Abstract

Chitin, a high molecular weight (1 x 106 daltons) homopolymer of ?-(l->4)-N-acetyl-D-glucosamine is one of the most abundant substances of biological origin on earth, distributed particularly in marine invertebrates, insects and fungi. Number of projects are in progress towards the commercial exploitation of various chitino?s wastes. Conventional methods of shellfish solid waste handling included ocean dumping, incineration and land filling. However, increase in the cost of transportation and stringent measures of environmental protection agencies have prompted a search for the alternative methods of waste disposal. The complete enzymatic hydrolysis of chitin to N-acetyl-D-glucosamine is performed by a chitinolytic system, comprising of endo-chitinase, exo-chitinase and chitobiase, the action of which is known to be synergistic and consecutive. The endo-chitinase (poly-?-1->4-(2-acetamido-2-deoxy)-D-glucoside glycanohydrolase, EC 3.2.1.14) usually hydrolyses the chitin randomly while exo-chitinase (prehydrolytic factor) removes N-acetyl-D-glucosamine or chitobiose from the non reducing end of the polymer. The third enzyme, chitobiase ( ?-D-N-acetylglucosaminidase, EC 3.2.1.30) acts preferentially on chitobiose. The spectrum of occurrence of chitinases in nature ranges from microorganisms to plants and animals. We have identified Myrothecium verrucaria NCIM 903, a fungus, as a potential source of chitin hydrolysing enzymes. The thesis describes investigations on the optimization of chitinase(s) production and purification and characterization of endo-chitinase. The study also includes the potential application of chitinase complex in fungal mycelia degradation and SCP production. The work is presented in five Chapters and a brief outline of the studies carried out is as follows: 
CHAPTER I: INTRODUCTION 
This part of the thesis describes a review of literature on the chemistry of chitin and biochemistry of microbial enzymatic hydrolysis of chitin. 
CHAPTER II: MATERIALS AND METHODS 
In this Chapter the experimental and analytical methods used for the study have been described. 
CHAPTER III:SECTION A: OPTIMIZATION OF CHITINASE PRODUCTION BY MYROTHECIUM VERRUCARIA M. verrucaria produced high levels of chitinases in a medium containing chitin as a sole carbon source. Adding 0.03% urea increased the enzyme yield 4-fold in 7 days as compared to the control. Adding oxgall (0.1%) to the growth medium gave the maximum activity (acid swollen chit in degrading activity, 2.0 lU/ml) in 7 days. The biochemical characterisation of the crude chitinase preparation revealed its broader temperature (25 - 55?C) and pH (4.0 - 6.5) profiles of activity. 
SECTION B: ENZYMATIC DEGRADATION OF FUNGAL MYCELIA This Section of the Chapter describes the results of the work carried out to study the application of M. verrucaria chitinase complex for fungal mycelia degradation. 
CHAPTER IV: SECTION A: ENZYMATIC HYDROLYSIS OF CHITIN BY MYROTHECIUM VERRUCARIA CHITINASE COMPLEX AND ITS UTILIZATION FOR SCP PRODUCTION The enzymatic hydrolysis of native chitin as well as pretreated chitin by the culture f i l t r a t e of M. verrucaria was studied. Factors which influence the enzymatic hydrolysis such as pH, temperature, enzyme and substrate concentration and enzyme adsorption characteristics were studied. Chitin hydrolysate was further used as a substrate for SCP production using Saccharomyces cerevisiae NCIM 3052. With M. verrucaria chitinase complex 12.7% and 39.6% hydrolysis was observed at pH 5.0 and 40?C for native and acid swollen chitin, respectively. The n value which is the measure of adsorption characteristics of enzyme was found to be 0.40 and 0.63 for native and acid swollen chitin, respectively, indicating the swelling of the ordered structure results in the efficient hydrolysis. The further utilization of NAG as a substrate for SCP production was investigated. Biomass of 9.5 g/1 with the growth yield of 0.27 g/g substrate utilized was obtained. The total protein content was found to be 61%. The low nucleic acid content (3.1%) of the preparation is also one of the preferred criteria for SCP. 
SECTION B: SOLID STATE CP/MAS CARBON 13 NMR SPECTROSCOPY: A SENSITIVE METHOD TO MONITOR ENZYMATIC HYDROLYSIS OF CHITIN In this Section of the Chapter solid state 13C NMR as a useful tool to monitor hydrolysis of chit in by M. verrucaria chitinase complex has been described. The method was found to be sensitive to analyse the sequential action of chitinases. 
CHAPTER V: PURIFICATION AND CHARACTERIZATION OF CHITINASE FROM MYROTHECIUM VERRUCARIA 
The chitinase was purified to homogeneity from the culture filtrate of a 7 day old culture of M. verrucaria grown on 0.5% (w/v) chitin at 30?C. The methods included concentration of culture filtrate by ultra-filtration (Amicon PM-10 membrane) and preparative polyacrylamide gel electrophoresis carried out at pH 8.9. The purified protein showed a single band in polyacrylamide disc gel electrophoreses carried out at pH 2.9, 4.3 and 8.9. The protein appeared to be composed of a single polypeptide chain of a molecular weight as estimated from the SDS-PAGE to be 33,000. The molecular weight determined by gel filtration on Bio-Gel P-60 was found to be 29,000 and by Sephadex G-100 to be 28,900. The optimum temperature and pH of the endochitinase were 50?C and 5.0, respectively. The activation energy as calculated from Arrhenius-plot was found to be 32.57 kJ/mol. The enzyme was stable for 15 min upto 50?C, with a rapid loss of activity at and above 60?C. The isoelectric point as determined from the analytical isoelectric focusing (using ampholines of pH 3.5-10) was found to be 8.2. No significant inhibition of the enzyme activity on ethylene glycol chitin was observed with Mg+2 , Co*, Mn+2 , Ca+2 and EDTA at a concentration of 5 mM in acetate buffer (pH 5.0). However, inhibition to the extent of 30 - 60% was observed with Cu+2, Zn+2, Hg+2, Fe+2 and Pb+2. The Km (apparent) of the purified enzyme for ethylene glycol chitin and carboxymethyl chitin as calculated from the Lineweaver-Burk plot was found to be 1.3 mg/ml and 2.9 mg/ml, respectively. To find out the mode of hydrolysis, the drop in the viscosity of carboxymethyl chitin (0.2%) solution at 50?C was monitored as a function of time. The relationship between the fall in viscosity and reducing sugar formation during hydrolysis of carboxymethyl chitin by the enzyme revealed its endo-type action. 

