Abstract

Fungi are known to produce a wide variety of enzymes, antibiotics, and growth regulators. They have the ability to degrade complex biopolymers such as polysaccharides, hydrocarbons and proteins. Pectic substances are structural polysaccharides occurring in the middle lamella and primary cell wall of the higher plants. This pectic material and hemicellulose are responsible for the integrity and coherence of plant tissues. Pectin is a complex polysaccharide, heterogeneous with respect to molecular weight and the method of isolation. Pectin degrading enzymes are produced by many plants, plant-pathogens as well as saprophytic microorganisms such as bacteria and fungi. Among the bacteria Erwinia sp. and among the fungi Aspergillus sp. are known for pectinase production. There is a growing demand for pectinases in the food industry and their major use is in clarification of fruit juices. In order to investigate whether marine fungi produce unusual pectin-degrading enzymes which may be useful in industry, several pectin-degrading flora were isolated from detritus-rich coastal environments and intertidal mangrove communities of Maharashtra, Goa and Karnataka. The present work refers to study of two different pectinases produced at two different pH by Fusarium moniliforme isolated from one of the environmental samples. At acidic pH 5 this isolate produced polygalacturonase (PG) (EC 3.2.1.15) and at alkaline pH pectate lyase (PL) (4.2.2.2). The aim of the present work was 1) to optimize the production polygalacturonase by the organism and if possible, to study application of the enzyme in industry and 2) to understand the biochemical ecology of the isolate. 
The work presented in this thesis deals with- 1) Optimization of culture conditions for polygalacturonase production in liquid culture as well as solid state fermentation and quantification of the pH dependent production of polygalacturonase and pectate lyase using ELISA. 2) The role of polygalacturonase and pectate lyase in plant-pathogenesis by the isolate. 3) Purification and characterization of polygalacturonase produced by the isolate. 


Chapter 1:General introduction The biochemical and ecological diversity of the fungi, pectinolytic enzymes from fungi as well as other sources such bacteria and plants, and their role in plant pathogenesis have been discussed in this chapter. Industrial applications of these enzymes are also reviewed. The chapter presents a framework for the studies conducted in this thesis. 
Chapter 2: pH dependent induction of polygalacturonase and pectate lyase produced by Fusarium moniliforme NCIM 1276. 
Several samples were collected from different estuarine environments. These samples were screened for pectinase production. One fungal isolate was found which produced polygalacturonase at acidic pH and pectale lyase at alkaline pH. This isolate was identified as Fusarium moniliforme on the basis of morphological characteristics and deposited in the National Collection of Industrial Microorganism (NCIM) as Fusarium moniliforme NCIM 1276. This organism is salt tolerant to 0.4 M NaCl and both enzymes retain full activity at 0.4 M NaCl. The isolate produced polygalacturonase maximally (0.28 U/ml) at pH 5 in a liquid medium containing 1 % pectin, 0.2 % glucose, 0.5 % NH 4 (SO) 4, 0.2 % K 2 HPO 4 , 0.2% KH 2 PO 4 , 0.1% CaCl 2. The same organism produced pectate lyase maximally (8.2 U/ml) at pH 8 in the same liquid medium. Polygalacturonase production was induced in presence of 1% pectin but production of this enzyme was repressed when glucose (1%) was used as sole carbon source in the liquid medium at pH 5. On the other hand pectate lyase production was not affected in presence of (1%) glucose as sole carbon source in the liquid medium at pH 8. The thesis that polygalacturonase is an inducible enzyme whereas pectate lyase is produced constituvely by the organism is examined in the light of these data. When the isolate was inoculated on a solid state medium containing wheat bran and orange pulp as carbon source, the production of polygalacturonase was three times more as compared with liquid culture medium. The optimal production was 80 U/gram of mixed substrate as compared to 28 U/ gram pectin in liquid culture. This organism produced single form of polygalacturonase and pectate lyase in liquid culture however two forms of polygalacturonase and single form of pectate lyase were produced in solid state wheat bran medium. Using Sandwich ELISA polygalacturonase and pectate lyase protein biomass were measured. These assays show that, this isolate produced extracellular and intracellular polygalacturonase and pectate lyase from pH 2 to11 but the maximum secretion of the enzymes occurred at pH 5 and at pH 8 respectively. Immunocytolocalization studies shows that both enzymes localized near to the cell membrane and vacuole regions of the spore and mycelium. 
Chapter 3 : Crop plant pathogenecity of Fusarium moniliforme NCIM 1276. 
