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Abstract: Glycoconjugate vaccines are essential tools for preventing bacterial infectious diseases. Currently
licensed glycoconjugate vaccines are produced through a stepwise process that involves the extraction of native
polysaccharide antigens, purification of carrier proteins, and subsequent in vitro chemical conjugation. In recent
years, the rapid advancement of emerging technologies such as synthetic biology has driven the development of
innovative strategies for designing and manufacturing glycoconjugate vaccines. This review highlights progress in
two representative technologies: protein glycan coupling technology (PGCT) and cell-free glycoprotein synthesis
(CFGpS). It also briefly explores additional emerging approaches in glycoconjugate vaccine development, including
generalized modules for membrane antigens (GMMA), semi-synthetic glycoconjugate vaccines, non-covalent
coupling strategies, and click chemistry-based conjugation using non-natural amino acids. Looking ahead, advance-
ments in artificial intelligence (Al) are expected to accelerate the computational design and engineering of oligosac-
charyltransferases and carrier proteins, ultimately improving the immunogenicity and manufacturing efficiency of
next-generation glycoconjugate vaccines.
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Figure 1 Representative strategies in the development of glycoconjugate vaccine technologies. LPS: Lipopolysaccharide
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Table 1

Glycoconjugate vaccines produced by emerging technologies in clinical development. rEPA: Recombinant exoprotein A; TT:

Tetanus toxoid; CRM197: Cross-reactive material 197; PGCT: Protein glycan coupling technology; GMMA: Generalized modules for

membrane antigens; OMV: Outer membrane vesicles

Pathogen Polysaccharide Non—?ugar Ii’hiase Of, Company Technical type Ref.
moiety clinical trial
Shigella O-polysaccharides of S. flexneri 2a rEPA Phase IIb Limmatech Biologics PGCT [8]
NCT02646371
O-polysaccharide of S. dysenteriae 1 ~ rEPA Phase I Limmatech Biologics PGCT [9]
NCT01069471
O-polysaccharide of S. sonnei oMV Phase IIb GSK GMMA [10]
NCT03527173
O-polysaccharides of S. flexneri rEPA Phase IIb Limmatech Biologics PGCT [11]
2a, 3a, and 6, and S. sonnei NCT06615375
O-polysaccharides of S. flexneri 2a TT Phase II Institute Pasteur Semi-synthetic [12]
NCT04602975 glycoconjugate
vaccines
O-polysaccharides of S. flexneri OMV Phase 11 GSK GMMA [13]
1b, 2a, and 3a and S. sonnei NCT06663436
Streptococcus  Capsular polysaccharide of rEPA Phase | Limmatech Biologics PGCT [14]
pneumoniae serotype 12F NCT03303976
Capsular polysaccharides of 24 CP1 Phase 1T Affinivax Multiple antigen [15]
serotypes fusion protein ~ NCT03803202 presenting system
Capsular polysaccharides of 24 eCRM197 Phase II Vaxcyte Click chemistry-based [16]
serotypes NCT05297578 conjugation via non-
natural amino acids
Salmonella O-polysaccharides of S. typhimurium OMV Phase I/1la GSK GMMA [17]
and Salmonella enteritidis NCT05480800
Vi-capsular polysaccharide of CRM197 Phase | Matrivax Protein capsular [18]
S. Typhi NCT03926455 matrix vaccine
Extraintestinal ~ O-polysaccharides of serotypes rEPA Phase 11 Janssen Research & PGCT [19]
pathogenic 1A, 2, 6A, and 25B NCT02546960  Development, LLC
Escherichia coli O-polysaccharides of 9 serotypes rEPA Phase II1 Janssen Research & PGCT [20]
NCT04899336  Development, LLC
O-polysaccharides of 10 serotypes rEPA Phase I/lia Janssen Research & PGCT [21]
NCT03819049  Development, LLC
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PR OPS & A 55 5 K] (whbH-whbL J& [H #%), M1 58
I GMMA 1 22 0 “URCHE 3G 727 RO 1) el J5 1ok
T, T N % 58 B AR B O1 F1 02 1) O-it Jift 2 bl Ak
W& LA, KB T glyOMV P & [ “ FIRRIE "%
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PEH R, NZ WS BB RITRE T — 240
FEAR . PB BORE R I &S BRI A S T
il &R E R BUR B R e S Sk E B A5,
UGG P P I — PR B (B 4). ML 407k
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Ji 2 58 4% 8 I Ak 2 A R AR I, AN G T B R
RIS A Ty >R 1 A 0 22 4 RIS, I HL A 06 18 3k A5 1 1
25 22 W 1) &5 46 RV B A BN Y K R SR B 2 i T 2 — 1
A ZCPET i A B S BLURE T AR 2 Quimi-
Hib %2 1 (1) BN A, FER F AL 7 6 i) 8 SR A% B 2k -
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Skt Wi R E A M, a7 AN TEE s
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