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Figure S1. Schematic representation of the chemical method for the oxidation of the cellulosic 

component of the rice husk employed in the study.  

 

 

 

 

 
 

 

Figure S2: Reaction of cellulose oxidized with hydroxylamine chlorohydrate. The method consists 

in suspending a certain amount of sample in a concentrated solution of hydroxylamine chlorohydrate 

for two hours. Available carbonyl groups reacts with a hydroxylamine hydrochloride molecule 

forming the respective oxime and releasing a hydrochloric acid molecule which is then titrated with 

sodium hydroxide.  

 
 

 

 



 

 

 

Figure S3: Example of conductimetric titration curve obtained for the titration of oxidized cellulose. 

 

 

 

 

 
Figure S4: Evaluation of the leaching of the lipase CaLB from the three immobilized preparations 

upon incubation in the aqueous emulsion used for the lipase hydrolytic assay.   Blue: CaLB on EC-

EP/S; Red: CaLB on rice-husk with immobilization time= 24h; Light blue: CaLB on EC-EP/S; Red: 

CaLB on rice-husk with immobilization time= 48h. 
 

 

 



 

Figure S5: Retained activity of CaLB covalently immobilized on RH upon 10 cycles of hydrolytic 

reactions. 

  

CaLB covalently immobilized on functionalized rice ask applied to the polycondensation of 

dimethylitaconate and 1,4-butandiol 

 

The following figures report the NMR characterization of the polyesters obtained from the 

polycondensation of dimethylitaconate (DMI) and 1,4-butandiol (BDO) catalyzed by CaLB 

immobilized on RH (Figures S6,S7,S8).  Percentage conversion was related to the increase in the 

intensity of the signal (time 24, 48 and 72h) of the methylene He protons adjacent to the ester function 

with the sum of the intensity of the He and Hc signals. 

 



 

Figure S6: 
1H-NMR spectrum (CDCl3, 270 MHz) of the polycondensation reaction between 

dimethyl itaconate (DMI) and 1,4-butanediol (BDO) catalyzed by CaLB immobilized on rice husk 

after  24h.   1H-NMR (270MHz, CDCl3), δ: 1.69 (5.48 H, m, -CH2CH2OH), 3.34 (2.09 H, s, -

CH2CO), 3.68 (1.25 H, m, –CH2CH2OH), 3.76 (1.79 H, s, -C=CH2-CO-OCH3), 4.16 (2.87 H, m, -

CH2OCO-), 5.73 (0.97H, s, -COC=CHH-), 6.33 (1H, s, -COC=CHH-). 

 

Figure S7: 1H-NMR spectrum (CDCl3, 270 MHz) of the polycondensation reaction between dimethyl 

itaconate and CaLB catalyzed 1,4-butanediol immobilized on rice husk after 48 h.   δ: 1.69 (5.14 H, 

m, -CH2CH2OH), 3.34 (2.10 H, s, -CH2CO), 3.68 (0.53 H, m, –CH2CH2OH), 3.76 (0.71 H, s, -

C=CH2-CO-OCH3), 4.16 (3.63 H, m, -CH2OCO-), 5.73 (0.97H, s, -COC=CHH-), 6.33 (1H, s, -

COC=CHH-). 



 
Figure S8: 1H-NMR spectrum (CDCl3, 270 MHz) of the polycondensation reaction between 

dimethyl itaconate and CaLB catalyzed 1,4-butanediol immobilized on rice husk after 72 h. 
δ (ppm): 1,69 (5,27 H, m, -CH2CH2OH), 3,34 (2,16 H, s, -CH2CO), 3,68 (0,31 H, m, –CH2CH2OH), 3,76 (0,24 H, s, -

CH2-CO-OCH3), 4,16 (4,04 H, m, -CH2OCO-), 5,73 (0,98 H, s, -COC=CHH-), 6,33 (1H, s, -COC=CHH-).  

 

 

 

CaLB covalently immobilized on EC-EP resin applied to the polycondensation of 

dimethylitaconate and 1,4-butandiol. 
 

The following figures (Figures S9, S10, S11) report the NMR characterization of the polyesters 

obtained from the polycondensation of dimethylitaconate (DMI) and 1,4-butandiol (BDO) catalyzed 

by CaLB immobilized on EC-EP resins. Percentage of conversion was related to the increase in the 

intensity of the signal (time 24, 48 and 72h) of the methylene He protons adjacent to the ester function 

with the sum of the intensity of the He and Hc signals. 

 

 

 

 

Figure S9: 1H-NMR spectrum (CDCl3, 270 MHz) of the polycondensation reaction between dimethyl 

itaconate and CaLB catalyzed 1,4-butanediol immobilized on EC-EP/S resins after 24 h. 
 1H-NMR (270MHz, CDCl3), δ: 1.69 (6.79 H, m, -CH2CH2OH), 3.34 (2.38 H, s, -CH2CO), 3.68 (1.39 

H, m, –CH2CH2OH), 3.76 (1.98 H, s, -C=CH2-CO-OCH3), 4.14 (3.39 H, m, -CH2OCO-), 5.73 (1.00 

H, s, -COC=CHH-), 6.33 (1.09 H, s, -COC=CHH-). 



 

Figure 10: 1H-NMR spectrum (CDCl3, 270 MHz) of the polycondensation reaction between dimethyl 

itaconate and CaLB catalyzed 1,4-butanediol immobilized on EC-EP/S resins after 48 h. 

 1H-NMR (270MHz, CDCl3), δ: 1.69 (6.03 H, m, -CH2CH2OH), 3.34 (2.31 H, s, -CH2CO), 3.68 (0.59 

H, m, –CH2CH2OH), 3.76 (0.86 H, s, -C=CH2-CO-OCH3), 4.14 (4.04 H, m, -CH2OCO-), 5.73 (1.00 

H, s, -COC=CHH-), 6.33 (1.09 H, s, -COC=CHH-). 

 

 

Figure S11: 1H-NMR spectrum (CDCl3, 270 MHz) of the polycondensation reaction between 

dimethyl itaconate and CaLB catalyzed 1,4-butanediol immobilized on EC-EP/S resins after 72 h. 
1H-NMR (270MHz, CDCl3), δ: 1.69 (5.27 H, m, -CH2CH2OH), 3.34 (2.16 H, s, -CH2CO), 3.68 (0.31 

H, m, –CH2CH2OH), 3.76 (0.24 H, s, -C=CH2-CO-OCH3), 4.16 (4.04 H, m, -CH2OCO-), 5.73 (0.98 

H, s, -COC=CHH-), 6.33 (1H, s, -COC=CHH-). 

 

 

 

 

 



 

Figure S12:  Analysis of the primary structure of asparaginase from Eriwinia chrysantemi using the 

open source softare NetNGly (http://www.cbs.dtu.dk/services/NetNGlyc/) that identifies N-

glycosylation sites  

http://www.cbs.dtu.dk/services/NetNGlyc/

