
Abstract
The Center for Eukaryotic Structural Genomics (CESG) aims to be the leading center for 
developing and disseminating tested technologies to solve structures of eukaryotic proteins in 
high-throughput mode. We create, evaluate, and optimize innovative protocols for producing 
eukaryotic proteins in active and soluble form. We seek to improve the efficiency of all stages from 
target selection-design to three-dimensional structure determination by X-ray crystallography or 
NMR spectroscopy. Using our protein production platform we refine methods for improving the yield 
of structures from high-value targets, in particular proteins from humans and other vertebrates. 
Select structures, developed technologies and an overview protein production platform are 
presented here.

We actively share our advances with the biotechnology, pharmaceutical, and academic 
communities through collaborations, oral presentations, peer-reviewed articles, submissions to 
public databases and material repositories, and by conducting technology transfer workshops. 
CESG has made developments in particular areas of structural genomics / biology from initial 
target analysis and selection to cloning and protein production, structure determination, PepcDB, 
PDB, and BMRB deposition, and is the first PSI Center to negotiate electronic formats and send 
actual materials to the new PSI Materials Repository. Research also includes analysis of causes of 
structure failures by CESG and other PSI Centers and the development of bioinformatics and LIMS 
tools for structural genomics. All CESG protein production protocols and Technology dissemination 
reports are accessible through the PSI Knowledgebase:  
http://kb-test.psi-structuralgenomics.org/KB/

Introduction
CESG performs research and development dedicated to providing eukaryotic targets for structure 
determination by NMR spectroscopy and X-ray crystallography. Our extensive small-scale 
screening shows that 36% of all eukaryotic proteins are unsuitable for scale-up due to no 
expression and 11% are unsuitable because of low solubility. The remaining 53% of target proteins 
are expressed, soluble and cleaved by TEV protease, and historically deemed suitable for 
scale-up. However, of this 53%, ~2/3 were eventually lost during purification for various reasons 
that will be reported. In order to address these different modes for loss of valuable protein targets, 
CESG is exploring several strategies and approaches, and wheat germ cell-free translation has 
been one effective way to increase the number of protein targets recovered. In a cell-based 
approach, the modular CESG expression vector platform has been exploited to replace the MBP 
solubility tag with alternative solubility tags such as thioredoxin, trigger factor, and others. Research 
with these alternative tags is facilitated by side-by-side comparison with results obtained from 
CESG control workgroups composed of proteins markers for efficient function of each step in the 
protein production process. In another cell-based approach, CESG bioinformatics and cloning 
methods were used to generate N- and C-terminal deletions of target proteins to improve their 
behavior. This approach has given new insight into the 3-dimensional structure of mammalian 
metallo-chaperones. The effectiveness of the domain engineering methods can be extended when 
coupled with the Promega Maxwell 16 Automation System to rapidly isolate and characterize 
purified proteins at the small-scale, and is often informed by evaluation of 15N HSQC spectra. 
Small-scale purification screening is also facilitated when coupled to bacterial expression in 
factorial evolved auto-induction medium, which can yield expressed protein levels as high as 1.5 
mg/mL of culture fluid. In another approach, different affinity purification methods are being applied 
to recover proteins with intact cofactors and metal-binding sites. This approach has successfully 
yielded mouse and human Rieske-type ferredoxins, a novel fold not previously associated with 
higher eukaryotes. Other examples based on innovation of our established research methods for 
eukaryotic protein production will be presented. 

Eukaryotic Protein Production
The mission of CESG is focused on research and development of technology aimed at improving 
the production and purification of eukaryotic proteins for structure determination. Table 1 shows 
that CESG is entirely dedicated to working with eukaryotic proteins, that are generally considered 
to be more difficult to work with than thermophilic or prokaryotic proteins.

Table 1. CESG research is focused entirely on eukaryotic proteins as revealed by NIH actions 
recovered from TargetDB (Fox et al., 2008).

Figure 2 shows the success rates of various stages in the CESG pipeline. At the small-scale 
screen, 53% of the eukaryotic proteins are tested and shown to be suitable for large-scale cell 
growths. These targets are screened and shown to be highly expressed, soluble, and cleaved by 
TEV protease. About 47% of the proteins screened are unsuitable for scale-up, due to weak 
expression (accounts for ~36% of total targets), and 11% of targets are expressed but have low 
solubility.

