
 

 

 

 

[Supporting Data] 

 

Impact of expanded small alkyl binding pocket by triple point mutations on substrate specificity 

of Thermoanaerobacter ethanolicus secondary alcohol dehydrogenase (TeSADH). 

 

Experimental section 

 

Determination of yield by GC analysis. Capillary gas chromatographic analysis of reaction 

mixtures were carried out using Younglin Instruments (Acme 6000E GC) equipped with FID 

detector. The chiral column used was a 30 m Supelco β-DexTM 120 fused silica capillary column 

with 0.25 mm inner diameter and 0.25 µm film thickness. The column parameters were set as 

follows: oven temperature at 150 ºC, injection temperature at 200 ºC, flow rate at 3.0 ml/min, 

final temperature at 180 ºC, and detector temperature at 250 ºC. After injection of 1 µL of 

purified reaction mixture, the peak area (signal) of the substrate and product on the 

chromatographs were recorded together with their respective retention times. The product peaks 

showed high percentage purity (% ee ≥ 99%) signifying products configuration to be either R or 

S but not both. From the chromatographs, substrate peak appears first followed by the product 

peak. This shows none of the mutants had 100% convertibility of substrates to products. 

Modeling of TeSADH mutants. Modeling of TeSADH mutants were done using automatic 

Swiss modeling tool [1-3] and analyzed graphically using PyMol [4]. In all, Chain A of template 
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protein [PDB; 1bxz (2.99 Å)] [5] was used to generate the ribbon structure. QMEAN4 and 

QMEAN Z-score are statistical parameters that estimates the quality of the modeled protein 

compared to the wild-type [6]. This computer-aided modeling predicts the quality of the 3-D 

folding of the mutant protein. The A85G/C295A/I86A has the lowest QMEAN z-score value and 

was proven experimentally to have the lowest thermal stability among all the mutants. Note: All 

triple mutants show 99.15 % sequence identity to 1bxz wild-type template. The blue color in the 

wild-type indicates the position of mutated amino acid. In the triple mutants, the blue color as 

shown by the black arrow indicates specific amino acids mutated. 

 

 

 

 

  



Fig. S1. Asymmetric biphasic reduction of substrates using double mutant (C295A/I86A). 

The double mutant converted acetophenone to (R)-1-phenyl-1-ethanol (retention time = 4.719 

min), 3’-chloroactophenone to (R)-1-(3-chlorophenyl)-ethanol (retention time = 8.215 min), 3’-

methylacetophenone to (R)-1-(3-methylphenyl)-ethanol (retention time = 5.805 min), and 

3’methoxyacetopheone to (R)-1-(3-methoxyphenyl) (retention time = 8.942 min). 

 

 

Fig. S2. Asymmetric biphasic reduction of substrates using A85G/C295A/I86A mutant. 

The A85G/C295A/I86A triple mutant converted acetophenone to (R)-1-phenyl-1-ethanol 
(retention time = 4.585 min), 3’-chloroactophenone to (R)-1-(3-chlorophenyl)-ethanol (retention 
time = 8.125 min), 3’-methylacetophenone to (R)-1-(3-methylphenyl)-ethanol (retention time = 
5.725 min), and 3’methoxyacetopheone to (R)-1-(3-methoxyphenyl) (retention time = 8.938 min). 



Fig. S3. Asymmetric biphasic reduction of substrates using V115A/C295A/I86A mutant. 

The V115A/C295A/I86A triple mutant converted acetophenone to (R)-1-phenyl-1-ethanol 
(retention time = 4.693 min), 3’-chloroactophenone to (R)-1-(3-chlorophenyl)-ethanol (retention 
time = 8.225 min), 3’-methylacetophenone to (R)-1-(3-methylphenyl)-ethanol (retention time = 
5.814 min), and 3’methoxyacetopheone to (R)-1-(3-methoxyphenyl) (retention time = 8.943 min). 

 

 

Fig. S4. Asymmetric biphasic reduction of substrates using M151A/C295A/I86A mutant. 

The M151/C295A/I86A triple mutant converted acetophenone to (R)-1-phenyl-1-ethanol 
(retention time = 4.585 min), 3’-chloroactophenone to (R)-1-(3-chlorophenyl)-ethanol (retention 
time = 8.265 min), 3’-methylacetophenone to (R)-1-(3-methylphenyl)-ethanol (retention time = 
5.904 min), and 3’methoxyacetopheone to (R)-1-(3-methoxyphenyl) (retention time = 8.992 min). 



Fig. S5. Asymmetric biphasic reduction of substrates using T153A/C295A/I86A mutant. 

The T153A/C295A/I86A triple mutant converted acetophenone to (R)-1-phenyl-1-ethanol 
(retention time = 4.661 min), 3’-chloroactophenone to (R)-1-(3-chlorophenyl)-ethanol (retention 
time = 8.068 min), 3’-methylacetophenone to (R)-1-(3-methylphenyl)-ethanol (retention time = 
5.876 min), and 3’methoxyacetopheone to (R)-1-(3-methoxyphenyl) (retention time = 9.009 min). 

 

Fig. S6. Asymmetric biphasic reduction of substrates using V178A/C295A/I86A mutant. 

The V178A/C295A/I86A triple mutant converted acetophenone to (R)-1-phenyl-1-ethanol 
(retention time = 4.771 min), 3’-chloroactophenone to (R)-1-(3-chlorophenyl)-ethanol (retention 
time = 8.271 min), 3’-methylacetophenone to (R)-1-(3-methylphenyl)-ethanol (retention time = 
5.910 min), and 3’methoxyacetopheone to (R)-1-(3-methoxyphenyl) (retention time = 9.003 min).



Fig. S7. Model of TeSADH wild-type. The sequence identity to the pdb entry 1bxz is 100 % and 
has QMEAN4 and QMEAN Z-score of 0.800 and 0.620, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. S8. Model of TeSADH double mutant (C295A/I86A). 

The yellow shaded region shows amino acids mutated to generate triple point mutations. This 
mutant served as a template for the triple mutations. The sequence identity to the pdb entry 1bxz 
is 99.4 % and has QMEAN4 and QMEAN Z-score of 0.796 and 0.613, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. S9. Model of A85G/C295A/I86A triple mutant. The arrow points the region and the amino 
acids mutated. The QMEAN4 and QMEAN Z-score of the mutant are 0.794 and 0.571, 
respectively. 

 

 

 

 

 

 

 

 

 

 

 

 



Fig. S10. Model of V115A /C295A/I86A triple mutant. 

The arrow points the region and the amino acids mutated. The QMEAN4 and QMEAN Z-score 
of the mutant are 0.802 and 0.705, respectively.  



Fig. S11. Model of M151A/C295A/I86A triple mutant. 

The arrow points the region and the amino acids mutated. The QMEAN4 and QMEAN Z-score 
of the mutant are 0.799 and 0.648, respectively. 

 

 

 

 

 

 

 

 

 

 



Fig. S12. Model of T153A/C295A/I86A triple mutant. 

The arrow points the region and the amino acids mutated. The QMEAN4 and QMEAN Z-score 
of the mutant are 0.802 and 0.694, respectively. 

 

 

 

  



Fig. S13. Model of V178A/C295A/I86A triple mutant. 

The arrow points the region and the amino acids mutated. The QMEAN4 and QMEAN Z-score 
of the mutant are 0.799 and 0.656, respectively. 
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