	
	STUDIES ON NARINGINASE, A DEBITTERING ENZYME, FROM PENICILLIUM SP.


The flavonoid glycoside, naringin(4', 5, 7-trihydroxyflavanone-7-rhamnoglucoside), chiefly contributes to the bitterness in citrus fruits thereby affecting its keeping quality. Enzymatically naringin is cleaved by naringinase, an enzyme complex with an α-L-rhamnosidase (E.C. 3.2.1.40) and a flavonoid dependent β-D-glucosidase (B.C. 3.2.1.21) activity. The two components act sequentially cleaving the parent naringin to give naringenin, a tasteless compound. A fungal isolate identified as Penicillhim citrinum was selected for the present study. Naringinase from this isolate was not inhibited by the various components of the juice, i.e. sugars and citric acid, a problem faced by enzymes reported so far. The routine assay performed for enzyme activity was a spectrophotometric method using DNSA to estimate reducing sugars. However, the enzyme was also assayed by HPLC to account for the activity in terms of total naringinase as well as the individual enzyme components. Shake flask level experiments for media optimisation resulted in a yield enhancement from a basal level of 20 U/L to 600 U/L. Naringinase was found to be an extracellular enzyme produced in the late log phase. Media optimisation with respect to components of media, their concentration and physiological conditions, like pH and temperature was carried out. Naringinase production was higher in organic media and addition of glucose further enhanced enzyme production. Growth patterns were similar in the pH range from 5.5 to 7. However, maximum enzyme production occurred at pH 6.5. A temperature of 30⁰C was found most suitable for growth and enzyme production. Naringin acted as an inducer for enzyme production and its addition after growth phase proved most beneficial. In the fermenter a similar pattern of enzyme production was obtained. The enzyme was purified to homogeneity by a series of chromatographic steps involving IEC on DEAE-methacrylate, HIC on methylmethacrylate and GPC through Sephacryl S-200. A fold purification of 1397 with a specific activity of 47.5 U/mg was obtained. The enzyme had a molecular weight of 105 kD as deduced by SDS-PAGE. Naringinase had a pH optimum between pH 3.5 and 4 and a temperature optimum between 40 and 45⁰C. Moreover, in the pH range between 4 to 12 the enzyme retained more than 90% activity at 4⁰C and more than 65% activity at 40⁰C for a period of 24 h. The Km and Vmax values for naringinase as determined by DNSA assay were 2.45 mM and 145.5 U/mg protein and that as determined by HPLC were 2.9 mM and 138 U/mg protein respectively. The enzyme was not inhibited by glucose, fructose, sucrose or citric acid and retained greater than 80% activity in the presence of 2% w/v rhamnose. The enzyme was immobilized on Matrex PAE silica 1000L by adsorption and stabilized by 1.5% glutaraldehyde treated for 1 h. The immobilized enzyme had a pH optimum between 3 and 3.5 and temperature optimum between 50 and 55⁰C. In the pH range between 4 and 8.5 the enzyme retained greater than 70% activity at 4⁰C for a period of 24 h. The kinetic constants Km and Vmax as determined by DNSA assay were 1.12 mM and 0.82 U/g of matrix and by HPLC were 1.42 mM and 0.34 U/g of matrix, respectively. The immobilized enzyme was also not inhibited by glucose, fructose, sucrose and furthermore even by rhamnose at low and high concentrations. This property is a report, first of its kind. The debittering studies on naringin and simulated juice were carried out using a fluidized bed reactor. For 30 mL of naringin solution or juice processed, 90% naringin was removed in 2 h at 40⁰C at a flow rate of 2 mL/min. The enzyme retained 100% activity for 7 runs in 7 days. 