The production and purification of eukaryotic proteins is considered to be more challenging than 
prokaryotic proteins. CESG uses a simple and rapid generic IMAC based protein purification 
scheme, that however, suffers a attrition rate of about 2/3. Only 13.8% of the total eukaryotic 
proteins screen pass through purification into structural analysis; 27.8% of the targets fail or are 
lost in the purification stage (Figure 2). Many of the eukaryotic proteins selected by CESG for 
study potentially contain disulphide bonds, co-factors, or metal clusters that are not stable in the 
bacterial cell-based expression system used by CESG. Thus CESG has a cell-free alternative 
pathway that is used to produce some proteins with properties that are intractable for E. coli 
cell-based and cytoplasmic protein production.

CESG Cell-Based Pipeline: Success Rate

Figure 2. Success rates along CESG pipeline: Data mined from Sesame. Of all the eukaryotic 
proteins screened at the small-scale, 47% are unsuitable for scale-up (large-scale cell growth) due 
to weak or no expression (36% of total), or poor solubility (11% of total as shown in panel). One 
possible explanation for weak protein production in unsuitable target proteins may be that their 
mRNA is degraded rapidly before translation is completed. We tested this hypothesis by using 
E. coli strains that give improved mRNA stability.

Figure 3 shows the effect on protein production and suitability ratings of using BL21-Star, which 
that has reduced mRNA degradation activity due to a mutation in RNase E (rne 131), that reduces 
mRNA degradation. In this strain, seven new targets were expressed, possibly implicating mRNA 
stability. However, all of these new proteins expressed in BL21-Star were insoluble or uncleaved by 
TEV protease.

Our findings show that even though a minority of protein for a test set were newly produced, none 
had solubility or TEV cleavage properties that are also needed to achieve a “suitable” rating. In 
conclusion, using host strains with improved mRNA stability did not help recover unsuitable targets 
that failed the initial CESG pipeline screening using B834-pRARE2. These findings suggest that 
other strategies have to be explored to recover unsuitables with weak expression and solubility. 
The modular design strategy of the CESG vectors used for protein production (Figure 4) allows 
this ease in design modification and testing for incremental improvements. We are now using this 
flexibility to test alternative protein production approaches and salvage pathways.

Figure 4. CESG uses a modular vector design strategy that allows flexibility in modifying the 
expression plasmids to accommodate advances in protein expression technology. For example, 
unique restriction sites are used to introduce new promoters, alter the linker (e.g., to contain a 
TVMV-His8-TEV context or to influence cleavage efficiency), solubility enhancement (Trigger, 
maltose-binding protein-MBP), and affinity tags (histidine tags, amylose resin using MBP-binding) 
for different purification approaches. In total, over 70 expression vector variants have been created 
by CESG, and many of these have been provided to the PSI-MR. A recent variant includes a 
self-cleaving plasmid that has constitutive expression of TVMV protease to enable in vivo 
proteolysis of MBP.

Multi-Path Platform for Eukaryotic
Protein Production and Purification

Figure 5. Multi-path platform for eukaryotic protein production and purification developed at CESG. 
Yellow boxes show the activities of the small-scale expression testing section (green box is the 
cell-free wheat germ section). Alongside the CESG pipeline expression screening, small-scale has 
successfully used two alternative paths to produce and purify eukaryotic proteins for structural 
analysis. A meso-scale protein production path uses 10-50 mL cell cultures and amylose resin, or 
Maxwell 16 system based IMAC purification to isolate proteins that fail the regular IMAC based 
pipeline purification. In addition, a micro-scale protein production pathway (using 0.4 mL cell 
cultures generated in the expression screens) combined with Maxwell 16 system to provide 
purification screening of target proteins.

The multi-path platform for protein production has been used to recover a number of proteins using 
amylose and Maxwell 16 system purification methods (Figure 5). For example, we recently purified 
Homo sapiens growth arrest factor (DNA damage-inducible, 17 kDa) that originally failed in the 
CESG pipeline, but was recovered using at the meso-scale (50 mL culture) and amylose resin. 
Many other proteins and enzymes  that possess metal or iron clusters, disulfide bonds, or are 
cysteine rich (with seemingly higher propensity to fail in pipeline purification) have been purified 
using amylose resin or Maxwell 16 system instead of the CESG generic IMAC strategies.

Figure 6. Ribbon representation of mouse soluble Rieske ferredoxin. 
The large domain is shown in blue, and the cluster-binding domain 
in shown green. The iron-sulfur cluster is shown using spheres, with 
the sulfur atoms colored yellow and the iron atoms red. The protein 
was produced using CESG vector pVP16 (Thao et al., 2004). The 
structure of mouse cysteine dioxygenase (EC 1.13.11.20) has also 
been solved by CESG using protein prepared by the generic IMAC 
path. However, collaborative functional studies required preparation 
of the enzyme using amylose purification.

