Abstract


Single strand specific nucleases are wide spread in origin and have been isolated from various sources like bacteria, fungi, yeast, plants and animals. These enzymes exhibit high selectivity for single stranded nucleic acids and single stranded regions in double stranded nucleic acids. Due to this property, single strand specific nucleases have found extensive application as an analytical tool in nucleic acid hybridization, analysis of nucleic acid structure, isolation of specific genes and gene manipulation. Though single strand specific nucleases with comparable proper-ties have been isolated from Neurospora crassa , Penicillin citrinum, mung bean sprouts and yeast, SI nuclease from Aspergill?s oryzae is preferred since it can be easily prepared from commercially available ' ?-amylase powder (Takadiastase ),it is stable to low concentrations of denaturants often used in annealing and its specificity for single stranded nucleic acids is extremely high under right conditions. SI nuclease from Aspergill?s oryzae is a sugar nonspecific and multifunctional enzyme which acts on single stranded DNA,RNA and monon?cleotides. Though competitive nhibition studies have shown that different activities associated with SL nuclease are catalysed by the same active site. no conclusive proof exists till now. Secondly, it has been observed that after Si nuclease treatment of nucleic acid samples, removal of the residual enzyme activity from the reaction mixture is essential and requires repeated extractions with phenol which in turn results in the loss of nucleic acid samples. In such cases, use of immobilized enzymes offer a distinct advantage over the soluble enzyme since it can be removed easily rom the reaction mixture by physical methods. Hence the present investigation with SI nuclease was carried out to (a) study the nature o f , the catalytic site by chemical modification and (b) develop immobilization procedures to obtain highly active and stable immobilized preparations suitable for routine analytical purposes. Chapter 1 : General Introduction This part comprises of literature survey pertaining to single strand specific nucleases, their applications and immobilization of different nucleases. Chapter 2 : Purification and Active Site Characterization of SI Nuclease Since the existing procedures for the purification of SI nuclease are tedious, attempts were made to develop a simple and rapid procedure to obtain a homogeneous enzyme preparation suitable for chemical modification studies. In this method, Takadiastase powder, after extraction and heat treatment, was subjected to ammonium sulfate precipitation. The fraction containing SI nuclease was chromatographed on DEAE-cellulose at pH 5.0, a procedure in which RNase Tl , RNase T2 and SI nuclease get separated. High specific activity fractions obtained from this step were pooled and rechromatographed on DEAE cellulose under the above conditions to obtain the purified enzyme. The enzyme preparation showed a single band both in the native and SDS-PAGE indicating its homogeneity. When the pure enzyme was treated with different amino acid modifying reagents, only diethylpyrocarbonate (DEPC), N-bromosuccinimide (NBS), p-hydroxymercuribenzoate (pHMB) and trinitrobenzenesulfonic acid (TNBS) inhibited all the three activities, namely, ssDNase, RNase and phosphomonoesterase, associated with SI nuclease, indicating the involvement of a single catalytic site. However, substrate protection was observed only against TNBS inactivation, further indicating that the hydrolytic site and the phosphate binding sites are different. Results on chemical modification studies showed that while histidine, tryptophan and cysteine may be involved in the hydrolytic site, lysine is involved in the phosphate binding site. Chapter 3 : Immobilization of SI Nuclease (A) Binding Through Protein Moiety: Crude SI nuclease was coupled to gelatin-alginate composite matrix using residual free aldehyde groups on the surface of glutaraldehyde crosslinked matrix. The immobilized enzyme retained approximately 10% activity of the soluble enzyme. When the partially purified enzyme was bound to the matrix, the bound enzyme lost all its activity. However, the activity could be restored when the coupling was carried out in presence of a coprotein or substrate. Immobilization brought about a shift in the optimum pH of SI nuclease towards acid side (3.8) from 4.3 for the soluble enzyme. Also, the optimum temperature increased from 55?C to 65?C after immobilization. Bound SI nuclease exhibited superior pH and temperature stabilities. Immobilization brought about a two-fold decrease in the Michaelis-Menten constant (Km ). The bound enzyme showed poor stability to repeated use. (B) Binding Through Carbohydrate Moiety: SI nuclease is a high mannose containing glycoprotein and contains approximately 18% carbohydrate. It has been shown that carbohydrate moiety is not essential for the catalytic activity of the enzyme. Hence, attempts were made to immobilize SI nuclease through its carbohydrate moiety. When partially purified SI nuclease was bound through its carbohydrate moiety to Concanavalin A-Sepharose containing increasing amounts of lectin, the retention of activity was high/ varying essentially from 75% on "low lectin" matrix (1 mg of Con A/ml of Sepharose) to no detectable activity on "high lectin" matrix (8 mg Con A/ml of Sepharose). However, approximately 50% activity could be restored on "high leetin" matrix when the binding was carried out in presence of glucose suggesting that the loss of activity on "high lectin" matrix is due to the conformational changes brought about by the multiple attachment of the enzyme to the matrix. Interaction of Con A with SI nuclease .was used to predict the nature of the carbohydrate moiety and its location with respect to the active site of the enzyme. Immobilization resulted in an increase in the optimum temperature, pH and temperature stabilities, but it did not affect the pH optimum. A marginal increase in the apparent Km was observed. The bound enzyme also exhibited enhanced stability towards 8 M urea. On repeated use, Con A-Sepharose-Sl nuclease conjugate retained more than 80% of its initial activity after 6 cycles. 


