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Introduction 

Sialic acids represent a family of amino sugars with 9-carbons with over 50 members derived from N-acetylneuraminic acid Most 

mammals express N-glycolylneuraminic acid, the hydroxylated form of N-acetylneuraminic acid at position C5 [1]. However, 

humans express predominantly N-acetylneuraminic acid, due to a homozygous mutation in the CMP-neuraminic acid hydroxylase 

gene in the human genome. N-glycolylneuraminic acid is antigenic to humans is enriched in tumor cells and is originated most 

probably from the diet. This is an important issue since this is one of the reasons why the nonhuman N-glycolylneuraminic acid has 

to be avoided in any production process of recombinant therapeutic glycoproteins. This problem has been overcome recently by 

using antisense strategies to reduce the activity of the CMP-neuraminic acid hydroxylase in CHO cells [2]. The respective sialic 

acids possess different highly specific recognition and binding properties for a variety of cellular receptors. This structural and 

functional diversity of sialic acid is exploited by viruses, bacteria and toxins, and by the sialoglycoproteins and sialoglycolipids 
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involved in cell-cell, cell-matrix or molecular recognition. Sialic acid is only one component out of several monosaccharide’s 

building glycans of glycoproteins, but has an outstanding impact on the quality and stability of any therapeutic glycoproteins for 

several reasons: Terminal glucose residues are one of the major factors determining the serum half-life of glycoproteins. The serum 

half-life is regulated by the expression of liver asialo-glycoprotein receptors [3]. These receptors bind nonsialylated glycoproteins 

on free galactose residues and bound asialo-glycoproteins are removed from the serum.by endocytosis. As a consequence, 

expression of terminal sialic acid on galactose residues prevents serum glycoproteins from degradation. Sialic acids are important 

for masking antigenic determinants or epitopes.  It is known that the receptors of the immune system (T- and B-cell receptors) [4] 

often prefer nonsialylated structures. Therefore, the possibility of the generation of antibodies (neutralizing antibodies) against the 

therapeutic glycoproteins correlates with the degree of its sialylation. Negatively charged sialic acids influence protein-specific 

parameters such as the thermal stability the resistance to proteolytic degradation or its solubility [5]. 

Biosynthesis and Activation of Silica Acid 

Study area 

The initial reaction in the pathway to form free sialic acid is a conversion of UDP-N-acetylglucosamine (UDP-GlcNAc) to N-acetyl 

D-mannosamine (ManNAc) since the physiological precursor of all sialic acids is ManNAc [6]. ManNAc is formed from UDP-N-

acetylglucosamine (UDPGlcNAc) by epimerization of the hydroxyl-group in position 2 and cleavage of UDP by the UDP-

Nacetylglucosamine 2-epimerase. Cardini and Leloir originally discovered this enzyme in rat liver. All ManNAc produced by the 

UDP-Nacetylglucosamine 2-epimerase is metabolized to sialic acid. The biosynthesis of sialic acid is regulated by the feedback 

inhibition of the key enzyme of sialic acid biosynthesis, the UDP-Nacetylglucosamine 2-epimerase/ManNAc kinase (GNE). GNE is 

a bifunctional enzyme, which catalyzes the conversion of UDP-GlcNAc to ManNAc and the phosphorylation of ManNAc to 

ManNAc-6-phosphate [7-9]. The next step is a condensation of ManNAc-6-P and pyruvat resulting in sialic acid-9-phosphate by the 

N-acetyl-D-neuraminyl-9-phosphate synthase [10-13]. 

Summary 

Nearly each naturally eukaryotic secreted protein is a glycoprotein and therefore most therapeutic proteins in development are 

glycoproteins. Sialic acid is a crucial monosaccharide in mammalians. Especially in humans, glycans of glycoproteins determine 

functional properties of the respective protein. This review concentrates on the role of sialic acid and possibilities to increase the 

content of sialic acid during the production process of recombinant glycoproteins. Glycosylation and sialylation (as one part of the 

glycosylation) have different consequences on (therapeutic) glycoproteins and therefore one has to distinguish between 

glycosylation and sialylation. Glycosylation per se has major impact on solubility and resistance to proteolysis of glycoproteins. 

