
Protein-based drugs are amazingly effective, but solution instability of proteins means these 
therapeutics require costly refrigeration, impeding their accessibility [1,2]. Drying can increase 
stability, but most proteins do not withstand dehydration [3]. Protective molecules, excipients, 
are often added to safeguard proteins during drying [4,5]. Formulation, however, is empirical 
and of varying efficacy due to a paucity of high-resolution information about dry proteins; we 
do not fully understand the mechanism(s) of protection [4,6]. 
 To solve this problem, we developed Liquid-Observed Vapor Exchange (LOVE) NMR, a 
technique that reports on dry protein structure at the residue level [7]. Using LOVE NMR, we 
showed that dry proteins comprise an immobile but diverse conformational ensemble [7]. We 
also showed that electrostatic interactions and disorder are important for protection by 
desiccation-tolerance proteins from a tardigrade and a midge [8]. 
 We will describe our recent efforts on protection by sugars, including trehalose, a well-

known excipient [9,10]. We will also present data on new client proteins that allow us to apply 
both LOVE NMR and activity assays, enabling investigation of both structure and function. Such 
efforts elucidate mechanisms of dehydration protection, allowing rational design of excipient 
formulations and making protein products more affordable and accessible [11]. 
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