Chitosan-Genipin Immobilisation System for Alcalase: Targeted Modifications in Sodium Caseinate Hydrolysate 
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Food proteins are essential, high-quality nutrients with functional properties1. Protein hydrolysates, characterised by peptides of lower molecular weight and higher bioactivity, improve nutrient absorption, elevate the nutritional value of proteins2 and enhance functional properties3. Alcalase, a versatile protease, is extensively used. It can cleave a wide range of amino acid sites, and efficiently produces diverse bioactive peptides. Nonetheless, it faces challenges like autolysis, enzyme incorporation into food, potential allergenicity, and high operational costs due to limited reusability2,4. To address these issues, and potentially change the specificity and selectivity of the protease, immobilisation systems for Alcalase, utilising chitosan-genipin beads as a support matrix were investigated. Systems varying active enzyme loads called as high (HEC), medium (MEC), or low (LEC) enzyme coverage were assessed. The hydrolysates produced by both the immobilised and free enzymes (FE) were characterised based on the TCA-solubility index, degree of hydrolysis (OPA), peptides molecular weight profile (SEC), and bioactivate peptide identification (LC-MS). The solubility index varied from 56.3 ± 1.0% (LEC) to 76.7 ± 0.8% (HEC), while FE presented 70.7 ± 0.7%. The degree of hydrolysis ranged from 10.96 ± 0.3% (LEC) to 15.3 ± 0.57% (HEC), and FE exhibited 13.63 ± 0.45%. HEC within the immobilisation systems significantly increased both the TCA-solubility index and DH percentages and showed substantially higher measurements than FE, indicating enhanced catalytic efficiency and stability due to immobilisation. The immobilisation matrix's optimised microenvironment, reduced feedback inhibition, prevented autolysis, and protected the enzyme from denaturation and degradation, ensuring prolonged activity5. In terms of size distribution profile, the peptides produced were represented in three distinct zones. The proportion of smaller peptides (≤ 730 Da) was highest across all treatments, comprising 50.5% (FE) and ranging from 51.6% (HEC) to 40.1% (LEC). Intermediate-sized peptides (between 730 and 1,500 Da) remained around 27.8% across treatments, while larger peptides (≥ 1,500 Da) accounted for 21.1% (FE), 20.5% (HEC), 26.1% (MEC), and 32.3% (LEC). LCMS provided comprehensive data on peptide sequences and revealed that Alcalase immobilisation significantly altered its specificity and cleavage preferences. For instance, HEC showed a specificity for cleaving peptide bonds next to lysine, methionine, leucine, and tryptophan, while LEC had a higher specificity for lysine, leucine, glutamine, phenylalanine and serine. Unique peptides were also generated by specific treatments. In conclusion, Alcalase immobilisation systems improved enzyme stability, leading to a higher proportion of smaller peptides and distinct peptide profiles. It also altered the enzyme-specific cleavage preferences. Lastly, this approach effectively addresses challenges like autolysis and denaturation, while enabling enzyme reuse.
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