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ABSTRACT:

Encapsulins (Enc) are virus-like particles and conserved prokaryotic compartments. They self-
assemble inside the cell from protein monomers and present a highly attractive platform for intracellular
compartmentalization of chemical reactions by design. The smallest representatives of Encs assemble
into 60-subunit icosahedral nanocompartments (~240 A) and are therefore the smallest example of
bacterial compartments identified to date. Enc nanocompartments usually have a 5-, 3-, or 2-fold
symmetry, where at each point of symmetry uncharged, positively charged, and negatively charged
pores are formed, respectively. Interestingly, co-expressed genes are targeted to the interior of Enc,
via a conserved c-terminal sequence. We have previously isolated the Enc orthologue from
Mycobacterium smegmatis and successfully installed non-natural guest proteins inside Enc.
Additionally, we investigate the covalent targeting of small molecules inside Enc, by co-expressing
HaloTag and a monomeric rizavidin variant. By equipping these guest-proteins with two synthetic
organometallic catalysts, encapsulin serves as a host for a fully bioorthogonal, linear, two-step reaction
cascade. A ruthenium catalyzed alloc deprotection is followed by a gold-catalyzed, ring-closing
hydroamination reaction leading to indoles and phenanthridines with up to 67 % overall yield in
aqueous solutions. We are able to perform this reaction cascade inside a proteinaceous capsid
opening up exciting possibilities in the field of designing artificial organelles with compartmentalized
reaction pathways or pro-drug activation purposes.
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