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Abstract The attachment of microbes on biotic or 
..abrolic surfaces to form biofilm structures has a great 
impact on biodegradation and biosynthesis in nature. 
Various interactions in such biofilms and their extracel­
lular polymeric substances (EPS) layer make them 
considerably different in physiology and action, compared 
to that of their individual microbes in planktonic (free 
swimming) mode of growth. Expression of new genes is 
up-regulated in the biofilm cells, due in part to the cel­
lular interactions, compared with the planktonic cells. 
Formation of fungal-bacterial biofilms (FBB) by bacterial 
colonization on biotic fungal surface gives the biofilm 
enhanced metabolic activities compared to monocultures, 
and perhaps multi-species bacterial or fungal biofilms on 
abiotic surfaces. Incorporation of a N 2 -fixing rhizobial 
strain to the EBB to form fungal-rhizobial biofilms (FRB) 
has been shown to improve potential biofilm applications 
in N-deficient settings and in the production of biofilmed 
inocula for biofertilizers and biocontrol in plants. Their 
applications in agricultural and environmental settings, 
enzyme technology, drug discovery studies and energy 
research are being investigated. Thus, it has already been 
shown that the use of the FBB is a promising technology 
for many applications. This review deals with the differ­
ent areas in which FBB/FRB have been seen to be applied 
with successful results as well as the numerous emerging 
avenues in which they show promising potential. 
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Introduction 

A great attention has been focused on the role of microbes 
in the degradation and synthesis, known as biodegradation 
and biosynthesis (Dobbins et al. 1992; Oppermann-Sanio 
and Steinbiichel 2002) in lieu of physical and chemical 
methods. These processes occur in association with biotic 
or abiotic surfaces. Certain microbes can attach to the 
surfaces and differentiate to form complex, multi-cellular 
communities called biofilms. A biofilm consists of micro­
bial cells (algal, fungal, bacterial and/or other microbial) 
and an extracellular biopolymer these cells produce, known 
as EPS, which provides structure and protection to the 
community. These communities can be found in medical, 
industrial and natural environments. They can also be 
engineered in vitro for various biotechnological applica­
tions (Seneviratne 2003). 

The microbes undergo profound changes during their 
transition from planktonic organisms to cells that are part of 
a complex, surface-attached biofilm. Recent genetic and 
molecular approaches used to study bacterial biofilms have 
identified genes and regulatory circuits important for initial 
cell-surface interactions, biofilm maturation, and the return 
of biofilm microorganisms to a planktonic mode of growth 
(O'Toole et al. 2000). Biofilms have a unique pattern of 
gene expression which is different from their non-biofilm-
forming stages (Vilain and Brbzel 2006). For example, 
expression of genes for polysaccharide production is 
up-regulated in biofilm cells compared with planktonic cells 
in liquid media (Davies et al. 1993). Then, high cellular 
levels of cyclic di-GMP are produced, which promote 
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