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Supplementary Materials 

Table S1. Reaction mixture content in the transesterification assays shown in Figure 2. 

 U/g oil Mass of CLEA (mg) Total activity (U) Oil (g) Ethanol (g ) 

Mixture of CLEAs: 

TLL-SDS-CLEA 

PPL-SOY-CLEA 

6000 
25.02 

88.36 
6000 1.0 0.2812 

PPL-SOY-CLEA 
6000 176.72 

88.36 

6000 1.0 0.2812 

3000 3000 1.0 0.2812 

TLL-SOY-CLEA 
6000 50.05 

25.02 

6000 1.0 0.2812 

3000 3000 1.0 0.2812 

Hydrolytic activities in U/mg dry CLEA: 119.89 (TLL-SDS-CLEA) and 33.95 (PPL-SOY-CLEA). All 

assays were carried using an oil/ethanol molar ratio of 1:5. 

Table S2. Reaction mixture content in the transesterification assays shown in Figure 3a. 

 Mass of CLEA (mg)  Mass in g 

Oil/ethanol 

molar ratio 
PPL-SOY-CLEA TLL-SDS-CLEA Total activity (U) Oil Ethanol 

1:3 37.42 15.94 2,500 5.0 0.7915 

1:5 37.42 15.94 2,500 5.0 1.3192 

1:7 37.42 15.94 2,500 5.0 1.8469 

1:10 37.42 15.94 2,500 5.0 2.6385 

Hydrolytic activities in U/mg dry CLEA: 78.4 (TLL-SDS-CLEA) and 33.4 (PPL-SOY-CLEA). All assays 

were carried out using 500 U/g oil. 

Table S3. Reaction mixture content in the transesterification assays shown in Figure 3b. 

 Mass of CLEA (mg)  Mass in g 

Oil/ethanol 

molar ratio 
PPL-SOY-CLEA TLL-SDS-CLEA Total activity (U) Oil Ethanol 

1:3 89.82 38.27 6000 1.0 0.1583 

1:5 89.82 38.27 6000 1.0 0.2638 

Hydrolytic activities in U/mg dry CLEA: 78.4 (TLL-SDS-CLEA) and 33.4 (PPL-SOY-CLEA). All assays 

were carried out using 6000 U/g oil. 

Table S4. Reaction mixture content in the transesterification assays shown in Figures 4 (time profile 

in the VFR) and 5 (reuse assays in the VFR). 

Mass of PPL-SOY-

CLEA (mg) 

Massa of TLL-SDS-

CLEA(mg) 

Total activity 

(U) 

Mass of soybean 

oil (g) 

Mass of 

ethanol (g ) 

779.22 382.65 60,000 10.0 1.5831 

Hydrolytic activities in U/mg dry CLEA: 78.4 (TLL-SDS-CLEA) and 38.5 (PPL-SOY-CLEA). All assays 

were carried out using 6000 U/g oil, an oil/ethanol molar ratio of 1:3 and for 6 h reaction. 
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Figure S1. Scheme of preparation of CLEAs of porcine pancreas lipase (PPL) and Thermomyces 

lanuginosus lipase (TLL) for transesterification of soybean oil with ethanol. 

 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Crude PPL solution in 5 mM 

phosphate buffer pH 7.0 (1 mL) 

containing 5 mg PPL and 15 mg 

soy protein (SOY) 

Hydrated ethanol 

150 rpm stirring for 30 min 
at 4 °C 

Suspension of co-

aggregated proteins 

100 moles glutaraldehyde, 
corresponding to 200 

moles of aldehyde groups 

Crosslinking step: 
2.5 h at 4 °C under 150 rpm 

stirring 

Suspension of PPL 

CLEAs 

Centrifugation at 10,400 
rpm for 10 min at 4 °C 

Wet PPL CLEAs 

Addition of hydrated 
ethanol (3 mL, twice) 

Suspension of PPL CLEAs 

Centrifugation at 10,400 
rpm for 10 min at 4 °C 

Addition of terc-butyl 
alcohol to 20% (w/v) 

(1) 10 min at room 
temperature under 
gentle stirring; 

(2) centrifugation at 
10,400 rpm for 10 min 
at 4 °C; 

(3) storage in a 
refrigerator until 
constant mass 

Dehydrated PPL-SOY-CLEA 

TLL solution in 100 mM 

phosphate buffer pH 7.0 (1 mL) 

containing 10 mg TLL and 2.5% 

(w/v) SDS 

Hydrated ethanol 

Addition of 80 mL 25% (v/v) 
glutaraldehyde and 150 rpm 

stirring for 30 min at 4 °C 

Suspension of TLL 

CLEAs 

Centrifugation at 10,400 
rpm for 10 min at 4 °C 

Wet TLL CLEAs 

Addition of hydrated 
ethanol (5 mL, twice) 

Wet TLL CLEAs 

Centrifugation at 10,400 
rpm for 10 min at 4 °C 

Addition of terc-butyl 
alcohol to 20% (w/v) 

(1) 10 min at room 
temperature under 
gentle stirring; 

(2) centrifugation at 
10,400 rpm for 10 min 
at 4 °C; 

(3) storage in a 
refrigerator until 
constant mass 

Dehydrated TLL-SDS-CLEA 

1 mL ethanol Hydrolytic activity 
using tributyrin as 
substrate 

Hydrolytic activity 
using tributyrin as 
substrate 

Hydrolytic activity 
using tributyrin as 
substrate 

Transesterification of soybean oil with ethanol 

Individual CLEA 

Mixture of CLEAs (50% 
of each lipase CLEA (in 
activity basis) 

Individual CLEA 


