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Background
Glutamine is an essential component in culture media
for most of the mammalian cell lines. It is often used as
an alternative source of energy by cells, along with glu-
cose. Glutamine metabolism induces ammonia accumu-
lation in cell culture. Elevated ammonia concentration
above 2 mM has been shown to have negative impact
on both cell growth and recombinant protein productiv-
ity [1-4]. In this study we investigated the effects of
decreased glutamine concentration in the medium for
CHO-DG44 and HEK-293E cells during transient gene
expression (TGE). The rationale was to reduce ammonia
accumulation in the culture, and consequently, improve
cell viability and recombinant protein productivity.

Materials and methods
CHO-DG44 transfection
The cells were centrifuged and resuspended in Pro-
CHO5 medium (Lonza, Verviers, Belgium) at a density
of 5x106 cells/mL in orbitally shaken 250 ml glass bot-
tles. Each transfection was performed in 100 mL of cul-
ture using 0.6 µg of plasmid DNA and 3.0 µg of linear
25 kDa polyethyleneimine (PEI, Polysciences, Eppelheim,
Germany; pH 7) per million cells. The transfected cul-
tures were incubated at 31 °C in 5% CO2 and 85%
humidity with agitation at 120 rpm.

HEK-293E transfection
The cells were centrifuged and resuspended at density of
20x106 cells/mL in RPMI 1640 medium. Each transfec-
tion was performed in 100 mL of culture using 1.5 µg of

plasmid DNA and 3.0 µg of linear 25 kDa PEI per 106

cells. Three hours post-transfection, cells were diluted
with Ex-Cell293 medium (Sigma, Saint-Louis, USA) to a
density of 2x106 cells/mL, and valproic acid was added
to a final concentration of 3.75 mM. The transfected
cultures were incubated at 37 °C in 5% CO2 and 85%
humidity with agitation at 120 rpm.

Stable Clone and Pool
A cell line and cell pool expressing anti-Rhesus IgG was
kindly provided by Tatiana Benavides from our lab. Cell
line was established by transfection of plasmid contain-
ing both light and heavy chain into CHO-DG44 cells,
followed by flow cytometer sorting and limiting dilution.
Cell pool was established by transfection of plasmid
containing both light and heavy chain into CHO-DG44
cells, followed by selection under puromycin for two
weeks.

Metabolic analytes and IgG levels
The levels of glucose, glutamine, ammonium, and lactate
were determined with a BioProfile 200 Bioanalyzer
(Nova Biomedical Corp., Waltham, MA). The IgG con-
centration in the culture medium was determined by
sandwich ELISA as previously described [5].

Results
Low glutamine concentration improved transient IgG
production
Different concentrations of free glutamine in medium,
ranging from 0 mM to 6 mM were tested. Both cell
lines showed improved production of IgG with a
reduced glutamine concentration (Fig. 1 panel A). The
optimal concentration of glutamine in terms of IgG pro-
duction was 2 mM for CHO-DG44 cells and 0 mM for
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HEK-293E cells. We observed a 50% improvement in
IgG production for both CHO-DG44 and HEK293 cells.
We did not observe a significant difference on cell den-
sity or viability between the tested concentrations of
glutamine for both CHO-DG44 and HEK293 cells dur-
ing the entire course of the culture (data not shown).
Higher initial concentration of glutamine resulted in

higher concentration of ammonia, up to 5 mM for the
highest glutamine concentration tested (Fig 1 panel B).
Lactate accumulation in both CHO-DG44 and HEK-

293E cells was observed during the initial phase of the
cultures, while the cells were actively growing. In CHO-
DG44 cells, consumption of lactate started immediately
after its accumulation. In HEK-293E cells, lactate levels
remained either at a constant level or, in the absence of
glutamine, continued to increase over the entire culture
(data not shown). Glucose and glutamine consumption
rate remained unaffected under all the conditions tested.

Lower initial glutamine concentration improved stable
IgG production in growth-arrested stable CHO-DG44 cells
and pools
A stable cell clone and cell pool of CHO-DG44 cells
expressing IgG were cultivated in the presence of differ-
ent glutamine concentrations under mild hypothermia
conditions (31 °C). Both the clone and the cell pool
showed improved production of IgG with reduction in
glutamine concentration. The IgG titers were approxi-
mately 80% higher for the clone and 60% higher for the
pool at 0 mM glutamine, compared to titers obtained
with 6 mM glutamine (data not shown).

