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Abstract 
Pulp and paper manufacturing wastes have been recognized as a significant point source of 
pollution since they have high levels of lignin and their derives, so the main objectives of this 
study were to overcome the problems, through biodegradation of contaminating water with 
paper manufacturing wastes (black liquor) via the isolation and identification of various 
bacterial isolates that appeared high ability to degrade lignin; and studying the effect of 
physical, chemical mutations and protoplast fusion on the bacterial isolates to increase its 
biodegradability of lignin. Wild type Bacillus subtilis subsp. Subtilis, Citrobacter farmeri, 
Escherichia fergusonii and Stenotrophomonas rhizophila isolated from the pulp and paper 
manufacturing effluent contaminated soil and water were found to be effective towards lignin 
degradation. Mutant strains were obtained from the acclimatized species by random 
mutagenesis using various Ethidium Bromide (EthBr) concentrations (50, 100, 150, 200 
µg/ml) and the physical mutagen Ultra Violet (UV) where the bacterial strains cell 
suspensions were subjected to UV irradiation at 312 nm for different times intervals (3, 5, 10, 
15 minutes) and after that mutant strains were tested for lignin degradation. It was found that 
the maximum degradation rates was achieved by treatment with 100 µg EthBr for strain 
Bacillus subtilis subsp. Subtilis (colour reduction 88.7%, lignin degradation 76.1%) compared 
to the wild strain (colour reduction 85.4%, lignin degradation 71.4%), and 150 µg EthBr for 
strain Citrobacter farmeri (colour reduction 89.8%, lignin degradation 76.7%) compared to the 
wild strain (colour reduction 70.1%, lignin degradation 62.2%). Genetic Improvement of lignin 
degradation by these mutant strains was carried out via Protoplast Fusion aiming to isolate 
new recombinants (fusants) with high capacity of lignin degradation. Fusant strain had optical 
density more than parents where it increased from 0.406 and 0.370 to 0.473, colour reduction 
was enhanced from 88.7, 89.8% for parents to 95.2% for fusant, and lignin degradation was 
increased from 76.1, 76.6 to 83.2%. Accordingly, the protoplast fusion enhanced growth vigor. 
In addition, this growth pattern indirectly indicated the enhancement of lignin degradation; this 
could be directly related to strains improvement. 
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