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Introduction

The production of protein-based medical agents, like
monoclonal antibodies (Mabs), by biotechnological pro-
cesses requires a comprehensive quality control. The phar-
maceutical industry and national health authorities support
the complete characterization of therapeutic proteins to
increase the quality and safety. During numerous and dif-
ferent production steps like fermentation, purification and
storage, various protein modifications on therapeutic pro-
ducts can occur, like deamidation of asparagine and gluta-
mine, oxidation of methionine tryptophan residues,
clipping of terminal amino acids, glycation and others.

During the development of fermentation processes,
good growth conditions for the cell culture are of pri-
mary importance to obtain maximal productivity [1].
Until now only few efforts have been made to investi-
gate the development of extracellular antibody modifica-
tions and their sources during fermentation as the first
phase of the productions process. Already known is the
fact that pH-value and temperature can induce modifi-
cations on monoclonal antibodies [2].

Aim of this work is to increase the knowledge about
the development of extracellular modifications of mono-
clonal antibodies during the fermentation process.
Therefore, parameters of fermentation were identified
which influence modifications during cell-free incuba-
tion under common fermentation conditions (in shake
flask and small scale bioreactor-systems).

Results
The results from the shake flask experiments showed a
different degree of changes of the charge isoform pattern
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(measured by IE-HPLC) for five analyzed antibodies dur-
ing the approx. nine days of cell-free incubation. The
respective increase of the amount of acidic regionwas
strongly dependent on the specific protein. At the end of
the incubation, the amount of the acidic region range
from approx. 20 area-% to approx.75 area-% depending
on the characteristics of the Mab. The increase in the
acidic region correlated with a decrease of the main peak
while the basic regionremained unchanged.

The specific influence of the parameters pH, tempera-
ture and dissolved oxygen (DO) on the modification of
antibodies was further characterized in full factorial DoE
designed experiments for three Mabs. For this purpose,
cell broth was taken at an early stage from standard
1.000L fermentations with Chinese Hamster Ovary
(CHO) cells and cells were removed by centrifugation.
The cell-free supernatant was then transferred to small
scale bioreactors and incubated for approx. ten days
under the conditions listed in table 1.

In these experiments, elevated temperature conditions
and higher pH values led to a faster modification (degra-
dation) for all three investigated antibodies during the
incubation compared to lower pH and temperature con-
ditions, while dissolved oxygen level had no relevant
impact on the kinetic of antibody degradation.

The results of the cell-free incubation studies were
used to develop a mathematical model was to predict
the isoform pattern of the Mab during standard fermen-
tations with CHO cells from inoculation to harvest. The
amount of the acidic peak can be predicted, depending
on the specific antibody characteristics as determined in
the previous experiments, the concentration of the anti-
body during the cultivation, and the fermentation time
and process conditions (pH, DO, temperature). Figure 1
shows an actual-by-predicted plot, comparing model
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Table 1 Setup for the small scale fermentation
experiments

Experiment pH Temp. [°C] DO [%]
1 6.7 330 45
2 6.7 40.0 5
3 70 36.5 25
4 7.0 36.5 25
5 73 330 5
6 7.3 40.0 45
7 6.7 40.0 45
8 6.7 330 5
9 70 36.5 25
10 70 36.5 25
11 73 330 45
12 73 40.0 5

predictions against measured values for several fermen-
tations of one Mab. The model is well capable of pre-
dicting the amount of acidic isoform for this molecule.

Conclusion

In this work, the influence of fermentation parameters
(pH, DO, temperature) on the extracellular modification
of Mabs (in the supernatant of cell broth) was exam-
ined. Higher temperature and higher pH values lead to

a significant increase in the formation of the acid region
species of Mabs compared to lower temperature and pH
conditions. The impact of these process parameters on
the modification kinetics of Mabs during cell-free incu-
bation was characterized. Furthermore, additional modi-
fications were detected, as oxidation, deamidation,
generation of pyro glutamic acid, separation of lysin
(data not shown).

The results of the incubation experiments in the small
scale fermenter system lead to a mathematical predic-
tion model for the increase of the acidic peak during a
standard fermentation for the production of Mabs with
CHO cells. This prediction model helps to develop
robust fermentation processes.

Published: 4 December 2013

References

1. Muthing J, Kemminer SE, Conradt HS, Sagi D, Nimtz M, Kérst U, Peter-
Katalinic J: Effects of buffering conditions and culture pH on production
ratesand glycosylation of clinical phase | anti-melanoma mouse IgG3
monoclonal antibody r24. Biotechnol Bioeng 2003, 83:321-334.

2. Usami A, Ohtsu A, Takahama S, Fujii T: The effect of pH,
hydrogenperoxide and temperature on the stability of a human
monoclonal antibody. J PharmBiomed Anal 1996, 14:1133-1140.

doi:10.1186/1753-6561-7-56-P85

Cite this article as: Hakemeyer et al: Characterization of the influence of
cultivation parameters on extracellular modifications of antibodies
during fermentation. BMC Proceedings 2013 7(Suppl 6):P85.




	Introduction
	Results
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


