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The remarkable range of functions carried out by membrane proteins as well as
soluble proteins results from only 20 building blocks - the 20 canonical amino acids -
together with a limited amount of additional chemistries arising from post-translational
modifications and cofactors. A huge number of approaches which can be
summarized as general ligation techniqgues and chemical aminoacylation of tRNASs,
have been pursued to address this limitation given by the natural repertoire to
generate proteins with enhanced or novel properties. Overcoming general restrictions
of these methods, the expansion of the genetic code provides a promising tool for the
efficient production of site-directed and chemoselective modified proteins enabling
the introduction of unnatural characteristics to mimic or further enhance protein
properties in vivo and in vitro. In this context, the cotranslational introduction of
chemoselective amino acid analogues during cell-free protein synthesis represents a
powerful tool to selectively equip proteins with desired characteristics. We have
successfully adapted an orthogonal tRNA/synthetase pair to a cell-free system
derived from cultured eukaryotic cells. In this system, we could demonstrate the
efficient cotranslational incorporation of alkyne as well as azide functionalities into
cell-free synthesized proteins in a site-directed manner by means of the amber
suppression methodology. Subsequently, site-directed modification of proteins with a
variety of different applicable reagents is possible. The in vitro translation system is
equipped with translocationally active microsomes originating from the endoplasmic
reticulum of insect cells. These microsomes provide the entire machinery for
additional post-translational modifications, e.g. glycosylation and lipidation of cell-free
synthesized proteins. Due to its high fidelity, this novel cell-free system provides a
promising platform for the synthesis and characterization of chemically modified and

functional proteins.
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