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Lipases are versatile enzymes that catalyze several reactions in aqueous and non-aqueous systems, e.g. hydrolysis, esterification, transesterification and interesterification. Their use on large scale processes requires immobilization on solid supports which may be facilitated by separating the biocatalyst from the reaction media and reusing it so as to improve temperature and/or organic solvent stability and catalytic activity, due to avoiding enzyme aggregation (VESCOVI et al., 2016). Several immobilization protocols have been used to prepare heterogeneous biocatalysts (VESCOVI et al., 2016; MACHADO et al., 2019). The most common immobilization method to stabilize lipases is still adsorption (via ionic exchange or hydrophobic interactions) due to its low-cost, easy operation, and requirement of mild conditions – low ionic strength and room temperature (MACHADO et al., 2019). Inorganic materials stand out due to having important characteristics, such as high organic solvents stability, ease of functionalization involving a large variety of compounds, and high surface area/pore size and excellent mechanical properties (ZHANG et al., 2017; MACHADO et al., 2019). Silica-based supports are the most widely used inorganic supports to immobilize lipases (VESCOVI et al., 2016; MACHADO et al., 2019). These supports can be purchased from several companies in the international market, synthesized via the sol-gel technique using different silane precursors or be prepared via thermochemical processes using biomass wastes from food processing industries. However, the use of silica from biomass wastes as supports is hardly ever reported in literature (MACHADO et al., 2019). The present study aimed to prepare and apply SiO2 particles from rice husks as support to immobilize Thermomyces lanuginosus lipase (TLL) via adsorption. The supports were prepared via functionalization with triethoxy(octyl)silane (OCTES) and (3-aminopropyl)triethoxysilane (3-APTES) to obtain Octyl–SiO2 and Amino–SiO2, respectively. 
TLL, OCTES and 3-APTES were purchased from Sigma-Aldrich (St. Louis, MO, USA). Rice husks were acquired from Arroz Rei Ouro Ltda. (Itajubá, MG, Brazil). Rice husk SiO2 was prepared via a hydrothermal process described in a previous study (ZHANG et al., 2017). The functionalization of SiO2 particles using either OCTES or 3-APTES was conducted according to a methodology adapted from Vescovi et al. (2016). The immobilization of TLL via adsorption was based on a method described by Machado et al. (2019), using an initial protein loading of 5 mg/g of support. The immobilization was conducted at 5 mmol/L buffer sodium acetate pH 5.0, and 25 °C by 15 h of incubation. Hydrolytic activity of the prepared heterogeneous biocatalyst was assessed by olive oil emulsion hydrolysis (MACHADO et al., 2019). The immobilized protein concentration was determined according to Bradford’s method (BRADFORD, 1976). 

According to Table 1, it is possible to observe that functionalization with silane agents allowed generating a more favorable microenvironment for protein adsorption, which has improved its fixation on the support surface and accessibility of droplets of oils from the reaction mixture to the biocatalyst surface, as it can be confirmed by hydrolytic activity and specific activity values. Although both functionalized supports have presented similar immobilized protein concentration, Amino–SiO2 was more active in olive oil hydrolysis. The results could be due to different orientations of TLL on both support surfaces, thus that better conformation was obtained using Amino–SiO2. These results confirm that the application of functionalized supports in preparing immobilized biocatalysts with high immobilized protein concentration and catalytic activity is highly promising. 
Table 1 – Immobilization parameters of immobilized TLL on non- and functionalized SiO2 particles.
	Support
	IPa
(mg/g)
	HAb
(U/g)
	SAc
(U/mgIP)

	SiO2
	3.2 ± 0.2
	79.7 ± 5.5
	25.0 ± 2.7

	Octyl–SiO2
	5.0
	192.7 ± 5.5
	38.1 ± 2.4

	Amino–SiO2
	4.7 ± 0.1 
	443.7 ± 9.8
	92.5 ± 3.3


a – Immobilized protein concentration at equilibrium; b – Hydrolytic activity; c – Specific activity (ratio between IP and HA)
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