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SUMMARY 

Isolation, phylogeny and characterisation of proteases and p­

hydroxyphenylacetic acid hydroxylase from thermophilic Geobacillus 

strains from Buranga Hot Springs in Uganda 

by 

JOSEPH HA WUMBA 

Supervisor: Dr Volker S. Brozel 

Co-supervisor: Dr Jacques Theron 

Department: Microbiology and Plant Pathology 

University ofPretoria 

for the degree Ph.D 

Enzymatic processes that can be run at high temperatures are attractive, as the reaction rates 

and the substrate solution is often increased. Consequently, there is a continuous search for 

new thermostable enzymes with the required technological properties. In this study, two 

thermophilic bacterial isolates, Geobacillus PA-9 and PA-5, obtained from the Buranga hot 

springs in western Uganda, were characterised with the specific aim of isolating and 

characterising genes encoding novel enzymes. 

Both bacterial isolates grew at an optimum temperature and pH of 60°C and 7.5-8.5, 

respectively, and zymogram analyses indicated that the isolates produced two (isolate PA-5) 

or more (isolate P A-9) extracellular protease enzymes. The optimum temperature and pH for 

casein-degrading activity were 70°C, pH 6.5 for isolate PA-9, but caseinolytic activity could 

also be observed at 2°C. Isolate PA-9 was thus selected for further characterisation. 

Although various strategies were used to isolate the protease-encoding genes, including 

enzyme purification and fu nctional screening of a constructed genomic DNA library in 

Bacillus megaterium and in Escherichia coli, none resulted in the isolation of the desired 
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genes. The inability to purify the protease(s) may suggest that low amounts of the protease(s) 

are being produced or that the protease( s) may be distinct from other characterised proteases. 

A clone containing the gene encoding the hydroxylase involved in the degradation of 4­

hydroxylphenylacetic acid was, however, isolated from the Geobacillus sp. PA-9 genomic 

DNA library. Sequence analysis indicated the presence of three novel open reading frames 

(ORFs) of which PheH exhibited homology to several 4-hydroxyphenylacetate 3­

hydroxylases (4-HPA hydroxylase), PheH2 appeared to be unique and PheC exhibited 

homology to 2,3-dioxygenases. The 4-HPA hydroxylase has an optimum pH and 

temperature of 9.0 and 50°C, respectively. Purified PheH did not display hydroxylase 

activity, suggesting that the 4-HPA 3-hydroxylase from Geobacillus isolate PA-9 is 

composed of two proteins with PheH being the hydroxylase and PheH2 serving as a helper 

protein required for efficient substrate hydroxylation. 

----------_._--- _ . ­
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