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Background

We developed an automated, multiwell plate (MWP)
based screening system for suspension cell cultures
which is now routinely used in cell culture process
development. It is characterized by a fully automated
workflow with integrated analytical instrumentation. It
uses shaken 6-24 well plates as bioreactors which can be
run in batch and fed-batch mode with a capacity of up
to 768 reactors in parallel [1,2]. A wide ranging analyti-
cal portfolio is available to monitor cell culture pro-
cesses and also a cooperation with internal high
throughput (HT) analytic groups to characterize product
quality. The current work focuses on expanding the ana-
lytical portfolio to develop control mechanisms for auto-
mated cell culture processes. Besides setting up a robust
method for pH measurement we evaluated different
spectroscopic techniques like Raman or infrared as fast
and powerful analytical tools.

Results

Infrared and Raman spectroscopy are powerful tools for
the simultaneous detection and quantification of several
key components in cell culture processes. Non-invasive
and near real-time measurement make them to ideal
tools for small scale HT systems. By using Infrared spec-
troscopy some challenges must be overcome. Water, for
example, has a high absorption in the infrared range
and can mask the signals of important components.
Generally, the low concentration of the target compo-
nents presents in combination with the complex cell
culture media a problem in the quantification process.
Compared to the Raman spectroscopy the Infrared spec-
troscopy is more cost efficient and has higher signal
intensities.
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Also challenges have to be managed by using the
Raman spectroscopy. As mentioned before for the Infra-
red spectroscopy, the low concentrations of the target
components are in combination with the complex cell
culture media a problem for the Raman spectroscopy,
too. Additionally the low signal intensities and the high
laser power, which is needed, might be a challenge. In
comparison to the Infrared spectroscopy the Raman
spectroscopy is useable for liquid samples without a
strong signal of the water and fully automated Raman
devices are available.

Despite these challenges we could show the quantifica-
tion of different metabolites and nutrients of the cell cul-
ture process using these techniques. With the Infrared
spectroscopy we were able to quantify the glucose, lactate,
ammonia and antibody concentration. The application of
the Raman spectroscopy could be shown for the glucose,
lactate and antibody concentration determination.

An important application of these spectroscopic meth-
ods for our automated suspension cell culture screening
system is the control of the glucose concentration. We
could show this application in fed-batch processes for
different cell lines and different process platforms for the
Infrared and Raman spectroscopy. The error of predic-
tion depends strongly on the process platform and is at
most 15% in the concentration range higher than 3 g/L
(Figure 1).

Conclusions

The automated, MWP based screening system for suspen-
sion cell culture is routinely used in cell culture process
development. By extending the fermentation throughput
up to 768 reactors in parallel it is necessary to increase the
analytical throughput. The application of the Infrared and
Raman spectroscopy as HT analytical tools could be suc-
cessfully shown. The main application shown in this work
is the glucose control in the cell culture process.
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Infrared spectroscopy as a tool for glucose control
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Figure 1 A and C: Chemometric calibration model for glucose concentration using Infrared spectroscopy (a) and Raman spectroscopy
(c). The model provides high precision and low deviations. The blue points represent the experimental data and the red points represent the
respective model prediction. B and D: Application of the Infrared calibration model (b) and Raman calibration model (d) for monitoring and
control of the glucose concentration in a cell culture process. The blue curves represent the measured data and the red curves the

19000

B Measured data
B Model prediction

18000
17000
16000
15000

Glucose concentration mg/L

14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
o 50 100 150 200 2% 300 3%0
9000

L] Process time [h]

All measurements using Raman spectroscopy were per-
formed fully automated. The Infrared measurements were
performed semi-automated dependent on the availability
of a suitable system.

The use of the Raman and Infrared spectroscopy
enables the high needed analytical throughput of the
automated MWP based screening system for suspension
cell culture.
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