Abstract

that Sclerotlum rolfsii has a complete cellulase system and is able to saccharify cellulose rapidly. Studies were, therefore, undertaken to purify the various cellulase components from S. rolfsii. One of the objectives of the work was to understand the sequential steps Involved in the enzymatic degradation of crystalline cellulose to glucose by this fungus and compare these with the data reported in other organisms. The purification to homogeneity, physico-chemical characterization, and study of the enzyrale properties of four sclerotium ?-glucosidases and two endo-?-glucanases, A and B, have already been studied by other colleagues in our group. The substrate specificity and mode of action of the two endo-?-glueanases have also been studied An endo-?-glucanase C, which has a relative higher molecular mass than the other two endo-?-glucanases, has now been obtained in a state which is homogeneous in disc gel electrophoresis at pH 8-9 and 2.9,in SDS-gel electrophoresis with and without prior treatment of the enzyme with 1% SDS, 1% 2-merca?to ethanol and 0.5% iodoacetamide and in analytical isoelectric focusing in polyacrylamide gel the endo-?-glucanase C is a glycoprotein and is composed of a single polypeptide chain the enzyme has a relative Mr 78,000 and an isoelectric point of 4.51 the enzyme has no cystin or half-cystin residues glucose at 1 or 10% concentration though cellobiose inhibits the enzyme activity by 35 and 85% respectively at these concentration the specificity of the enzyme is restricted to ?-1.4 linkage of the three Endo-?-glucanase A,B, C, isolated from S. rolfsii Endo-?-glucanase C is the least random the kinetice of splitting of ?-1 4 cellooligosaccharides by Endo-?-glucanase C as with Endo-?-glucanase A and B are depondent on the chain length of the subdtrate the trend in the drastic increase in the Kf(V amx/Km) values which tapers off from cellopentaose to higher cellooligo saccharides indicates that the specificity region of the enzyme is five glucose units in length a cellulolytic enzyme which shows high activity towards H3 PO4-swollen cellulose but no viscosity lowering activity towards CME has also been purified form the culture diltrates of S. rolfsii the purified enzyme is homogeneous in disc gel electrophoresis at PH 8.9 and 2.9 in SDS gel electrophoresis with and without prior treatment of the enzyme with 1% SDS 1% 2-mercaptoethanol and 0.55 iodoacetamide and in analytical isoelectric focusing in polyacrylamide gel the enzyme is a glycoprotein containing 7% carbohydrate the enzyme is composed of a single polypeptide chain Mr 41 500 and an isoelectric point of 4.32 it has no cystine of half-cystine residues the enzyme is specific for ?-1,4 linkage the enzyme does not show transferees or transglycosylase activity the principal products form each of the substrate is cellbiose (93-96% ); glucose is also detected (4-7%) the rate of cellodextrin hydrolysis increase with the degree of polymerization the enzyme has been identified as 1,4-?-D-glucan cellobiohydrolase. The substrate specificity, synthesis and mode of action of the four ?-glucoaldase enzymes [which have been purified and characterized by another colleague in the group and reported] have now been studied. The enzymes are specific for substrates having the ?-configuration. The specificity of the enzymes is not restricted to the ?-l,4 linkage as all four ?-glucosidases hydrolyze substrates having ?-D-1,6, ?-0-1,3, and ?-O1,2,- linkages. The enzymes require strictly a D-gluco configuration for activity. The ?-glucosidases have no action on highly ordered cellulose, such as Avicel, but slowly hydrolyze disordered cellulose (H3PO4-swollen cellulose) and CMC, and rapidly cellodeactrins, removing D-glucose residues from the non reducing end. The pure enzymes behave rather as eseo-?-D-glucan glucohvdrolase. The KM values of all four ?-glucosidasesdecrease with Increase in the chain length of callodextrins. Cellopentaose is the preferred substrate for all four enzymes. The enzymes ultimately hydrolyze all the cellodextrins, celloblose to cellohexaose,completely to D-glucose. Glucose is also the only product detected in the hydrolysis of H3PO4-swollen cellulose laraiaaran by BG-III ?-glucosidase enzyrme (the only enzyme studied}. the inhibition by D-glucose is more marked with cellobiose as substrate and decreases with the chain length of cellodextrins. The ability of the three different types of components of the cellulase system isolated from s.rolfsii. [namely, (a) three Endo-?-glucanase which attack at random along the chain and are functionally different; (b)cellobiohydrolase which splits off cellobiose unite from the non reducing end, (and which also shows an endo-type modo of action as seen from the production of insoluble short fibres from cotton a recent observation); a nd (c) four ?-glucanase, which behave rather as exo-?