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Background
CHO cells are the primary host for the production of
different biopharmaceuticals, including recombinant
proteins, monoclonal antibodies, vaccines, etc. Primarily
due to their ability to perform properly folding and gly-
cosylation processes required for these proteins acquire
adequate biological functionality.
However, culturing of these cells in the bioreactor still

presents a number of disadvantages, among which can
be mention: nutrient depletion, toxic byproducts accu-
mulation, limited oxygen transfer, etc. These issues limit
the cell growth and early onset of programmed cell
death, which restricts the longevity of cultures and
jointly specific productivity of recombinant protein.
To overcome these limitations, different approaches

have been made to maximize the productivity of these
cultures. One of these approaches, that has gained
importance during the last 20 years is the use of mild
hypothermic temperatures, within a range of 33°C to 30°
C. This strategy has been demonstrated to reduce the
rate of growth and metabolism of cells but in turn
increases the longevity of cultures and increase in speci-
fic productivity of a wide range of recombinant proteins
in batch cultures [1,2].
One possible cause involved in the increase of specific

productivity of recombinant proteins, is the increase in
folding capacity and expression of chaperones from
endoplasmic reticulum [3,4]. However, the intracellular

mechanisms underlying the effect of temperature on the
stages of post-translational protein synthesis are still
poorly understood.
In this regard, the study of endoplasmic reticulum

processes (folding, assembly and glycosylation of pro-
teins, and degradation of misfolded proteins through
ERAD pathway) has reached a high interest in recent
years [4,5]. Reports show that the expression of several
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Table 1 Intracellular rht-PA content (% of control) on
CHO cells by inhibition of translation and glycosylation
prosesses and ERAD I and II pathways at 37°C and 33°C.

Dilution rate (h-1)

0.014 0.012

Temperature Temperature Temperature

Batch
Cultures

37°C 33°C Continuous
Cultures

37°C 33°C 37°C 33°C

CC 1001 1002 SS 1003 1004 1005 1006

TM* 107 140 CHX/ERAD I** 120 117 185 139

TM/ERAD
I*

87 201 CHX/ERAD
II**

107 115 242 150

TM/ERAD
II*

79 176

CC: Control Culture; TM: Culture inhibited glycosylation; TM/ERAD I or II:
Culture inhibited glycosylation and ERAD I or II; SS: Steady State; CHX/ERAD I
or II: Culture inhibited translation and ERAD I or II; *Values at 24 hours after
perturbation with inhibitors respect to CC value at 0 h. **At 48 hours after
perturbation with inhibitors respect to value at SS.
1Concentration (8,8 ng/106 cells).
2Concentration (8,6 ng/106 cells).
3Concentration (7,9 ng/106 cells).
4Concentration (6,5 ng/106 cells).
5Concentration (4,2 ng/106 cells).
6Concentration (6,1 ng/106 cells).

Vergara et al. BMC Proceedings 2013, 7(Suppl 6):P108
http://www.biomedcentral.com/1753-6561/7/S6/P108

© 2013 Vergara et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

mailto:Claudia.altamirano@ucv.cl
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


proteins associated with the various processes that take
place in the ER, are affected under conditions of mild
hypothermia. However, this phenomenon has not been
analyzed from a process perspective.
Thus, this study investigated the effect of mild

hypothermic temperatures (33°C) on the process of pro-
tein folding of rht-PA expressed in CHO cells. For this,
inhibitors of protein translation, glycosylation and endo-
plasmic reticulum associated degradation pathways
(ERAD I: via the ubiquitin/proteasome and ERAD II:

autophagosome/Lysosome) were used. Two experimen-
tal approaches were evaluated: batch culture and contin-
uous culture.

Materials and methods
Batch Culture
CHO cells were cultured in HyClone SFM4CHO med-
ium with out glucose, supplemented with 20 mM glu-
cose, at 95% relative humidity in an atmosphere of 5%
CO2, at temperatures of 37°C or 33°C. The inhibitors

Figure 1 First principal plane and Loads of first and second principal component of Batch and Continuous cultures. A: First principal
plane of Batch culture B: First principal plane of continuous culture; C: Loads of first and second principal component of Batch cultures. D:
Loads of first and second principal component of Continuous cultures.
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used to block processes in the endoplasmic reticulum
were: cycloheximide (Sigma, C4859)-protein translation;
tunicamycin (Sigma, T7765)-N-glycosylation of proteins,
MG132 (Merck, 474790)-ERAD I pathway; Pepstatin A
(Merck, 516485), Leupeptin (Merck, 108976) and E64d
(Sigma, E8640)-ERAD II pathway.

Continuous culture
The bioreactor was inoculated and operated in batch-
mode during 48 h and it was then supplied with sterile
feed throughout the period of operation. A series of
four experiments was performed, in duplicate, at 37°C
or 33°C, keeping D, at 0.014 and 0.012 h-1. Cultures
were considered to reach steady-state (SS) when, after at
least four residence times, both, the number of viable
cells and lactate concentration, were constant in two
consecutive samples.
Cell growth was measured by counting cells by trypan

blue method; consumption and production of metabo-
lites were measured by biochemical analyzer (YSI 2700);
protein rht-PA was measured by ELISA (Trinilize tPA
antigen) and enzymatic activity of the protein was mea-
sured by amidolytic assay (S-2288 peptide, Chromogenix
Italy). The results were analyzed by the mathematical
technique of PCA (Principal Component Analysis).

