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Abstract

The Center for Eukaryotic Structural Genomics (CESG) has as its mission the dramatic
reduction of costs and the lessening of the time required to determine a three-
dimensional protein structure from eukaryotic organisms. We have developed and
operate a high-throughput protein production pipeline using both E. coli and cell-free
expression systems. Proteins for study are chosen based on general sequence
dissimilarity to known structures, medical relevance, or are suggested by the larger
scientific community. Although our initial set of proteins was chosen from the plant
Arabidopsis thaliana, we now consider targets from any eukaryote. Approximately fifty
structures have now been solved by X-ray crystallography including proteins not only
from Arabidopsis, but also rice, mouse, zebrafish, and human origins. For X-ray
crystallography, integration of robotic methods of screening, including microfiuidic chip
technology, sitting drop setups, and plate handling and imaging have led to an efficient
crystal discovery system. Structure solution includes automatic, script-based cluster
computing to produce optimal initial electron density maps. An overview of CESG

ic activities and tween structure and function will be
presented for selected X-ray structures. The work of the entire CESG staff is
acknowledged.

See also related poster #112 on overall activities of CESG.

High-Throughput Crystallomics Platform

and O

2t oposiion: 27y 2005
Dasoghic ke Sxresiad oleh (L'

X3
Stnucuro by Xray | Resolton Fovae st 185% 245%
No.of Resues ASU- 665 (753] | Compleses/ASU: 3

i Collecied A Advanced Photan Saice NSLS XG94 05y 2005
P £ i, C A Bngman, . Robinson, ST At b, G.E Wesenbarg, .
Philps. 1.

o

Tre.
LS BLE S shows o ke seanc sty o any onaly haaceiznd s
"o schre o BLES03 sy

eatires of o

Pt gty i Newes P00 Sticiure ot T Sovea

Al aspects of the screening and optimization process are supported by the Sesame
LIMS system. Crystals are screened against a fixed composition 192 condition
endogenous “general screen” named UW-192. Several commercially available screens
are also used for salvage purposes. Worklists for the Tecan Genesis™ encoding the
aspirate and dispense commands necessary to construct arbitrarily complex optimization
plates are generated by the Well view of Sesame.

Crystal Imaging and Scoring

Allimaging needs for standard pipeline screening are met by a pair of CrystalFarm™
imaging hotels, operating at 4°C and 20°C. These fully automated systems replace the
semi-automated CrystalScore™ systems used in PSI Phase 1. Each has a total capacity
of 400 crystallization plates, acquires images on a user-defined schedule, stores them on
alocal MySQL database running on a control computer with 0.5TB local storage, and
presents them via a web-based interface for scoring.

New Sesame Features Supporting Crystallomics

Sesame has been the laboratory linformation management system for CESG since 2001.
It collects, stores, manages, and mines data for all facets of our structural genomics
prooject, from target selection to structure deposition. Standard output from Sesame
forms the basis for our TargetDB and PepcDB depositions. Sesame currently has over
60 registered centers and labs around the world, including Promega Corporation, NMR
Core Facility, Center for and Studies,

Polytechnic Institute, University of Melhoume, Australia, and the New York Consortium
on Protein Structure (NYCOMPS).

In addlilon to the extraordlnarlly flexible, extensible and precise descriptions of
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in the Well view, several new features have been recently
added to facilitate emerging crystallomics strategies. Well now supports the volumetric
merging of multiple screens, which enables high-throughput “perturbation” screens to be
precisely defined in our database. This facility will enable routine deployment of these
salvage screens in Phase 2.

