Establishing High-throughput Protein Structure Determination
Pipeline for Structural Genomics
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Genome projects provide comprehensive access to genomic sequence
information. The accumulation of sequence data has accelerated
significantly, currently 1,386 genome projects are under way,
sequences of 256 genomes have been completed, annotated, and
available to the public. Many aspects of protein function, including
molecular recognition, assembly and catalysis, depend on the 3D
atomic structure. Protein structural analysis also contributes to an
understanding of the evolutionary and functional relationships among
protein families that are not apparent from the genome sequences.
However, the structural coverage of proteins coded by new genomes
remains low. The structural genomics efforts were initiated to increase
structural coverage of proteomes in a rapid and cost-effective manner.
Structural genomics programs contribute several tools: (1)
comprehensive dictionary of high-resolution protein structures
determined experimentally by x-ray crystallography and nuclear
magnetic resonance (NMR); (2) comprehensive library of
recombinant protein expression clones representing protein structures
and functions; (3) methods for automated, HTP protocols of molecular
and structural biology; and (4) functional information derived from
structure.

Toward these goals the Midwest Center for Structural Genomics
(MCSG) has established a protein structure determination pipeline
using x-ray crystallography and synchrotron radiation. The current
MCSG pipeline integrates all essential experimental and
computational processes. Public databases of genomic sequences are
being analyzed and targets are selected for structural studies. The
MCSG pipeline generates well-characterized protein target expression
strains, produces milligram quantities of proteins and heavy-atom
labeled crystals. The cryoprotected crystals of x-ray quality are used
for data collection at the synchrotron beamlines and structure
determination using semi-automated SAD or MAD approach.
Structural models are auto-build and structures are refined, verified
and analyzed using semi-automated computational tools. Functional
analysis is being performed using a newly developed ProFunc server.
3D models of relevant members of the sequence family are generated
and their quality is assessed. Majority of the steps in the MCSG
pipeline are tracked in near real time by the database. All the
structures and their analysis are made available to the public using the
MCSG database and web tools. The MCSG structure determination
pipeline when combined with data collection facilities at third
generation synchrotrons, advanced software and computing resources
resulted in significant acceleration of structure determination of novel
proteins. Using this pipeline the MCSG has determined 112 novel
structures in 2004.
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