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Extracellular metabolomics as a tool for comparison of 
cell lines and process development in animal cell culture
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Results
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A precise knowledge of the extracellular envi-
ronment in cultivation is important for increasing the 

productivity and yield of cell culture processes. Usually, 
analytics is focussed on nutrient content (e.g. amino 
acids and glucose) and the toxic by-products lactate and 
ammonia. The quantification of metabolites from diffe-
rent classes (biogenic amines, acylcarnitines, phospho-
lipids, markers of oxidative stress, rare amino acids and 
intermediates of energy metabolism) in the supernatant 
allows a more detailed view on the process and the cell 
metabolism. A mass spectrometry-based method was 
used to analyze samples from cultivations of different 
cell lines for various metabolites. The results revealed a 
specific metabolism for each cell line. 

As a result of the cell specific growth behaviour and nu-
trient depletions, maximum viable cell densities (VCD) 
varied between 7.7•106 cells/mL and 15•106 cells/mL. At 
the end of the processes the activity of lactate dehydro-
genase (LDH) in supernatant increased due to cell lysis.
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 ►► The application of AbsoluteIDQ™ Kit plates  
in medium-throughput assays allows the parallel 

quantification of hundreds of metabolites
►► The extracellular quantification with the described 
method provides important information about cellular re-
quirements (e.g. polyamines, putrescine)
►► The quantification of nutrients (e.g. amino acids) is 
required for process and media development 
►►  In regard to the metabolic efficiency of cell lines, 
the method may be useful for clone screening
 

►► The additional quantification of intracellular meta-
bolites provides further information
►► Not all extracellular concentrations measured cor-
relate with the intracellular measurements (data not 
shown)
►► For a more detailed view on the cellular metabolism 
the quantification of more substances is necessary 
►► Concentrations of metabolites and degradation pro-
ducts in the supernatant can give some information about 
inhibitory or growth-promoting effects

     Cultivation
Four different cell lines were cultivated in the same 

serum-free, chemically defined, animal component-free 
medium. Cell lines: AGE1.CR.pIX and AGE1.HN 
(ProBioGen, Berlin), CHO DP-12 (ATCC, CRL-12445), 
MF20 Hybridoma (DSHB at University of Iowa). For the 
experiments, a 2 L-bioreactor was used. Conditions: 37 
°C, 40 % pO2, initial pH 7.1.

Analytics
Targeted metabolomic analysis of cell culture superna-
tants was performed with commercially available Absolu-
teIDQ™ Kit plates that allowed the simultaneous quantifi-
cation of over 160 metabolites. The fully automated assay 
was based on PITC (phenylisothiocyanate)-derivatization 
in the presence of internal standards followed by FIA-
MS/MS (for acylcarnitines, lipids, hexoses) as well as LC-
MS/MS (amino acids and biogenic amines) using a 
ABI/MDS SCIEX 4000 QTrap® mass spectrometer 
(Software Analyst 1.4.2) in the multiple reaction monito-
ring detection mode with electrospray ionization. On the 
same instrument, a validated HPLC-MS/MS quantification 
method was used for the analysis of energy metabolism 
intermediates. Lactate dehydrogenase activity in superna-
tant was measured by modified LDH Kit Plus (Roche).
 

 

 

The cell specific consumption of nutrients led to various depletions. Hexose was limited in all processes. Glutamine 
was exhausted in all, except the AGE1.CR cultivation. Additionally, exhaustion of glutamate, alanine, tryptophan 
and methionine occurred during the processes. 

For growth of CHO cells, supplementation with ornithine and putrescine was obligatory. The hybridoma growth was 
also strongly affected by the presence of putrescine. Ornithine and spermidine seemed to be released into the 
medium, while spermine concentration correlated to LDH-activity in supernatant. 
Only some of the effects of accumulating substances like metabolites and degradation products (e.g. asymmetric di-
methylarginine, data not shown) in the supernatant were investigated until now. 

The pyruvate and oxaloacetate (OAA) pools are summarized. 
Pyruvate was included in the medium formulation. Therefo-
re, the concentration was high at the beginning. Pyru-
vate played an important role in media development 
for AGE1.HN cells. 
An accumulation of succinate during the cul-
tivation of the AGE1.CR cell line was ob-
served extracellularly as well as intra-
cellularly (data not shown). Further 
analysis with GC-MS (data not 
shown) revealed the presence of 
malonate, a competative inhibitor of 
the succinate dehydrogenase in 
the cells. 

For some metabolites there was no 
direct correlation between extracellular 
and intracellular concentration (data not 
shown). Fumarate for example accumulated 
in supernatant, while intracellular pools were 
reduced during the process.
For some metabolites a correlation between LDH-
activity in extracellular environment an their concen-
tration could be observed.

Furthermore, the  concentration of several biogenic amines and their metabolic precursor ornithine was determined.  
All cell lines except the CHO cells showed an accumulation of ornithine in the supernatant. 

 

Analytics
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Cultivation
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VCD Viability LDH-activity in supernatantX

*for further information please visit poster: 
► Thüte T. et al. - Non-targeted metabolic comparison of production cell lines originated from different animal 
species
► Northoff S. et al. - Development of a new chemically defined medium for various animal cell lines
*for further information about Biocrates, please visit booth #60
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