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There is a growing trend in the biotherapeutics field to develop molecules with a high degree of multivalency. 
This can be useful for receptor clustering, T-cell recruiting, agonist activation, and half-life extension. However, 

many of the currently available “molecular scaffolds” are polymer-based and raise obvious concerns with respect 
to biocompatibility and the accumulation of by-products. In contrast, protein-based scaffolds offer an attractive, 
“natural” alternative for modifying therapeutic agent properties and functionality. Ferritin is a ubiquitous protein 
found in most cell types of humans in addition to invertebrates, higher plants, fungi and bacteria; its primary 
function is to store iron (1). In mammals, ferritins are composed of 24 subunits that form an icosahedron with 
an external diameter of ~12 nm and an overall MW of ~474 kDa (2). Ferritin and its derivatives have already 
demonstrated their utility as “molecular cages” for applications in drug delivery (3,4). In addition, ferritin can be 
easily coupled covalently to biomolecules through the presence of multiple surface-exposed lysine residues (5). Site 
directed mutagenesis and the introduction of new amino acid residues create even more opportunities to introduce 
new functionality (6). Here, we present preliminary results describing the development of antibody fragment (Fab)-
ferritin conjugates. In this first step, a strategy was developed for the covalent attachment of multiple Fab units to the 
ferritin cage, yielding a conjugate with 24 Fabs per ferritin cage (i.e. one Fab per subunit). Following optimization 
of the conjugation strategy, an in-depth characterization of the conjugates was performed using multiple techniques 
– including DLS, SEC-MALS, LC/MS, viscosity measurements, and target activity. The results confirmed that Fab-
ferritin conjugation was successfully achieved. In addition to the possible modification of Fab elimination kinetics in 
vivo and the potential for more prolonged therapeutic effect, the conjugates may offer other attributes well-suited for 
drug delivery applications that require multivalency.

Recent Publications
1. Theil EC. Ferritin: structure, gene regulation, and cellular function in animals, plants, and microorganisms. 

Annu Rev Biochem. 1987;56:289–315. 

2. Finazzi D, Arosio P. Biology of ferritin in mammals: an update on iron storage, oxidative damage and 
neurodegeneration. Arch Toxicol. 2014 Aug 15;88(10):1787–802. 

Whitney Shatz et al., Pharmaceut Reg Affairs 2019, Volume 8

Figure 1. Schematic of ferritin conjugation with icosahedron ferritin depicted in 
purple, a single subunit in yellow and with addition of Fab in green.
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