Conclusions
The effects of different concentrations of glutamine on
IgG production in growth arrested cells were

investigated. Recently published results show that CHO-
DG44 cells are arrested in G1 phase of the cell cycle
under mild hypothermia at 31 °C [6]. For HEK-293E cells
growth arrest was induced with VPA [7]. We conclude
that a lower glutamine concentration results in improved
transient antibody titers in CHO-DG44 and HEK-293E
cells mainly due to lower accumulation of ammonia in
the culture, which has previously been shown to have a
negative impact on cellular productivity [1-4]. Glutamine
reduction also had a positive impact on recombinant IgG
production in a stable clone and a pool of recombinant
CHO-DG44 cells at 31°C. These data suggest that this
strategy may be successful in both transient and stable
gene expression processes under conditions of growth
arrest.

Acknowledgments
We thank Tatiana Benavides and Mattia Matasci for providing the CHO clone
and pool. Part of this work was supported by the Swiss Innovation
Promotion Agency KTI/CTI of the Swiss Federal Department of Economic
Affairs (n. 10203.1PFLS-LS) under a collaboration with ExcellGene SA
(Switzerland).

Published: 22 November 2011

References
1. Canning WM, Fields BN: Ammonium chloride prevents lytic growth of

reovirus and helps to establish persistent infection in mouse L cells.
Science 1983, 219:987-988.

2. Hansen HA, Emborg C: Influence of ammonium on growth, metabolism,
and productivity of a continuous suspension Chinese hamster ovary cell
culture. Biotechnol Prog 1994, 10:121-124.

3. Ito M, McLimans WF: Ammonia inhibition of interferon synthesis. Cell Biol
Int Rep 1981, 5:661-666.

4. Reuveny S, Velez D, Macmillan JD, Miller L: Factors affecting cell growth
and monoclonal antibody production in stirred reactors. J Immunol
Methods 1986, 86:53-59.

5. Meissner P, Pick H, Kulangara A, Chatellard P, Friedrich K, Wurm FM:
Transient gene expression: recombinant protein production with

Figure 1 Effect of glutamine concentration on relative A) IgG production and B) Ammonia accumulation in CHO-DG44 cells and HEK-293E cells
under transient transfection conditions on day 7.

Rajendra et al. BMC Proceedings 2011, 5(Suppl 8):P35
http://www.biomedcentral.com/1753-6561/5/S8/P35

Page 2 of 3

http://www.ncbi.nlm.nih.gov/pubmed/6297010?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6297010?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7764523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7764523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7764523?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6168400?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3944469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3944469?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11536142?dopt=Abstract


suspension-adapted HEK293-EBNA cells. Biotechnol Bioeng 2001,
75:197-203.

6. Wulhfard S, Tissot S, Bouchet S, Cevey J, De Jesus M, Hacker DL, Wurm FM:
Mild hypothermia improves transient gene expression yields several fold
in Chinese hamster ovary cells. Biotechnol Prog 2008, 24:458-465.

7. Greenblatt DY, Vaccaro AM, Jaskula-Sztul R, Ning L, Haymart M,
Kunnimalaiyaan M, Chen H: Valproic acid activates notch-1 signaling and
regulates the neuroendocrine phenotype in carcinoid cancer cells.
Oncologist 2007, 12:942-951.

doi:10.1186/1753-6561-5-S8-P35
Cite this article as: Rajendra et al.: Influence of glutamine on transient
and stable recombinant protein production in CHO and HEK-293 cells.
BMC Proceedings 2011 5(Suppl 8):P35.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Rajendra et al. BMC Proceedings 2011, 5(Suppl 8):P35
http://www.biomedcentral.com/1753-6561/5/S8/P35

Page 3 of 3

http://www.ncbi.nlm.nih.gov/pubmed/11536142?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18220408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18220408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17766653?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17766653?dopt=Abstract

	Background
	Materials and methods
	CHO-DG44 transfection
	HEK-293E transfection
	Stable Clone and Pool
	Metabolic analytes and IgG levels

	Results
	Low glutamine concentration improved transient IgG production
	Lower initial glutamine concentration improved stable IgG production in growth-arrested stable CHO-DG44 cells and pools

	Conclusions
	Acknowledgments
	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


