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Producing sufficient amounts or stable, properly folded protein is an essential prerequisite for protein crystallization, especially for
challenging targets such as membrane proteins. However many proteins in their native form show limited stability and are refractory
to expression in recombinant hosts. Over the last several years, ancestral sequence reconstruction has (ASR) emerged as a useful tool
by which protein engineers and crystallographers can obtain highly robust forms of proteins of interest, which are often also expressed
at relatively high levels in Escherichia coli. ASR involves inferring the ancestral state from an alignment of the sequences of extant
forms of a given protein family, an evolutionary tree that represents their phylogeny, and an amino acid substitution model. We have
developed a suite of software (GRASP: Graphical Representation of Ancestral Sequence Predictions) which enables the inference of
ancestral protein sequences from alignments of up to ~ 10000 sequences using maximum likelihood, joint or marginal reconstruction
methods. GRASP has been exemplified using several families of eukaryotic cytochrome P450 enzymes, membrane-bound,
haemoprotein monooxygenases that have typically been challenging to express and crystallise. To date ASR has enabled expression of
ancestral eukaryotic P450s at levels up to ~ 7 uM in E. coli cultures (~350 mg/L culture) leading to the successful crystallization of
representative enzymes from several P450 subfamilies. While the resurrected ancestral proteins may not be identical to the extant
proteins of principal interest, crystallization of ancestral homologues can provide insights into the structure of a protein family,
including how to stabilize the protein fold. In addition, ancestors provide a robust and relevant template for structure function studies
as well as protein engineering. When applied to previously uncharacterized sequences, ASR could enable the discovery of new folds
and accelerate the functional and structural annotation of sequence-structure-function relationships in novel protein families.
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