Results
The results of the batch cultures may indicate that the
process of protein folding is sensitive to mild hypother-
mia. Inhibition of glycosylation process and ERAD
pathways (ERAD I or II), under conditions of low tem-
perature, promotes the accumulation of intracellular
deglycosylated rht-PA as shown in Table 1. This
response may indicate that the protein folding process is
attenuated under conditions of mild hypothermia, pro-
moting unfolded protein degradation by both ERAD
pathways in CHO cells.
Recent reports [6,7] show that the effect of mild

hypothermia condition in batch culture is associated
predominant with a decrease on specific cell growth rate
rather a decrease on culture temperature. To evaluate
this fact, we carried out continuous cultures at different
dilution rates.
These results show that the degradation of the protein

would be more related to the decrease in specific growth
rate than the temperature decrease. Also show that the
temperature decrease would promote an increase in
protein folding capacity of the endoplasmic reticulum.
This fact is clearly observed at low specific growth rate
(Table 1).
The cell behavior was evaluated using the technique of

principal component analysis (PCA) in both, batch and
continuous culture Figure 1.

The first principal plane (PC1 axis and PC2 axis) of
batch cultures (Figure 1A) shows that there are only
two values whose behavior is significantly away from the
origin (P < 0,05). These correspond to the behavior of
the tested batch cultures at 24 h at 37°C and 33°C,
respectively. This indicates the great influence of culture
temperature on cell behavior. The first principal plane
of continuous culture (Figure 1B) shows the behavior of
cells organized into two major groups, which are corre-
lated with both dilution rates tested.
PC1 loads of batch cultures (Figure 1C) suggest that

low temperature reduces the ability of the protein fold-
ing; this would explain the accumulation of intracellular
deglycosylated rht-PA. However, loads of PC1 from con-
tinuous cultures (Figure 1D) shows that increasing of
intracellular rht-PA content is associated with the
reduction in the rate of dilution and is not associated
with a lower temperature.

Conclusions
Experimental approach of continuous culture revealed
that reduction on specific growth rate is associated to
an increase ERAD activity on rht-PA while the tempera-
ture reduction may have a positive effect on protein
folding. Moreover, PCA analysis indicated that specific
growth rate is also responsible for general behavior
exposed by CHO cells.

Authors’ details
1Escuela Ingeniería Bioquímica, Pontificia Universidad Católica de Valparaíso,
Valparaíso, 2362806, Chile. 2Centro Regional En Alimentos Saludables
(CREAS), Valparaíso, 2340025, Chile. 3Instituto Química, Pontificia Universidad
Católica de Valparaíso, Valparaíso, 2340025, Chile. 4Centro de Biotecnología,
Universidad Técnica Federico Santa María, Valparaíso, 2390123, Chile.
5Department of Chemical and Biomolecular engineering, RICE University,
Houston, 77055, USA.

Published: 4 December 2013

References
1. Yoon SK, Song JY, Lee GM: Effect of low culture temperature on specific

productivity, transcription level, and heterogeneity of erythropoietin in
Chinese hamster ovary cells. Biotechnol Bioeng 2003, 82:289-298.

2. Bollati-Fogolín M, Forno G, Nimtz M, Conradt HS, Etcheverrigaray M,
Kratje R: Temperature reduction in cultures of hGM-CSF-expressing CHO
cells: effect on productivity and product quality. Biotechnology Progress
2005, 21:17-21.

3. Baik JY, Lee MS, An SR, Yoon SK, Joo EJ, Kim YH, Park HW, Lee GM: Initial
Transcriptome and Proteome Analyses of Low Culture Temperature-
Induced Expression in CHO Cells Producing Erythropoietin. Biotechnol
Bioeng 2006, 93:361-371.

4. Masterton RJ, Roobol A, Al-Fageeh M, Carden M, Smales CM: Post-
Translational Events of a Model Reporter Protein Proceed With Higher
Fidelity and Accuracy Upon Mild Hypothermic Culturing of Chinese
Hamster Ovary Cells. Biotechnol Bioeng 2010, 105:215-220.

5. Gomez N, Subramanian J, Ouyang J, Nguyen M, Hutchinson M, Sharma VK,
Lin AA, Yuk IH: Culture Temperature Modulates Aggregation of
Recombinant Antibody in CHO Cells. Biotechnol Bioeng 2012, 109:125-136.

6. Becerra S, Berrios J, Osses N, Altamirano C: Exploring the effect of mild
hypothermia on CHO cell productivity. Biochem Eng J 2012, 60:1-8.

Vergara et al. BMC Proceedings 2013, 7(Suppl 6):P108
http://www.biomedcentral.com/1753-6561/7/S6/P108

Page 3 of 4



7. Vergara M, Becerra S, Berrios J, Osses N, Reyes J, Rodríguez-Moyá M,
Gonzalez R, Altamirano C: Differential effect of culture temperature and
specific growth rate on CHO cell behavior in continuous culture. Bioch
Eng J 2013, submitted.

doi:10.1186/1753-6561-7-S6-P108
Cite this article as: Vergara et al.: Protein folding and glycosylation
process are influenced by mild hypothermia in batch culture and by
specific growth rate in continuous cultures of CHO cells producing rht-
PA. BMC Proceedings 2013 7(Suppl 6):P108.

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

Vergara et al. BMC Proceedings 2013, 7(Suppl 6):P108
http://www.biomedcentral.com/1753-6561/7/S6/P108

Page 4 of 4


	Background
	Materials and methods
	Batch Culture
	Continuous culture

	Results
	Conclusions
	Authors' details
	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


