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Model-based Investigation of the Microbial Production of Polyhydroxyalcanoates (PHAS)

Penloglou G., Roussos A.I., Chatzidoukas C. and Kiparissides C.

Department of Chemical Engineering and Chemical Process Engineering Research Institute,
Aristotle University of Thessaloniki P.O. Box 472, 54006 Thessaloniki, Greece

Polyhydroxyalkanoates (PHAs) are microbial thermoplastics produced in a variety of micro-
organisms as intracellular carbon and energy storage compounds. These compounds exhibit
significant advantages over conventional polymeric materials as they are non-toxic, they come from
renewable sources and they are 100% biodegradable. Polyhydroxybutyrate (PHB) constitutes the
most important and widely studied representative of the PHAs. It is a biopolymer with mechanical
properties similar to conventional commercial polymers like polypropylene or polyethylene.
Therefore, PHB or its blends can potentially replace synthetic polymers in a variety of different
applications. Despite the promise of these new materials, their introduction to the worldwide market
is inhibited by a series of economic and engineering considerations. Commercially available
biopolymers are at present, significantly more expensive than their synthetic alternatives. Therefore,
there is an emerging need to reduce the overall cost of PHB production by designing novel processes
and separation procedures in order to maximize its yield and productivity.

An attractive candidate microorganism for the production of PHB is the bacterium Alcaligenes latus.
This specific bacterium exhibits certain advantages, as it utilizes a cheap substrate (i.e. sucrose) and
accumulates PHB even during its growth phase with increased efficiency and selectivity. PHB is
accumulated in the cytoplasm of A. latus as a membrane enclosed granule at a percentage up to 80-
90% of the dry cell mass. The production rate/yield of PHB has been found to increase by imposing
limitations on the nitrogen concentration in the presence of excess carbon source during non-growth
conditions. Furthermore, yield and productivity of the PHB can be enhanced by eliminating the
possible inhibition effect of the substrates on the specific growth rate of the microorganism.

In the present study a mathematical model was developed for the prediction of the dynamic evolution
of the active biomass, substrates (i.e. carbon and nitrogen) and product (i.e. PHB) concentrations. In
order to describe the specific growth rate of the micro-organism, different expressions available in
literature were considered. Product formation was assumed to comprise growth and non-growth
associated terms. Sucrose consumption was presumably due to the growth of catalytically active
(residual) biomass, product formation and maintenance of the microorganism whereas nitrogen was
consumed exclusively for the growth of the biomass.

Initially, the parameters of the model were adjusted using experimental data from batch and fed batch
reactors. Subsequently, the effect of carbon and nitrogen levels on biomass growth and PHB
accumulation in A. latus on a batch reactor was examined. The model was used to determine the
optimal initial nitrogen-to-sucrose ratio and the composition of the culture medium, which
correspond to the maximum PHB productivity. Finally, the model was applied for the simulation of
an ideal fed-batch reactor system. Different feeding policies of the two substrates were examines in
order to establish an optimal design strategy for the production of PHB.
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