Healthy tomato (Lycopersicon esculentum) and cauliflower (Brassica oleracea botrytis) plants inoculated with Fusarium moniliforme NCIM 1276 showed yellowing and crinkling of leaves after 8 to 10 days. Therefore this estuarine isolate is a pathogen on atleast these two crops. Transverse sections of tomato and cauliflower hypocotyls examined under the light microscope showed that the fungus penetrates in about 4 days through the epidermal layer to the cortical tissue. Fluorescence labeled antibodies also showed that fluorescence of infected hypocotyls of cauliflower and tomato plants increase by 5 to 10 fold as compared to control plants At physiological pH both enzymes are produced by this pathogen although the ratios between the enzymes varies between tomato and cauliflower systems. Tomato has an acidic cell sap of 6.6 whereas cauliflower has a cell sap pH of 7.6. In the roots of both plants the ratio between PG:PL production in tomato is 3.6 as compared to 1 in cauliflower clearly indicating that pectate lyase production is enhanced in the latter species. The hypocotyl regions of both plants showed lower activity of enzymes. However in acidic environment such as in Lycopersicon esculentum (Tomato) there is greater production of the hydrolytic polygalacturonase (EC 3.2.1.15) as compared to the b-eliminative cleaver pectate lyase (EC 4.2.2.2) and conversely, in the neutral to alkaline cell sap host environment of Brassica oleracea botrytis (Cauliflower) pectate lyase production is enhanced. Fusarium (Deuteromycotina, Moniliales) is a widely occurring plant-pathogen. The species is also known to exhibit a saprophytic mode of nutrition. The data presented here suggest that Fusarium moniliforme NCIM 1276 has adapted to estuarine conditions but has retained its virulence against crop plants through the production of pectin-degrading enzymes, which would also be useful in saprophytic modes of nutrition. 
Chapter 4 : Purification and characterization of endo-polygalacturonase produced by Fusarium moniliforme NCIM 1276. 
A single form of polygalacturonase, which is produced by the isolate in liquid culture, was purified to homogeneity by ion exchange chromatography using CM- Sephadex at pH 5 and Sephadex G-100 gel filtration column chromatography, with a yield of 28 %. Biochemical characterization of the enzyme shows that, polygalcturonase had a M r of 38 kDa and a carbohydrate content of 4 %. It has an alkaline pI of 8.1. The K m is 0.12 mg ml -1 , V max is 111.1 mM min -1 mg -1 and the k cat is 4200 min -1 . It has a pH optimum of 4.8 and optimum temperature is 45?C. The enzyme activity was competitively inhibited by gluconic acid D-lactone (GADL) with k i of 28 mM. The effect of metal ions on polygalacturonase activity shows that enzyme was inhibited by Zn ++ , Hg ++ and Fe +++ at concentration of 5 mM. Amino acid composition shows that, this protein contains 17% of acidic amino acids, and low quantity of sulfur containing amino acids. N- terminal amino acid sequence of the polygalacturonase is E-S-T-Q-L-N-P-I-P-S-T-V-I-H-G-A-T-G-Y-H- . This 20 amino acid sequence did not match with the N-terminal sequence of any reported polygalacturonase in the SWISS-PROT data base. The pK a b values of polygalacturonase are pK 1 a of 5.7 and pK 2 a of 4.3. Time dependant hydrolysis of polygalacturonic acid by the enzyme yielded di-and mono-galacturonic acid. Therefore this enzyme is an endo-polygalacturonase belonging to EC 3.2.1.15. Active site characterization of endo-polygalacturonase was carried out by using amino acid groups specific chemical modifiers. The enzyme activity was inhibited by WRK, EDC, DEP, NBS, HNBB, Phenyl glyoxal, 2,3 Butanedione and pNPG, suggesting that, carboxylate, histidine, tryptophan and arginine residues are important for the activity of enzyme. Kinetic inhibition studies and titration of enzyme with specific chemical modifier shows that a single residue of carboxylate, histidine, tryptophan and arginine is present at or near to the active site. Kinetic and fluorescence data show that tryptophan is present in the active site in an electropositive microenvironment and involved in binding. An arginine residue present at or near the active site may be involved in catalysis or extended binding of the substrate. A carboxylate and a histidine residue are involved in catalysis. 
Chapter 5 : General Discussion 
In this chapter the salient features of the thesis have been discussed with reference to the published literature and with reference to the stated objectives of the thesis, particularly industrial application. 

