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Abstract 

Response Surface Methodology (RSM) was used to model and optimize the enzymatic activity of 
TfCut2, a thermostable cutinase enzyme (Barth et al. 2015). Under varying temperature and pH 
conditions, nano absorbance at 260 nm (A260), the response variable, was recorded to evaluate 
catalytic performance during PET film hydrolysis. Using a second-order polynomial model, the 
effects of the factors temperature and pH were analyzed, and 3D response surfaces were generated 
using RStudio to visualize the effects caused by the factors. The RSM model predicted an optimal 
pH of approximately 7.5 and an optimal temperature of 51°C, showing that TfCut2 exhibits maximal 
catalytic efficiency under moderately basic and moderate heat conditions. This study focuses on the 
mathematical theory behind RSM, applied to optimizing biocatalytic parameters while minimizing 
experimental trials. 

Introduction 

Enzymatic hydrolysis offers a sustainable approach for degrading PET (polyethylene terephthalate), 
a major contributor to plastic pollution. TfCut2 from Thermobifida fusca can depolymerize PET 
into environmentally monomers TPA and EG (Barth et al. 2015). However, the catalytic efficiency 
of the enzyme depends on several factors, specifically temperature and pH. 

RSM (Response Surface Methodology) gives a mathematical and statistical framework for modeling. 
It also optimizes responses influenced by multiple quantitative factors (Khuri and Mukhopadhyay 
2010). By fitting low-order polynomial models to experimental data, RSM identifies the most 
efficient combination of conditions. This study applies RSM to quantify the effect of temperature 
and pH on TfCut2 activity during PET hydrolysis, using absorbance at 260 nm (A260) as the 
response variable. 

 

Fig. 1: Experimental workflow for response surface modeling of PET hydrolysis. 
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Mathematical Model  
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Method 

PET film fragments were incubated in buffered mixtures under varied temperatures (35-70°C) and 
pH (7.0-8.5). Enzymatic activity was quantified by measuring the absorbance at 260 nm (A260) of 
soluble hydrolysis products using an ELISA reader (UV-vis). The absorbance values were obtained 
for the TfCut2 wild-type and two mutated variants (Variant 3 and 4), which were previously found 
to exhibit enhanced performance (Barth et al. 2015). 

The A260 values were analyzed using RStudio, applying the second-order polynomial model 
described in the math model (Dean, Voss, and Draguljić 2017). The algorithm generated 3D 
response surface plots and determination of the optimal pH-temperature combination for 
maximum enzyme activity. 

Data and Results 

 

 

 

Fig. 2: Response surface plots showing the combined effect of temperature and pH on A260 
absorbance for wild-type (TfCut2) and its engineered variants. 
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Across all the data, the average optimal pH was approximately 7.5, and the average 
optimal temperature was 51°C. The resulting 3D surfaces revealed a distinct peak 
near these conditions. These results confirm that moderate temperature and slightly 
basic pH favor the degradation of PET by TfCut2, mirroring the previously reported 
enzymatic behavior for the engineered enzymes (Barth et al. 2015). 
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