-D-glucon glucohydrolases],acting alone or in combination, to degrade Avicel cotton and H3PO4-swollen cellulose has also been studied. Reconstitution experiments show that the synergistic effect, as seen in the solubilization of Avicel, cotton and H3PO4-swollen cellulose (compared to the sum of solubilization of cellulose when the enzymes are acting separately) is higher when cellobiohydrolase is acting in concert with Endo-?-glucanase as compared to that with a mixture of Endo-?-glucanase and ?-glucanases, and least by a mixture of cellobiohydrolase and ?-glucanases Endo-?-glucanase and ?-glucanase when acting together, also show synargistio effect for solubill-zation of Avical, cotton and H3PO4-swollen cellulose. The addition of purified cellobiose dehydrogenase, (isolated from S. rolfsii) along with its electron acceptor, to Endo-?-glucanase has only marginal effect on Avicel solubilization. The synergiatic effect between Endo-?-glucanase and ?-gluconsidases can not therefore be entirely attributed to the removal of cellobiose (which is inhibitor of Endo-?-glucanase) by ?-glucsidaswa The concept that ?-glucosidases do not participate directly in cellulose hydrolysis and play a role merely to relieve the inhibition of Endo-?-glucanase and cellpbiohydrolaese by cellobiose does not appear to be valid. At least in S. rolfsii. Synergism between Endo-?-glucanase and ?-glucosidases has so for not bean reported from other organisms, and is contrary to the findings that cellobiohydrolase acts synergistically only with Endo-?-glucanase. The greater solubilization of Avical when acting alone by cellobiohydrolase and of H3PO4,-swollen celluloae (which is an amorphous cellulose) by Endo-?- glucanase and the beneficial effect of pre-treatment of Avicel with Cellobiohydrolase and of H3PO4-swollen cellulose with Endo-?-glucanase prior to the addition of alternative type of enzyme on solubilization suggest that Endo-?-glucanase initiates the attack on amorphous cellulose (and creates more ends for the cellobiohydrolase to act), and cellobiohydrolase initiates the attack on crystalline cellulose thereby making the substrate more accessible for hydrolysis. The recent observation that cellobiohydrolase S. rolfsii also displays an initial endo-type of action further lends support to this concept. The postulated initiation role of cellobiohydrolase on crystalline cellulose by us is in contradiction the current thinking which attributes this role to an endo-?-gluecaneses though Chanzy et al. have recently suggested that the initial attack on the crystalline cellulose to be More likely due to csllooiohydrolase I. Since quantitative recoveries of the solubilization of Avicel or cotton cellulose manifested by the unfractionated culture filtrate from S. ralfsii have been obtained by reconbining cellobiohydrolase, endo-?-glucanases and ? -glucosidases in their original proportion it seems unlikely that any other type of is required for the hydrolysis of crystalline cellulose, at least in S. rolfsii The data also suggest that formation of the complex of the three/ types of enzymes is required for the efficient utilization of crystalline cellulose. The complex probably gets adsorbed on the surface of the crystallite through cellobiohydrolase because of its high affinity for crystalline cellulose and there is a sequential action. The cellooligosaccharides and cellodextrins formed by the random action of S. rolfsil endo-?-glucanases are further hydrolyzed by cellobiohydrolase, endo-?- glucanases and ?-glucosidese. Cellobiose is not broken down either by and ?-glucanases or cellobiohy. drolase (cellotrioaeis a poor substrate for the three endo-?-glucanasas and cellobiohydrolase). The-?-glucosidasas breakdown cellodextrins Including cellobiose. cellotriose and higher cellooligosaccharides by removing D-glucose from the non reducing end. The higher reaction velocities of the four S. rolfsii, ?-glucosidase enzymes with higher-molecular-weight cellodextrins as compared to cellobiose, the decrease in their Km values, and the decrease is the inhibitory effect of D-glucose on the rate of hydrolysis with the increase in the chain length of cellodextrins indicate that higher-molecular-weight cellodextrins (produced by endo-?-glucanases), and not cellobiose, is the major route of glucose formation from cellulose through ?-glucoaidase components of cellulase complex. In our view, in S. rolfsii cellobiose dahydrogenase is of negligible or no importance for cellulose degradation particularly when the culture has been grown on cellulose as the sole carbon source. In its natural habitat, i.e. when the culture is growing on lignocellulosics, part of the cellobiose (and highar cellodaxtrins) obtained from cellulose hydrolysis, may be metabolized through cellobiose dehydrogenase. The fractionation of the enzymes of cellulase complex from Sclerotium rolfsii 

