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Abstract 

The use of fungi in biotechnology requires that no cell loss takes place; a 

maximal level of cell-nutrient interaction is required to achieve efficient 

performance and avoid cell loss. The main aim of the present study is to 

use ethanol to control cell-cell and cell-surface adhesion through 

manipulating cell surface properties. A Fungal isolate with a phenol 

oxidase activity (43.2 U/ml) was chosen out of twelve isolates belonging 

to two main genera: Aspergillus sp. and Penicillium sp. The fungus 

isolate, assigned as the highest phenol oxidase producer, was 

morphologically identified as Penicillium  purpurogenum. Penicillium 

purpurogenum formed a ring around the bottle in static and shaking 

conditions, therefore, a number of different stress conditions, such as pH, 

temperature, different nitrogen sources, gamma radiation and ethanol, 

were employed separately to control biofilm formation in the fungus 

under study. The fungus was tested for its morphology, mycelial weight, 

stress response (catalase, lipid peroxidation and red pigment synthesis) 

and extracellular and surface bound protein and exopolysaccharides. The 

obtained results correlate the biofilm formation to stress response and 

surface bound protein.  Combining all types of stress did not result in 

more biofilm formation control; on the contrary, it posed more stress on 

the fungus and affected the biomass. Ethanol on its own was successively 

used to control biofilm formation, which was inhibited in the presence of 

2.5% v/v ethanol without affecting the growth. The addition of ethanol 

also increased the intracellular phenol oxidase activity from 43.2 to 

228.43 U/ml. Scanning electron microscopy showed that the addition of 

ethanol resulted in the formation of loose mycelial network as compared 

to a tight mycelial network in ethanol free cultures. The presence of 

Yap1p gene, the detection of an oxidized form of glutathione (GSSG) and 

catalase after ethanol addition all suggest that a stress response might be 

involved in the adhesion process. The process of adhesion could be 

described as a signaling process and it is affected by the germ tube 

formation as an initial step in adhesion. The surface charge increased as 

the ethanol concentration increased confirming that ethanol affects the 

surface charge. Ethanol also affected the DNA polymorphic profile of 

DNA rendering the fungus genetically variable. Protein profile showed 



polymorphism in surface bound proteins for cultures amended with 

ethanol as compared to control cultures. Scanning electron microscopy 

indicated that the adhesion of Penicillium  purpurogenum on polystyrene 

surface was decreased after treating the surface with ethanol. The use of 

gamma irradiation slightly affected the wettability of polystyrene strips at 

0.5 and 1 kGy, thus slightly decreasing the adhesion, but was not as 

effective as using ethanol to control the adhesion. Therefore, ethanol 

could be employed to control the surface properties of a fungus, and to 

inhibit biofilm formation to obtain a high surface area for the fungus to 

be employed in any biotechnological process. Moreover, the addition of 

ethanol did not affect the fungus in terms of application, as the degrading 

ability of the fungus under ethanol stress increased when 2.5% v/v 

ethanol was added to olive mill waste water inoculated with Penicillium 

purpurogenum, but at the same time, the biofilm ring was not observed. 
The percentage of total phenol removal in olive mill waste water was 

increased from 37.07 to 42.67 upon the addition of ethanol. 
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