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Gellan gum is a linear anionic polysaccharide widely employed as a model hydrogel-

forming polymer and as a functional biomaterial. Depending on the acylation degree, it 

exists in two main forms: high-acyl (HA-Gg) and low-acyl (LA-Gg), which produce 

networks with different mechanical properties. Despite extensive macroscopic 

characterization, the molecular mechanisms by which acyl substituents regulate gelation 

remain poorly understood. Here we combine experiments and molecular dynamics 

simulations (MD) to elucidate how acyl substituents control the hierarchical assembly of 

gellan gum. This work builds upon previous studies that identified the two-step aggregation 

mechanism of LA-Gg helices and the rheological signatures of gellan-based networks, 

which revealed the central role of calcium-mediated inter-helix association in determining 

gel rigidity.1,2 Circular dichroism measurements show that, in dilute aqueous solution, HA-

Gg exhibits a pronounced tendency to form stable double helices even below the gelation 

threshold, whereas LA-Gg remains predominantly in a coil conformation. The addition of 

Ca²⁺ ions has only a minor influence on this behavior at low concentrations, indicating that 

acyl substituents intrinsically stabilize the helical state. In the gel phase, the two systems 

display markedly different network mechanics. LA-Gg forms rigid ionically crosslinked 

hydrogels characterized by a distinctive two-step yielding process, associated with 

sequential rupture of Ca²⁺ mediated inter-helix crosslinks followed by disruption of the 

double-helical domains.1,2 In contrast, HA-Gg forms softer and more elastic networks with 

a wide linear viscoelastic regime and without cooperative yielding. All-atom MD provide a 

microscopic interpretation of these observations. Glyceryl substituents reinforce intra-helix 

hydrogen bonding, stabilizing the double-helix structure, whereas acetyl and glyceryl 

groups introduce steric hindrance that limits calcium coordination and suppresses inter-

helix ionic bridging. Consequently, acylation strengthens the individual structural units 

while weakening supramolecular connectivity within the network. Overall, these results 

demonstrate that acyl substituents exert a dual hierarchical control over gellan gelation, 

balancing intra-helix stabilization and inter-helix crosslinking. This multiscale 

understanding provides a framework for rationally tuning the architecture and mechanics 

of polysaccharide-based networks for advanced hydrogel applications. 
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