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Abstract 
Ongoing improvement of the conjugate vaccines against S. pneumoniae remains relevant due to the changes in the circulating pneumococcal serotypes. Despite of the achievements in conjugate design, the development of highly effective vaccines requires individual conjugation approaches for certain pneumococcal capsular polysaccharide. The carbodiimide condensation method using adipic acid dihydrazide (ADH) as a spacer is one of the common approaches for synthesis of such conjugates. However, this technique can promote the formation of intramolecular crosslinking, thereby decreasing the efficiency of conjugate. Alternative approaches, such as azide-alkyne cycloaddition, allow avoiding intramolecular crosslinking owing to bioortogonal site-specific interactions.
We modified capsular polysaccharides of S.pneumoniae types 9N (Ps9N) and 3 (Ps3) with ADH and propargylamine (PA) in different molar ratios between polysaccharide and a spacer. Immunochemical activity of the modified Ps9N changed insignificantly in all cases, while Ps3 derivatives were considerably different from its native form. Further immunorecognition examinations of Ps-antigens were conducted after conjugation of Ps-ADH and Ps-PA derivatives with tetanus toxoid. The studies showed that Ps9N modification with 100-fold molar excess of ADH was sufficient for effective coupling with carrier, while Ps3 should be treated with 1000-fold ADH excess. We optimized the procedure of azide-alkyne cycloaddition and showed that 1mM Cu (I) as a catalyst promotes effective conjugate formation, whereas reaction time (1-24 h) doesn't affect the yield. Animal studies revealed high immunogenicity in mice and promotion of faster S.pneumoniae elimination from mouse lungs after intranasal infection. 
In this work we propose some new considerations regarding the synthesis of pneumococcal polysaccharide conjugates, which can help in further vaccine development. We also emphasize that the safety of native polysaccharide structure should be immunochemically monitored for prognosis of conjugates bioefficacy.
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