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Abstract

Cultured mammalian cells are the primary source of biologics. Cellular metabolism has a significant impact on the performance of these cell culture
processes in terms of both productivity and product quality attributes. The primary carbon source for cellular biosynthesis and energy generation is
glucose. Recent advances in our understanding of the regulation of glucose metabolism in cultured cells are summarised here. Allosteric regulation
of the metabolic network, interplay between signalling pathways, and transcription factors enable cells to maintain homeostatic states in widely
varying environments. Understanding metabolism regulation holds the key to changing the metabolic regulatory circuit and implementing direct

metabolic control over cell culture processes.
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Introduction

In the last decade, therapeutic protein-based pharmaceuticals have grown
to a billion industries. The value of these hiologics will rise further over the
next decade as new products are approved and demand for biosimilars grows.
Almost all of those protein biologics are created in mammalian cell culture.
Chinese hamster ovary cells, mouse myeloma-derived NSO and SP2/0 cells,
baby hamster kidney cells, and human embryonic kidney cells are notable
examples [1].

As the demand for protein therapeutics grows, so does the need for highly
productive and robust manufacturing processes. The energy metabolism of
the producing cell influences its productivity and product quality. A trove of
process data has linked CHO cell productivity to glucose metabolism. The
glycan structure added to the protein molecule post-translationally is a major
quality index of protein therapeutics. A biosimilar's glycosylation pattern, or
the composition and structure of glycans attached to the protein, must be
compatible with the innovative drug that it seeks to replace. Because the
supply of monosaccharide precursors derived from metabolic pathways affects
the glycosylation pattern of a therapeutic protein, energy metabolism can have
a significant impact [2].

Glycolysis has a major entry point and two exit points at the cellular
level: the transporters for glucose uptake lactate excretion (and sometimes
uptake), and pyruvate entry into mitochondria. Cells divert glucose carbons to
the pentose phosphate pathway (PPP) and the synthesis of serine, alanine,
glycerol phosphate, and other compounds. However, the magnitude of these
fluxes is less than that of lactate and pyruvate. Finally, the uptake and exit
fluxes of glucose must be balanced, and the flux through glycolysis must be
maintained by glycolysis enzymes. The glycolysis flux varies greatly. Cancer
cells stem cells, and other rapidly growing cells have a high glycolysis rate,
whereas quiescent cells have a low glycolysis rate in general [3].
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Phosphoribosylaminoimidazolesuccinocarboxamide (SAICAR), a purine
biosynthesis intermediate, only stimulates the M2 isoform of PK. SAICAR
accumulates in cells during acute glucose deprivation, increasing its binding to
PKM2. PKM2 has a lower intrinsic activity and a higher KM for PEP than PKM1.
The increased SAICAR binding reduces the KM for PEP and increases PKM2
activity, resulting in more glucose flux into mitochondria for ATP synthesis.
Under glucose-limited conditions, such a mechanism has been shown to
promote cancer cell survival [4].

In this review, we summarised recent advances in the regulation of
glucose metabolism and attempted to provide a comprehensive view of
allosteric regulation at the enzyme level as well as regulation via signalling
pathways and transcription factors. Overall, it is clear that metabolic regulation
is not centred on one or two enzymes, but rather is regulated at the pathway
level, regardless of the type of regulation (allosteric, signalling pathway, or
transcription factor). We concentrated on factors that have a significant impact
on the nonlinear kinetic behaviour of glycolysis. Furthermore, due to space
constraints, we were unable to address some recent advances. In response
to specific physiological stimuli, some glycolytic enzymes and/or membrane
transporters form supramolecular complexes [5].

Discussion

Bioprocess culture environments are far more complex than laboratory
conditions. Over the last decade, process intensification efforts have increased
the concentration of nutrients and metabolites to levels far above physiological
levels. As a result, the response of glycolysis flux to nutrient and metabolite
concentrations becomes more complex and difficult to predict. Because
metabolic regulation is highly nonlinear, a systems approach is required to
better understand the cellular response to a changing environment. Many
researchers, including ourselves, have used systems modelling to study cell
metabolism in mammalian cells [6].

