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Abstract

Multi-wavelength fluorescence was applied for on-line monitoring of cell mass and the antibiotic polymyxiBdaBiifus
polymyxa cultivations. By varying the phosphate and nitrogen content of the medium different polymyxin—cell mass ratios could
be obtained. Using this strategy, it was possible to investigate if multi-wavelength fluorescence is able to give independent
prediction of the two parameters.

Partial least square (PLS) regression was applied to establish mathematical relationships between off-line determined cell
mass and polymyxin concentrations and on-line collected fluorescence data. For polymyxin one universal PLS model, with a
correlation of 0.95 and a root mean square error of cross validation (RMSECV) of 3% neglild be constructed. However,
correlation between fluorescence and cell mass dry weight could not be established including data from all three types of
cultivations. For data from each type of cultivation, separate models with high correlation and low RMSECYV values were built.
A large variation in cellular composition as a result of the different levels of nitrogen and phosphorus in the cultivations was the
probable reason to the necessity of building three models.

The results of the present investigation indicate that production of polymyxin is concomitantly regulated by phosphate and
nitrogen as the highest polymyxin yield on cell mass, @&1¥01 g g, was reached in the cultivations where both nitrogen and
phosphate concentrations were kept low.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction
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cal variables QIsson et al., 1998; Sonnleitner, 2000  synthesized byBacillus polymyxa. The antibiotic
However, the currentindustrial developmentis towards is typically produced in batch cultivations where
analyzing more variables and in particular there is a only standard variables such as temperature and
large interest in analysis of biological variables. The pH are monitored. Temperature is the only variable
quality of products and also the possibility to optimize that is controlled, a start pH is set, but no control
production in submerged cultivations would be greatly is applied. Polymyxin B is analysed off-line by
enhanced if more on-line/real-time information about HPLC.
biochemical or biological variables were at hand. Furthermore, in the present study our aim was to
Several promising spectroscopic methods for on- investigate whether polymyxin and cell mass could be
line monitoring of submerged microbial bioprocesses determinedndependently of each other. The produc-
have emerged. Advantageous is that these methods arg¢ion medium is a complex medium based on starch as
non-invasive, have no need for sampling and give real- carbon source and oatmeal as nitrogen source and in
time measurementd/arose et al., 1999; Ulber et al., this medium production of polymyxin occurs parallel to
2003. Together with recent development within fiber the formation of cell mass. To achieve well-controlled
optic techniques this has opened up the field of reactor conditions for evaluation of the sensor a defined
monitoring and control. medium containing soluble starch and ammonium
One of these techniques, multi-wavelength fluores- was designed. By varying the phosphate and nitrogen
cence, is a relatively new technique for monitoring of content in the medium different polymyxin—cell mass
bioprocesses and it has a high potential due to that it ratios could be achieved and thereby uncoupling of
coversabroad rangeinthe UV-vis area. The possibility the variables was possible. In addition to investigation
to concurrently monitor several biogenic fluorophores, of the usage of multi-wavelength fluorescence for
such as vitamins, coenzymes and proteins, gives aindependent detection of polymyxin and cell mass,
much better picture of the cellular activities than the aim was also to establish quantitative on-line
obtained by the earlier fluorescence sensors, which methods for monitoring. Partial least square regression
were limited to the range of NAD(P)H fluorescente (  models were applied in order to establish the math-
etal., 1991; Sirk et al., 200R Furthermore, the broad ematical relationships between on-line and off-line
wavelength range may also give a possibility to dis- data.
tinguish between signals from different fluorophores
and reduce the problems with overlapping peaks and
quenching. 2. Materials and methods
The potential of multi-wavelength fluorescence has
been evaluated by monitoring cultivations of different 2.1. Cultivations
micro-organismsoehl etal., 2003; Haack etal., 2004;
Hagedorn et al., 2004; Marose et al., 1998; Mukherjee 2.1.1. Strain and propagation
et al., 1999; Skibsted et al., 2001; Solle et al., 2003;  The strain used in this studB, polymyxa POL4-2
Sonnleitner, 2000; Tartakovsky etal., 199§athese (Alpharma ApS), was stored at80°C. The strain is
studies information about substrates, cell mass, prod- derived from the wild type straiB. polymyxa NRLL
ucts and changes in metabolism could be extracted and1551 through repeated steps of random mutagene-
the technique seems promising for monitoring of culti- sis and screening by Alpharma ApS. For propagation
vation processes. Yet there are only few reports dealing 200l frozen stock was transferred to baffled shake
with gquantitative analysis of submerged cultivations flasks (250 ml) containing 30 ml TSB-YE medium
using multi-wavelength fluorescence and chemomet- (40 g -1 trypticase soy broth, 7 gt yeast extract, pH
rics in combination. 6.5) and incubated at 3@ and 200rpm for 7h in
The objective of the present work was to investigate an orbital incubator (GFL GesellschaiirfLabortech-
if it is possible, with multi-wavelength fluorescence, nik mbH, Burgwedel, Germany). Precultures, 400 ml
to determine the two central, biological variables in medium (glucose 20 g, starch 20 gt1, (NH4)2SO4
polymyxin B production, namely polymyxin and cell 20gl?, yeast extract 10gt, KoHPO, 2.6gl?,
mass. Polymyxin B is a cyclic, branched decapeptide FeSQ-7H,0 0.1g?1, MgSQy-7H,0 0.5g 1, NaCl
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