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Cryptococcus neoformans is a pathogenic fungus that cause life-threatening 

infections in immunocompromised individuals, driven by virulence factors such 

as its antiphagocytic polysaccharide capsule, a complex cell wall that supports 

immune evasion and stress resistance, and melanin production that protects 

against oxidative damage. Solid-state NMR of intact Cryptococcus cells (Fig. 

1A) reveals five forms of α-1,3-glucans (Aa, Ab, Ac, Ad, and Ae) in its cell wall 

that structurally bridge melanin and capsule layers. These polysaccharides 

interact with chitin, chitosan, and β-glucans to create a molecular scaffold that 

underlies virulence and antifungal resistance. 

Dynamic nuclear polarization (DNP) solid-state NMR enabled the detection of a 

previously unidentified minor α-1,3-glucan, designated type-d α-1,3-glucan (Ad), 

which was not observable using conventional room-temperature NMR methods. 

The 13C/13C spectra with 100 ms dipolar-assisted rotational resonance (DARR) 

mixing  (Fig. 1B, left) and 15 ms proton assisted recoupling (PAR) mixing (Fig. 

1B, right) demonstrate that Ad represents a minor yet highly ordered α-1,3-

glucan form. These data further reveal that Ad colocalizes with type-a α-glucan 

(Aa), and that both glucan forms are physically associated with chitin 

microfibrils, collectively contributing to the structural integrity of the 

Cryptococcus cell wall. These results provide an in-depth understanding of the 

structural complexity of cryptococcal cell walls (Fig. 1C) and provide molecular 

insights that are essential for the development of effective antifungals against 

cryptococcosis.
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