All of the new insights into cellular regulation discussed in this article
were obtained through the study of cultured cells. Mammalian cells used to
make biopharmaceuticals express a similar set of metabolic enzymes and
proteins. The regulatory mechanisms discussed in this review are most likely
at work in all of these cells, but several questions remain unanswered. A better
understanding of the regulation of cell metabolism in industrially important cells
will almost certainly encourage the investigation of intrinsic control actions that
can aid in the development of strategies for optimising cell metabolism. With
recent advances in genome engineering, it will be possible to engineer these
cells in order to change their metabolic regulation and increase their utility in
bio-manufacturing.
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Activity of kinase AMPK activation has been shown to activate catabolic
pathways that generate energy. AMPK's regulatory effects are discussed in
detail. Few studies have looked into the role of AMPK in mammalian cell lines
used for protein production. Chong et al. discovered that when exposed to
adenosine, a CHO producer cell line displayed dynamic AMPK activity. This
indicates that the AMPK pathway components are present in CHO cells. Cells
are almost never exposed to energy source limitation conditions in bioprocess-
relevant culture conditions. As a result, the practical significance of the AMPK
pathway in a bioprocessing setting is unclear [7].

Conclusion

Many cellular stimuli, such as glucose or oxygen deprivation and
mitochondrial uncouples, increase ATP consumption and activate AMPK.
AMPK has an antagonistic relationship with mTORC1. When ATP levels are
low, AMPK phosphorylates TSC2 and Raptor, which inhibits mTORC1 activity.
Suppression of mTORC1 activity inhibits anabolic processes such as cell
growth, protein synthesis, and lipid synthesis. AMPK, in addition to regulating
mTORC1, directly inhibits ATP-consuming anabolism by phosphorylating
enzymes or regulatory proteins. For example, AMPK activation causes the
fatty acid synthesis enzyme, acetyl-CoA carboxylase, the cholesterol synthesis
enzyme, HMG-CoA reductive (HMGCR), and the glycogen synthesis enzyme,
glycogen synthase, to be phosphorylated and inactivated.

Acknowledgement

None.

Conflict of Interest

There is no conflict of interest by author.

Page 2 of 2

References

1. Kalsbeek, Andries, Susanne la Fleur and Eric Fliers. "Circadian control of glucose
metabolism." Mol Metab 3 (2014): 372-383.

2. Simonson, Donald C., Eleuterio Ferrannini, Stefano Bevilacqua and Douglas Smith,
et al. "Mechanism of improvement in glucose metabolism after chronic glyburide
therapy." Diabetes 33 (1984): 838-845.

3. Shaw, Reuben J. "Glucose metabolism and cancer." Curr Opin Cell Biol 18 (2006):
598-608.

4. Tasali, Esra and Mary SM Ip. "Obstructive sleep apnea and metabolic syndrome:
Alterations in glucose metabolism and inflammation." Proc Am Thorac Soc 5
(2008): 207-217.

5. Vi, Chun-Xia, Mireille J. Serlie, Mariette T. Ackermans and Ewout Foppen, et al. "A
major role for perifornical orexin neurons in the control of glucose metabolism in
rats." Diabetes 58 (2009): 1998-2005.

6. Balk, Ethan M., Athina Tatsioni, Alice H. Lichtenstein and Joseph Lau, et al. "Effect
of chromium supplementation on glucose metabolism and lipids: A systematic
review of randomized controlled trials." Diabetes care 30 (2007): 2154-2163.

7. Schwingshackl, L., B. Strasser and G. Hoffmann. "Effects of monounsaturated
fatty acids on glycaemic control in patients with abnormal glucose metabolism: A
systematic review and meta-analysis." Ann Nutr Metab 58 (2011): 290-296.

How to cite this article: Zhang, Henggui. “Glucose Metabolism Control.” J

Bioprocess Biotech 13(2023): 562.



https://www.sciencedirect.com/science/article/pii/S2212877814000684
https://www.sciencedirect.com/science/article/pii/S2212877814000684
https://diabetesjournals.org/diabetes/article-abstract/33/9/838/6983
https://diabetesjournals.org/diabetes/article-abstract/33/9/838/6983
https://www.sciencedirect.com/science/article/pii/S095506740600158X
https://www.atsjournals.org/doi/abs/10.1513/pats.200708-139mg
https://www.atsjournals.org/doi/abs/10.1513/pats.200708-139mg
https://diabetesjournals.org/diabetes/article-abstract/58/9/1998/24124
https://diabetesjournals.org/diabetes/article-abstract/58/9/1998/24124
https://diabetesjournals.org/diabetes/article-abstract/58/9/1998/24124
https://diabetesjournals.org/care/article-abstract/30/8/2154/28549
https://diabetesjournals.org/care/article-abstract/30/8/2154/28549
https://diabetesjournals.org/care/article-abstract/30/8/2154/28549
https://www.karger.com/Article/Abstract/331214
https://www.karger.com/Article/Abstract/331214
https://www.karger.com/Article/Abstract/331214