Glycosylation can be achieved by expressing the respective protein in a cell system, which is capable to glycosylate proteins, such 

as insect cells or mammalian cells like CHO. 

REFERENCES 

1. Gillet V.J. New directions in library design and analysis. Curr Opin Chem Biol. 2008;12:372-378. 

2. Schnur D.M. Recent trends in library design: ‘Rational design’ revisited. Curr Opin Drug Discov Devel. 2008;11:375-380. 

3. Wang M.The rapid discovery of engineered antibodies. IDrugs. 2007; 10: 562-565. 

4. Leader B, Baca Q.J. Protein therapeutics: A summary and pharmacological classification. Nat Rev Drug 

Discov. 2008;7:21-39. 

5. Apweiler R, Hermjakob H,Sharon N.On the frequency of protein glycosylation, as deduced from analysis of the SWISS-

PROT database.Biochim Biophys Acta. 1999;1473: 4. 

https://www.sciencedirect.com/science/article/abs/pii/S1367593108000380
https://onlinelibrary.wiley.com/doi/10.1002/9783527658985.ch12
https://khepri-node.dev.meta-infra.org/papers/the-rapid-discovery-of-engineered/17665332
https://www.nature.com/articles/nrd2399/
https://www.sciencedirect.com/science/article/abs/pii/S0304416599001658
https://www.sciencedirect.com/science/article/abs/pii/S0304416599001658


 

www.tsijournals.com | January-2022 

 

                                                                                                                                                                                                               

6.  Roth J.Protein N-glycosylation along the secretory pathway: Relationship to organelle topography and function, protein 

quality control, and cell interactions. Chem Rev. 2002;102:285-303.  

7. Mahal L.K.Glycomics: Towards bioinformatic approaches to understanding glycosylation.Anticancer Agents Med 

Chem. 2008;8:37-51. 

8. Solá R.J. Griebenow K. Effects of glycosylation on the stability of protein pharmaceuticals. J Pharm Sci. 2009;98(4):1223-

1245. 

9. Sinclair A.M, Elliott S. Glycoengineering: The effect of glycosylation on the properties of therapeutic proteins. J Pharm 

Sci. 2005;94:1626-1635. 

10. Brown D.Unfinished business: Target-based drug discovery. Drug Discov Today. 2007;12:1007-1012. 

11. Henck J, Byrn S. Designing a molecular delivery system within a preclinical timeframe. Drug Discov Today. 2007;12:189-

199. 

12. Li P, Zhao L. Developing early formulations: Practice and perspective. Int J Pharm. 2007;341:1-19. 

13. Stegemann S, Leveiller F, Franchi D, et al.When poor solubility becomes an issue: From early stage to proof of concept. 

Eur J Pharm Sci. 2007;31:249-261. 

 

 

https://onlinelibrary.wiley.com/doi/10.1002/chin.200220288
https://onlinelibrary.wiley.com/doi/10.1002/chin.200220288
http://anticanceragentsinmedicinalchemistry.com/articles/11166/-glycomics-towards-bioinformatic-approaches-to-understanding-glycosylation-
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2649977/
https://www.sciencedirect.com/science/article/abs/pii/S002235491631824X
https://www.sciencedirect.com/science/article/abs/pii/S1359644604033161
https://www.sciencedirect.com/science/article/abs/pii/S1359644607000463
https://www.semanticscholar.org/paper/Developing-early-formulations%3A-practice-and-Li-Zhao/d883b13134bedd6318bd868446a036142eee8d16
https://www.academia.edu/21347901/When_poor_solubility_becomes_an_issue_From_early_stage_to_proof_of_concept