Another new feature is the crystal view, shown above. This view provides direct links
between crystal samples, crystallization conditions, and upstream details from protein
purification, cloning and target selection. Well code has been extended to this view to
enable both the of conditions, and of
cryopotectants using the Tecan Genesis™.
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« Action trace Date User Volume
+ Selected 2005-03-25  csnewman

« Primers Ordered 20050329 csnewman

*PCR+ 20050412 zteggers

+ Cloning Acceptable 20050427 zteggers

+ Screening Acceptable 20050607 johnk

+ ESC HHH 20050623 koryseder

+ Paste Aacceptable 20050630 fevojtik

 Purification Complete 20050726 simond 4860
+ QA Data Entered 20050728 gsabat 4800
+ QA Activated 20050815 daceti

+ Screen Set Up 20050824 zteggers 4350
« Crystallized + 2005-09-01  zteggers

- Diffraction Crystals 20051001 ebitto 4260
+ Phasing Data + 20051010 ebitto 4080
+ X-ray PDB Deposited 20051021 wesenberg -780

Overall Project Statistics

Target Status Phase-1 End 2006-03-30
Selected 6804 7416
PCR+ 5454 5948
Sequence+ 4709 5114
Screening Expression 2827 3151
Screening Soluble 2426 2669
Successfully Purified 578 714
To Crystallization 368 471
Crystal Structure/PDB 39 51
HsQC+ 65 81
NMR Structure/PDB/BMRB 19 26

Fluidigm Topaz Microfluidics Crystallization

Motivations and Experimental Design

A forward-looking objective of our project is mi protein ion and
trials to prove targets prior to investing in large-scale growths and protein purification. One
hundred microgram quantities of protein should become available for the incremental cost
of concentration from the cell-based expression pathway. The cost of sample in cell-free
expression already scales nearly linearlly with target yield. The small quantities of protein
from preliminary expression trials will be sufficient to run several hundred crystallization
experiments in the Topaz™ free-interface diffusion environment, which requires around
10-14 nL of sample per experiment.

We have screened 16 unique targets and performed 88 distinct experiments. The primary
objective has been to examine the suitability of Fluidigm as a “screen for crystallizability”
by comparing resdlts from free interface diffusion and vapor diffusion. We have also
explored adapting our general screen to Fluidigm technology, by balancing water activity
across individual chips. We are also evaluating the comparative efficacy of our general
screen and Fluidigm reagents, and validating our micro-scale protein production process.

Preliminary Results

Based on the limited number of samples examined to date, a threshold result of three
weak hits or one strong hit to trigger a large-scale growth and more extensive |
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crystallzation trials is appropriate. Under those condfions, Fluidigm screening would have
produced a “go" signal for all targets crystallizable by vapor diffusion, and would have
generated no false starts. Additional experiments are scheduled to more exhaustively
define this threshold. Rigorous elimination of false-positives is important for optimizing a
two-tier screening strategy. Our preliminary results show that the vast majority of positive
results are apparent within 24 hours, and that continuing imaging beyond 3-4 days
generates obvious false positives. Our pi y results show no

1o using our 192 contion general screen or Fluidigm's proprietary reagents, after our
screen was reformatted to control water activity.

Future Directions

Microfluidics crystallization screening is presently used for three purposes: screening
samples produced by cell-free protein production, screening samples with costly, custom-
synthesized components (.g. nucleic acids) and screening low yield samples from cell-
based protein production. In all three cases, sample or opportunity costs make
microfluidics crystallization screening attractive.

Action Traces

Standard reports are constructed from data in Sesame that describe the complete history
of targets, from target selection to PDB deposition. The quantity of sample required to
complete a structure is also tracked.
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« Action Trace Date User Volume
+ Selected 2005-03-08  csnewman

+ Sequence - 20050418 ejan19

« Primers Ordered 20050429 zteggers

+PCR+ 20050429 zteggers

+ Cloning Acceptable 20050512 zteggers

+ Screening Acceptable 20050622 johnk

+ ESC HHH 20050711 koryseder

+ Paste Acceptable 20050719 fevojtik

+ Purification Complete 20050810 breanne 2370
+ QA Data Entered 20050805 gsabat

+ QA Activated 20050815 daceti 2310
+ Screen Set Up 20050823 zteggers 1860
+ Crystallized + 200508-30  zteggers

* Diffraction Crystals 20051004 bwhan 1680
+ Phasing Data + 20051017 bwhan 1560
+ X-ray PDB Deposited 20051024 wesenberg 810
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J ‘ CESG is supported by the National Institute of General Medical Sciences through the Protein Structure Initiative (1 U54 GM074901)



