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BIOSTAT® Aplus is a compact laboratory
bioreactor with an autoclavable vessel
featuring a stirred-tank design. The system
is available in a choice of culture volumes
of 1L, 2L and 5L and preconfigured versions
for microbial and cell cultivation.
This wide selection makes it easy for users
to choose the bioreactor model that best
matches their specific needs. As this bioreactor features intuitive operation by
notebook PC, it is especially suitable for
educational purposes or first-time bioreactor users. Typical applications range
from small-scale protein expression to
scale-up experiments from non-controlled
shake or T-flasks to controlled cultivation
conditions. All systems measure and automatically control dissolved oxygen (DO),
pH, temperature, foam and fill level.
In particular, DO control can be set up as
in larger-scale bioreactors normally used
in process development, while keeping
operation easy.

Stirrer speed, gas mixing and substrate
addition can be selected for the DO cascade. Automatic pH control can be accomplished by selecting acid and base addition
or CO2 and base addition to suit the needs
of a specific application. Three internal peristaltic pumps can be used for corrective
agents or substrate. A fourth external
pump can also be connected. Different
impeller and sparger designs are available
to suit organisms with a high demand for
oxygen, as well as shear-sensitive cells. The
BIOSTAT® Aplus also includes an installation
video and cultivation recipes for common
cell lines to facilitate installation and
first-time use of the bioreactor.
The following application data were
compiled at the University of Applied
Sciences in Bielefeld, Germany.
At this university, BIOSTAT® Aplus is used
for various applications during students’
practical lab coursework in cell cultivation,
in addition to other purposes.

First application:
CHO cultivation in fed batch mode
For fed-batch cultivations in a 2-liter BIOSTAT® Aplus system, a
CHO cell line was used, which secretes a recombinant, monoclonal
IgG antibody. The protein-free, chemically defined medium, MAMPF 2 from BioConcept Amimed, was used as the culture medium.
The concentration of living and dead cells was measured using
Cedex from Roche Applied Sciences. The concentration of glucose,
lactate, glutamine, ammonium and IgG was determined using
Cubian XC from Optocell.

Fig. 2: Development of cell concentration and viability over time

Fig. 1: Schematic diagram of the BIOSTAT® Aplus for fed-batch cultivation

The bioreactor was equipped with a 3-blade segment impeller,
which features a pull-down mixing direction in the upper section,
and a 6-blade disk (Rushton) impeller, located approx. 2 cm above
the sparger. At an agitation speed of 200 rpm, this configuration —
in combination with the microsparger used for submerse gassing —
ensures small gas bubble diameters and good mixing conditions.
The residence time of the small gas bubbles in the medium is also
increased, as they are retained for some time in the lower section
of the bioreactor due to the flow profile of the disk impeller.
The pH was regulated to 7.1 using CO2 exclusively in the head
space. A constant flow of air (200 ccm) through the head space
was mixed with the corresponding proportion of CO2 by the
controller of the BIOSTAT® Aplus. Using sodium carbonate (1M),
the pH could be maintained in the alkaline range as needed
during the second phase of cultivation.
Submerse gassing using the microsparger ensured that the suspension had the required amount of dissolved oxygen. Pure oxygen
was used to minimize the gas flow through the liquid. The controller was configured so that, if the air saturation dropped below the
target value of 40 %, a short injection of gas was used to generate
a succession of bubbles, which were held in the liquid for some
time. In this way, continuous flow of gas through the sparger was
avoided, and pulsed gassing of the culture was achieved. Therefore,
foaming on the surface of the liquid was significantly reduced,
minimizing the need for anti-foam agents (Antifoam C, Sigma).

The figure (Fig. 2) shows fed-batch cultivation with the addition of
separate 25 ml doses of CHO Feed Bioreactor Supplement from
SAFC Biosciences. Feeding was performed every 48 hours.
Additionally, the glutamine and glucose concentrations of
each sample were determined using Cubian XC from Optocell.
The substrate needed for the next 48 hours was calculated based
on these results. Furthermore, the specific growth rate µ, as well
as, the specific uptake rate qGLC and qGLN were approximately
determined from the concentration of the last two samples.
The addition times of the substrate mix are identified in the graph
by gray bars. With this strategy, a maximum viable cell density
of 125∙105 cells/ml with a viability of 90% was achieved on the
seventh day.
In a second fed-batch cultivation process using the same cell line,
the viable cell density was additionally determined online by continuous measurement of the capacity of the cell suspension using
i-Biomass 465 from Fogale. In this second scenario, the aim was to
keep the cell culture at a constant cell concentration for as long
as possible, as the cell line only produces significant amounts of
antibodies in the stationary phase. In this process, 50 ml of amino
acid concentrate and 50 ml of glucose | glutamine mix – the
composition was adapted to the requirements of the culture in
advance – were added at three separate times. The times of these
additions are again identified by gray bars in the following two
graphs.

Fig. 3: Variation of cell and product concentration over time with feed times

The viable cell concentration reached 56∙105 cells/ml with
a viability of 98%. The specific growth rate was 1.06 d-1.
At the end of the process, the product concentration was 35 mg/l
(referred to as 100% in Fig. 3).

Fig. 4: Correlation between the concentration of living cells and the
capacity of the suspension

In order to continuously determine the concentration of viable
cells, the capacity of the cell suspension was measured using
i-Biomass 465. Fig. 4 shows that, in the first 5 days of the cultivation, the capacity correlates very well with the concentration of
living cells determined offline. Only after the third addition of the
concentrate and a slight reduction in the concentration of viable
cells do the results of the two measuring processes start to differ
from one another.

Fig. 5: Variation in the concentration of glucose, lactate and glutamine
over time

The substrate concentrations of the glucose and glutamine were
kept between 2 g/l–6 g/l (glucose) and 1.5 mM–10 mM (glutamine)
during cultivation by the addition of concentrates. On the eighth
day, the lactate concentration rose to 7 g/l (Fig. 5).

Second application: BHK cultivation in batch mode
In a conventional batch process, the aim was to achieve a
maximum viable cell concentration without additional substrate
feeding. For this purpose, a BHK cell line was cultivated in a
chemically defined medium, specially designed for this task by
Teutocell. The culture volume was 1 liter.
A 6-blade disk impeller was used for mixing and a ring sparger was
utilized for gassing. In the same way as in the cultivation described
above, the agitation speed was set at 200 rpm, and the pH was
regulated to the target value of 7.1 using CO2 exclusively in
the head space. Pure oxygen distributed by the ring sparger for
submerse gassing was used to adjust the DO setpoint to 40%
air saturation.
In this way, it was possible to achieve a concentration of viable
cells of 135∙105 cells/ml. However, on the third day, the glutamine
concentration of the cultivation was 2.5 mM. The gray bar in
Fig. 6 shows that, at this point, the substrate concentration in
the bioreactor was increased to over 6 mM by the addition of a
glutamine concentrate.

Fig. 6: Variation in cell concentrations over time

Summary
The results of batch and fed-batch cultivation of animal cells show
that the compact and easy-to-use BIOSTAT® Aplus can be used
very effectively in teaching. The system is not only ideal for batch
operation, in which cell concentrations of over 13 million cells per
ml are achieved, but it can also carry out fed-batch processes over
a period of more than a week.
Using a corresponding adapter (Sartorius Stedim Biotech),
additional electrodes besides pH, DO, Pt100 and anti-foam can
be installed for on-line measurements via the top plate of the
bioreactor. In this example, the capacity of the cell suspension
was measured online and compared with the cell concentrations
determined offline.
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