*1 concentration [E0]. Using the molecular mass                     
of an ALDH2*1 tetramer, we calculated the [E0], or initial [ALDH2*1] used, to be 0.8 µM. 

 



 
 
Calculation 2. Calculating maximum rate of acetaldehyde elimination (Vmax) of ALDH2*1                     
enzymes. Equation 1 converts the given Specific Activity of ALDH2*1 to concentration                       
over time through dimensional analysis, and the Vmax was calculated to be 1.0 mM/min.                           
Equation 2 converts Vmax from 1.0 mM/min to 17 µM/sec. 

 
Equation 1 

 
Equation 2 

 
 

Based on these literature values, we concluded that, given excess acetaldehyde, 
the maximum reaction rate of 0.80µM of ALDH2 enzymes at 25°C is about 
1.0mM/min , or 17µM/sec. 
 
 

Our Experimental ALDH2*1 Values: 

 



 
Figure 4-2. Experimentally Determined Purified Enzyme Activity of ALDH2*1 at 25°C. The                       
OD340 values of NADH are recorded and the change in OD340 values over time is plotted in                                 
order to measure the enzymatic activity of purified ALDH2*1. The experiment was run in water at                               
25°C. A negative control containing only elution buffer (from the protein purification process) was                           
included (gray). The error bars on the graph represent standard error. For more details regarding                             
the experiment, click here. (Experiment: Justin W;  Figure: Justin L & Justin W) 
 

Next, we used the Beer-Lambert Law to convert changes in NADH absorbance 
values to changes in concentration of NADH (Figure 11).  
 

 
Figure 4-3. Conversion of absorbance values to changes in NADH concentration. (Left) The                         
variable A denotes a NADH absorbance at 340nm; the variable ε is a constant that denotes the                                 
NADH molar extinction factor at the same wavelength of light; the variable b is a constant that                                 
denotes the pathlength of the light; and C denotes the NADH concentration. (Right) The                           
Beer-Lambert Law in the form of a differential equation, with changes in A relating to changes in                                 
C over time. We used this equation to determine the corresponding change in NADH                           
concentration using a change in ∆ANADH from our functional test. (Figure: Justin L)  
 

From the graph in Figure 4-4, we calculated the change in OD340 of NADH over a                               
time period of 40 minutes. We first corrected the change in ∆Aexp at t = 40 min by                                   
subtracting it with the value of the control at t = 40 min. We then used the                                 
difference as the overall change in OD340 and calculated dANADH/dt to be                       



0.0122/40min. By dividing dA/dt with the extinction coefficient ε NADH                 
(6220/M -1Cm -1, as indicated on the Megazyme kit manual) and the pathlength b (1                         
cm, which is the length of the cuvette), we calculated the rate of change in [NADH]                               
over time, or dCNADH/dt, to be 0.817nM/sec. Because acetaldehyde, acetate, and                     
NADH all react in a one-to-one ratio in the oxidation of acetaldehyde (Figure 4-1),                           
we assumed that a change in NADH concentration was equivalent to changes in                         
acetaldehyde and acetate concentrations. In other words, we assumed that                   
dC NADH/dt = dP/dt (or dC acetate/dt) in the reaction (FIgure 4-1). For specific                       
calculation processes, please see the Modeling Lab notebook.  
 

 
Figure 4-4. Decrease in acetaldehyde concentration as a result of purified ALDH2*1 at 25°C.                           
The acetaldehyde concentrations were calculated from the raw absorbance values and the                       
Beer-Lambert Law. The calculated acetaldehyde metabolism rate is 0.0490 uM/min or 0.817                       
nM/sec. (Figure: Justin W) 
 

We also measured the ALDH2 concentration with a nanodrop spectrophotometer                   
and found it to be 0.1 mg/ml. In our test, we used 500µL of protein solution. We                                 
then converted the value’s unit to be in terms of M (with the molecular weight of                               
an ALDH2*1 enzyme given us 225000g). Hence, we concluded that 0.222 nM of                         
ALDH2*1 enzymes yielded 0.817nM/sec enzymatic activity.  
 

 
 
PROTEIN EXPRESSION OF ALDH2*1-EcN 
 



In Figure 4-9, we calculated that 4.79*10 8 EcN cells/ml produced about                     
0.0536nM of ALDH2 over 16 hours at 37°C . With these values, we could                         
determine the protein expression rate of our engineered ALDH2-carrying Ec N.  
 
To calculate how much ALDH2*1-EcN should be cultured to convert a target                       
acetaldehyde level, we also determined the growth rate of our ALDH2*1-EcN. We                       
grew ALDH2*1-Ec N bacteria and recorded OD600 values to keep track of the                       
culture’s turbidity (for specific experiment procedures, please see Modeling Lab                   
Notebook). A total of two trials under the same conditions (37 °C) were performed,                         
and the data recorded were averaged. The averaged plotted data are presented                       
below in Figure 4-10. The averaged data are plotted and fit with a logistic equation                             
specifically for ecological population growth called the Verhulst Equation (Figure                   
4-11). The graph is represented by Figure 4-12.  

