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Fed-batch cultivation of Saccharomyces cerevisae is the dominating technique 
in high cell density cultures of processes such as the production of Baker's yeast 
[l] and recombinant proteins [2]. Due to the high oxygen demand of these 
cultures, the oxygen supply to the culture is an important and difficult task. The 
use of hyperbaric air, e.g., air at increased pressure, for oxygen mass transfer 
improvement has been proved to be applicable to several microbial strains [3,4]. 

In this study, the effects of hyperbaric air up to 1.5 MPa on the viability and 
morphology of S. cerevisiae cells grown in fed-batch cultures were investigated. 
Fed-batch experiments were performed in a stainless steel stirred tank reactor. 
Exponential feeding at dilution rates up to 0.1 h-1 was used, in order to ensure 
full respiratory metabolism. The ethanol production due to oxygen _limitation at 
atmospheric pressure was reduced by the bioreactor pressurization up to 1.0 
MPa. No differences on the fraction of viable cells, size of the cells and 
genealogical age were observed in this range of total pressure. Moreover, best 
results were obtained for experiments where pressure was increased gradually 
throughout time. This observation indicates the existence of an adaptation 
period of the cells to hyperbaric conditions. 

However, a strong inhibition of cell activity was observed for the operation at 
1.5 MPa total air pressure. This effect was due to the increase on the oxygen 
partial pressure because similar cell behaviour was found using pure oxygen at 
the same partial pressure (0.32 MPa). Oxygen toxicity resulted in a drastic 
decrease of cell viability, inhibition of ATP synthesis and morphologic changes, 
mainly, cell size decrease. 
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The progress of alcoholic fermentation, in oenological conditions, has been 
followed in a fully automated fermentation system. Yeast concentration was 
measured using both an optical (Wedgewood) and an impedimetric probe 
(Fogale Nanotech, Nirnes, France). Volatile compound concentration was 
evaluated by head-space gas analysis using both a gas chromatograph and an 
electronic nose (AlphaMos Fox 4000, Toulouse, France) . 

Wine fermentation presented two phases: during the first day, a rapid growth and 
fermentation phase corresponded to the assimilation of the nitrogen source, 
preceding a slower fermentation phase during which cell division was almost 
stopped, while cell mass still increased, with accumulation of storage compounds. 

The biomass probes gave different informations : optical density was well 
correlated to the cell mass over the whole fermentation, while capacitance gave 
a better correlation with yeast cell number, showing an arrest of cell growth 
when nitrogen was exhausted. A sharp transition from growth to decline was 
observed with the optical probe at the instant of sugar depletion, when the yeast 
began to use stored compounds as carbon source. 

Conductance was dependent on the fermentation phase, decreasing during 
nitrogen assimilation and increasing thereafter, with a sharp transition 
corresponding to the instant of nitrogen depletion. 

Headspace gas analysis using electronic nose during wine fermentation was a 
difficult challenge due essentially to the presence of high ethanol concentrations 
in samples. A system coupling an online headspace gas chromatograph (GC) for 
dehydration and desalcoholization and an electronic nose (EN) for aroma 
analysis was developed. Ethanol and aroma compound evolutions could 
therefore be studied separately. 

The information brought by these complementary sensors allowed a rapid 
evaluation of the fermentation state. Moreover, distinctive evolution patterns 
have been found with various yeast strains. 
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Glucose 6-phosphate dehydrogenase (G6PDm is an important enzyme used in 
biochemical studies and in several analytical methods that have industrial and 
commercial application. However, the development of methods for the extraction 
of enzymes has been an important prerequisite for many of the advances made in 
the biotechnology. Aqueous two-phase systems (ATPS) offer a potential for the 
separation of enzymes on account of their cost and good performance. This 
method is based on partition of proteins between two liquid phases in several 
extraction steps. In this work, the partial purification of enzyme G6PDH in ATPS 
using poly(ethyleneglycol) (PEG)/citrate was studied. Firstly, it was observed the 
effect of the stability, homogenization and resting in the system equilibrium and 
the effect of the sodium citrate concentration, PEG concentration and molecular 
weight of the PEG in the partition of the enzyme, this last using statistical analysis 
(factorial 2'). After this, several ATPS were prepared from PEG and citrate with 
two grams of the medium containing the enzyme of interest, prepared through 
disruption of commercial baker's yeast cells. This mixture was submitted to 
vortexing (1 min), rotation (8 rpm I 20 min) followed by centrifugation 
(1500 g I 10 min) and resting for 60 min in pH 8.5 and 25°C. Samples of the top 
and bottom phases were then assayed to determine enzyme activities, total protein 
concentration, volumes of phases and pH. The results showed a possibility of 
partial purification of enzyme G6PDH in ATPS using only two extraction steps. 
The first step in 17% w/w PEG 400 I 20% w/w citrate obtaining high values of 
enzymatic partition coefficient (K = 142) however with low value in the increase 
of purity in the phase top (PurToP = 0.9) being necessary an second extraction step 
using the phase top of this first extraction in a new system (10% w/w 
PEG 1500I15% w/w citrate) obtaining significant values in the increase of purity 
in the phase top cPurmP = 2.2) with good selectivity (S = 6.8). 
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The modification of biotechnological processes using immobilised biocatalysts 
containing viable cells of microorganisms is still an object of interest of ma11:y 
biotechnologists. The aim of our studies was to work up the method of 
immobilisation of viable Bacillus subtilis cells (strain IBTC-3, obtained from 
the microbial culture collection at the Institute of Technical Biochemistry of the 
Technical University of Lodz), possessing high physiological activity and able 
to produce extracellular proteases. The main problem, considering specific 
conditions of enzyme biosynthesis, was a choice of a mechanically and 
chemically stable carrier that enables diffusion of high-molecular compounds 
(proteins) . A method of entrapment of B.subti/is cells in the synthetic polymer -
polyvinyl alcohol (PVA) cryogel without decay viability of bacteria we have 
described earlier [1 ,2]. Now we present the results of studies on extracellular 
proteases (subtilisin and metaloproteinase) synthesis by bacteria immobilised in 
the PVA-cryogel beads, in the repeated-batch process. The optimal conditions of 
subtilisin biosynthesis, i.e. an initial concentration of cells and the stage of 
growth of bacteria entrapped in the cryogel matrix, components of culture 
medium, as well as productivity and stability of the biocatalyst were defined .. , 

Spatial distribution of microcolonies inside the beads and cell leakage from the 
gel during PVA-biocatalyst exploitation were analysed. The depth of bacteria 
growth and amount of an internal-bead biomass production was measured usi~g 
an image processing system. Bacterial nucleic acids concentration in the beads' 
of the biocatalyst was also determined. It was found that kinetic behaviour of 
immobilised cells (rate of growth, sporulation and biosynthetic properties), 
when compared with free cells, is modified by PVA-cryogel microenvironrnent. 
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