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Effect of oxygen carriers in microbial and plant cell cultures
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Dissolved oxygen concentration is one of the most limiting factors in aerobic cultures, due to the
poor solubility of oxygen in aqueous media. In many processes, the microorganisms growth and
production can be affected as a result of insufficient oxygen supply to the broths [1, 2]. To increase
oxygen solubility, some methods can be used, such as the increment of aeration or agitation rates or
decrease of the solution temperature [2]. A high air flow or intensive agitation rate can however leads
to a phenomenon known as turbulent shear cell stress, which may have a negative effect on cell
growth, particularly on vegetal or animal cells [3]. Thus another way to improve the oxygen
concentration in a culture is by using a second liquid phase, commonly designated oxygen vector or
carrier, in which oxygen presents a greater solubility than in water. These oxygen carriers can be
saturated hydrocarbons, oils or perfluorochemicals, and their advantage is the increment of oxygen
transfer to microorganisms [2].

In this study, the growth of the yeast Saccharomyces cerevisiae, the bacteria Xanthomonas
campestris and Cynara cardunculus plant cells with addition of n-dodecane, soybean oil,
polydimethylsiloxane or perfluorodecalin have been studied.

Experiments were carried out in 100ml Erlenmeyer flasks with 60 ml of YPD, medium described in
Garcia-Ochoa et al [4] and B5 medium [5], respectively for, S. cerevisiae, X. campestris and C.
cardunculus. Cultures were grown in duplicates at 150rpm and 29+1°C, containing 10% (v/v) of
vector. For each culture, it was determined the cell growth by dry weight, as well as the optical density
for S. cerevisiae and X. campestris. Sugar contents in all cultures were quantified by HPLC analysis.
The xanthan gum produced by X. campestris was quantified by dry weight, after precipitation with
ethanol. The phenol content in C. cardunculus cultures was quantified by direct spectrophotometric
method at 270nm.

The growth of S. cerevisiae presented a higher biomass density with perfluorodecalin next to the
control culture (Figure 1). These results are concordant with the work developed by Pilarek &
Szewczyk [3] where S. cerevisiae grown with perfluorodecalin shown an increase of 30 % in biomass.
The presence of oxygen in S. cerevisiae cultures promotes the biomass production.

In the X. campestris culture, the n-dodecane presented the higher biomass dry weight and xanthan
gum concentration, at 34h of culture. Studies performed with the bacteria Pantoea agglomerans with
1% (v/v) of n-dodecane, showed that this vector enhanced the oxygen mass transfer coefficient (K a)
of the culture as well as the biomass productivity [6].

The cellular growth of C. cardunculus culture are similar with the different vectors, with low levels
of phenolic compounds, except for the culture grown with soybean oil that presented values slightly
higher than the others cultures. Pilarek & Szewczyk [2] observed an increase in biomass production
for tobacco cells grown with perfluorodecalin.

These results suggest that oxygen vectors tested in these different cultures, yeast, bacteria and plant
cell culture are efficient liquid oxygen carriers and facilitate gas transfer in the broth culture. However,
due to the difficulty of working with the oils, since they can interfere in the results and be metabolized
by the cells, perfluorodecalin and n-dodecane seems to be the vectors which better improved the
biomass production what may be attributed to higher oxygen availability in the culture.
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Figure 1. Optical densities, obtained at 590 nm, for S. cerevisiae growth culture, at 150 rpm and
29+1°C, as a function of the culture time. Cultures with different oxygen vectors, —#— perfluorodecalin,
soybean oil, —— polydimethylsiloxane, —<—n-dodecane and control (with no vector).

This study shows a promising way to improve the oxygen transfer, in aerobic bioprocesses where
this factor is limiting, and as other works have shown [7, 8], can contribute to a great enhancement of
K a. Antunes [6] work showed that at 1% (v/v) n-dodecane, K.a can achieve a value of 33.80 h™,
compared to the 9.44 h™* for water in the same conditions. Further studies with the oxygen vectors that
presented better performance, with higher oxygen mass transfer, will be carried out in a mechanically
stirred bioreactor and correlated with the broth rheology of different cultures.

References:

[1] Amaral PFF, Freire MG, Rocha-Ledo MHM, Marrucho IM, Coutinho JAP, Coelho MAS.
Optimization of Oxygen Mass Transfer in a Multiphase Bioreactor With Perfluorodecalin as a
Second Liquid Phase. Biotechnology and Bioengineering 99 (2008) 588-598

[2] Quijano G, Hernandez M, Villaverde S, Thalasso F, Mufioz R. A step-forward in the
characterization and potential applications of solid and liquid oxygen transfer vectors. Appl
Microbiol Biotechnol 85 (2010) 543-551

[3] Pilarek M, Szewczyk KW. Effects of perfluorinated oxygen carrier application in yeast, fungi and
plant cell suspension cultures. Biochemical Engineering Journal 41 (2008) 38-42

[4] Garcia-Ochoa, F., V. E. Santos, J. A. Casas, and E. Gomez Xanthan gum: production, recovery and
properties. Biotechnology Advances. 18 (2000) 549-579

[5] Gamborg OL, Miller RA, Ojima K. Nutrient requirements of suspension cultures of soybean root
cells. Experimental Cell Research 50 (1968) 151-158

[6] Antunes FAC (2009) Producdo de um agente de control biol6gico de doencgas pds-colheita, em
reactor bioldgico, a partir de residuos de alfarroba. Estudos de transferéncia de massa.
Dissertagdo de Mestrado em Engenharia Bioldgica, Universidade do Algarve

[7] Cascaval, D., Galaction, Al, Folescu, E, Turnea, E. Comparative study on the effects of n-
dodecane addition on oxygen transfer in stirred bioreactors for simulated, bacterial and yeasts
broths. Biochemical Engineering Journal. 31 (2006) 56-66

[8] Liu, L., H. Q. Yang, D. X. Zhang, G. C. Du, J. Chen, M. Wang, Sun, J. Enhancement of
Hyaluronic Acid Production by Batch Culture of Streptococcus zooepidemicus via the addition of
n-Dodecane as an Oxygen Vector. Journal of Microbiology and Biotechnology. 19 (2009) 596-
603