 
Figure 4-10. Growth curve of EcN bacteria based on OD600 values at 37°C. We plotted each                               
experimental absorbance value of our bacteria over time. (Figure: Justin L)       
   

We then converted the absorbance values to concentrations of bacteria, based on                       
the conversion ratio that 8*10 8 EcN cells/ml is equivalent to 1.000 OD600 value.  

   

 
Figure 4-11. The Verhulst Equation was used to model EcN bacteria population over time. P(t)                             
represents the bacterial concentration at any given time. K represents the maximum bacteria                         



concentration, while P0 represents the initial bacteria population. The r constant is the bacteria                           
growth rate determined by our Python software.  (Figure: Iris H) 
 

Based on the experimental values, we used the Verhulst Equation (Figure 4-11) to                         
model our bacteria growth over time, with the initial and final experimental EcN                         
populations (calculated from OD600 values) used as the model’s P0 and K                       
constants, respectively. The optimal value for the constant r was automatically                     
calculated by our Python software and represents the bacteria growth rate. The                       
best fit equation of bacteria population over time is plotted below in blue (Figure                           
4-12). According to our program, the r value is about 0.5890 for our experimental                           
data.  

 
Figure 4-12. Theoretical best-fit curve based off our experimental absorbance values and                       
conversions to bacteria concentration over time. The red dots represent the experimental                       
bacteria population, while the blue represents the theoretical best-fit bacteria growth curve.                       
(Figure Justin L) 
 

Because we used a constitutive promoter (BBa_J23100) in our engineered                   
ALDH2*1-Ec N bacteria, the proteins should be expressed at a constant rate.                     
Hence, we created a constant ß value to model the expression rate of our                           
bacteria (figure 18). 

 



 
Figure 4-13. Equations that model ALDH2*1 level expressed by our engineered EcN bacteria.                         
The symbol E represents the ALDH2*1 concentration. The equation on the left represents the                           
protein expression rate by the constitutive promoter (BBa_J23100); the equation on the right                         
represents the ALDH2*1 concentration at any given time (t = b, in hours) since the initial time of                                   
bacteria culture (t = a, usually equal to 0h). 

 
Knowing that 4.79*108 EcN cell/ml produced 0.0536 nM ALDH2 in 16 hours, we                         
were able to calculate the numerical value of ß , which represents constant rate of                           
production of ALDH2*1 by one bacterium cell in an hour (1.38*10-20 mol                       
ALDH2/cell/hour). With this value, we constructed three calculators for                 
manufacturers to simplify the production of ALDH2 enzymes from our engineered                     
EcN bacteria and make it more efficient to create a final product. 
 

 
 
DIFFERENT GENOTYPES 

 
We obtained the K m constant values for the homozygous wild type and mutant                         
type from literature. With the available values, we plotted the Michaelis-Menten                     
graphs for all three genotypes of ALDH2 enzyme variants at 37°C, where the initial                           
enzyme concentration [E 0] was 0.80µM. We did this to get a better sense of                           
ALDH2 enzymes’ reaction rate at various concentrations of acetaldehyde, the                   
substrate. We also assumed that enzymatic degradation did not occur in our                       
Michaelis-Menten graphs, so the enzyme concentrations would remain constant                 
throughout the course of the reactions.  

 
Figure 4-15. Equations of the three alleles types. Acetaldehyde [ACH] has a unit of µM. We                               
assumed the worst case scenario when building our equations. The heterozygous *1/*2 type’s has                           
about a 20 to 40% of wild *1/*1 type’s efficiency. We thus graphed our *1/*2 type curve as 20%                                     
efficiency of the *1/*1 type. Same logic applies to the homozygous *2/*2 type’s equation, where                             



the *2/*2 type was assumed to have about 1% efficiency of the *1/*1 type. We also assumed the                                   
heterozygous *1/*2 type to have the same Km value as the *2/*2 type due to the lack of literature                                     
data. (Figure: Justin L)  

 
 

Comparison of Michaelis-Menten Curves  
 

 

 
Figure 4-17. Graph of Michaelis-Menten Graphs of 0.80µM ALDH2 Enzymes at 37 °C. The                           
curves reflect the reaction rate V0 of the three ALDH2 variants in various concentrations of                             
acetaldehyde. (Figure: Justin L) 

 
By looking at the graphs in figure 16 and figure 17, we were able to better visualize                                 
the differences in reaction rates of ALDH2 enzymes at different temperatures, and                       
we determined two things. First, we concluded that 37°C is a more optimal                         
temperature for ALDH2 enzymes to function in. Second, we decided that the                       
fastest, most ideal solution to treating ALDH2 deficient patients would be to                       
directly deliver ALDH2*1 enzymes to compensate for the differences in reaction                     
rates between wild type and mutant types.  
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