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Organometallic catalysts are used in a wide range of industrially important reactions. By immobilizing such 
catalysts to a protein (Fig. 1), we can bring them into aqueous media, fine-tune activities and selectivities and 
overcome the challenges associated with trace metal removal in the product fraction [1, 2]. Trace metal removal 
is particularly important for the synthesis of pharmaceutical compounds. Typically, the transition metal content 
should be below 10 ppm. We have employed two types of metal catalysts, a Ru-based Grubbs-Hoveyda-type 
catalyst for olefin metathesis and a Rh-catalyst for phenylacetylene polymerization. These catalysts were 
covalently attached to either nitrobindin (NB) [3] or ferric hydroxamate uptake protein component: A (FhuA) [4] 
β-barrel proteins, yielding biohybrid catalysts (also denoted artificial metalloproteins) that can be immersed in 
aqueous reaction media either in their free form or immobilized to bacterial cells. Moreover, we could show that 
the metal catalysts can be immobilized on surfaces consisting of silica or polypropylene via peptide-based 
adhesion promoters, thereby enabling “green” surface immobilization strategies with the potential of catalyst 
recycling [5]. Either strategy yielded highly active catalysts that show great promise for single or sequential one-
pot reactions. Separation of products and the catalysts was readily achieved by extraction. With the potential to 
tune reaction efficiencies and selectivities by modifying either the metal catalyst or the protein surrounding, 
biohybrid catalysts bear great potential to amend or even substitute the repertoire of reactions available by 
organic synthesis and, likewise, biocatalysis. 

 

 

 
 
 
References: 
 
1. Sauer, D.F., et al., Olefin metathesis catalysts embedded in beta-barrel proteins: creating artificial 
metalloproteins for olefin metathesis. Beilstein J Org Chem, 2018. 14: p. 2861-2871. 
2. Schwizer, F., et al., Artificial Metalloenzymes: Reaction Scope and Optimization Strategies. Chem Rev, 
2018. 118(1): p. 142-231. 
3. Grimm, A.R., et al., A Whole Cell E. coli Display Platform for Artificial Metalloenzymes: 
Poly(phenylacetylene) Production with a Rhodium-Nitrobindin Metalloprotein. ACS Catalysis, 2018. 8(3): p. 
2611-2614. 
4. Sauer, D.F., et al., Biohybrid catalysts for sequential one-pot reactions based on an engineered 
transmembrane protein. Catalysis Science & Technology, 2019. 9(4): p. 942-946. 
5. Grimm, A.R., et al., Anchor Peptide-Mediated Surface Immobilization of a Grubbs-Hoveyda-Type 
Catalyst for Ring-Opening Metathesis Polymerization. Bioconjug Chem, 2019. 30(3): p. 714–720 
 

Figure 1 – Generation of Biohybrid catalysts by incorporating a metal catalyst into a protein scaffold. 