Figure 7. Results of a truncation strategy 
to obtain suitable domains of difficult targets 
(originally unamenable for structural 
determination). A series of deletion variants 
were made for 24 individual ORFs by 
constructing deletions at the N- and C- 
termini. Four sets of deletions variants 
were engineered for each ORF or target 
protein. From a total set of 63 variants 
screened, 2 variants were successfully 
crystallized (representing one Orf – two 
different deletions worked for one protein 
in terms of crystallization). In conclusion, 
1 protein structure was obtained out of the 
24 target proteins, and this equals a success 
rate of ~1.6% (which is higher than the regular 
pipeline rate of 1.4% for eukaryotic proteins).

Figure 8. The X-ray structure of Human co-chaperone 
protein BC000004-Ndelta29  was solved using an 
N-terminal deletion construct generated from the work 
group shown in Figure 7 above.

Figure 9 summarizes our efforts to use the multi-path protein production platform to provide targets 
for structure analysis, and to also extend the prediction range of small-scale screening into the 
purification stage. Several human embryonic stem cell proteins were expressed in the self-cleaving 
plasmid, pVP62K (SDS-PAGE gels), and labeled with a 15N auto-induction medium at medium 
scale cell cultures (24-48 x 0.5 mL cultures grown in 96-well block). Screening was extended to 
include automated purification using the Maxwell 16 (A and B).

Caliper LC90 capillary electrophoresis (Figure 10) of the products from the Maxwell purification 
allows automated analysis of the purity and yield for up to 96 targets (in less than 2 h). The protein 
samples obtained have sufficient yield to be suitable for 1H, 15N-HSQC NMR or functional analyses 
(Figure 11) and sufficient purity to be used in crystallization trials such as Fluidigm and Mosquito 
(Figure 12), and finally X-ray crystallography based structure determination. The versatility of the 
expression vector backbone, the affordability of small-scale operation, and the high-throughput of 
this platform suggest that it could support multiple concurrent screening pathways within CESG’s 
pipeline.

Figure 10. Caliper LabChip LC-90 for protein analysis.

Advantages of new analytical techniques 
- PSI-2 traditional screen 32 x SDS-gels and 
  takes 1-2 days ($450 / 96 targets)
- Caliper Lab Chip-90 (1 x Chip ~4 hours 
  screening ($225 / 96 targets)
- Maxwell 16 system purified proteins
- Accurate protein concentration determination
- 1 hour to run LabChip 90 / 96 targets

Meso-Scale Production and Purification of Proteins for NMR Analysis

Figure 11. 15N-HSQC-NMR spectra of proteins expressed using improve auto-induction medium 
with in vivo cleavage followed by direct purification from small-scale expression testing cultures.

Figure 12. Structure of a GFP variant produced by meso-scale expression and purification 
screening. Residues Ile and Ala from the N-terminal are shown in blue spheres. The mutated 
residues included in the protein are shown as cyan spheres. Selenomethionine residues are shown 
in violet spheres. The chromophore is shown as grey sticks. Resolution of solved structure was 1.7 
angstroms.

 

Protein Structure Initiative  Center for Eukaryotic Structural Genomics 

Step TargetDB PSI Production CESG
Selected 148997 100% 138452 100% 90226 100% 8138 100%
Cloned 104366 70% 95223 69% 58812 65% 7968 98%
Purified 25989 17% 19611 14% 16169 18% 1101 14%
Eukaryotes 62063 42% 58198 42% 16788 19% 8102 100%

CESG is supported by NIH / NIGMS Protein Structure Initiative grant numbers 1 U54 GM074901 and P50 GM064598.

 
CESG ORF No. 33811 
Organism Homo sapiens 
Gene Designator BC019655 
PDB Entry 2ETT Deposition:  27-Oct-2005 
BMRB Entry 6866 Deposition:  15-Nov-2005 
Function protein transfer 
Produced From Cell-free  

Restraints/Residue:  16.7 Subunits/Molecule:  1 
No. of Residues:  128 Molecular Weight: 14.0 kDa 

Structure by NMR 

Backbone RMSD(10-112): 1.3 Å All Heavy Atoms RMSD(10-112): 2.0 Å 
Data Collected At Nuclear Magnetic Resonance Facility at Madison (NMRFAM) 
Authors Song, J., Zhao, Q., Tyler, R.C., Lee, M.S., Newman, C.L., Markley, J.L. 

 

 
 

Structural Features 
The sorting nexins (SNXs) constitute a large group of PX domain-containing proteins that play critical roles in 
protein trafficking. We report here the solution structure of human sorting nexin 22 (SNX22). Although SNX22 has 
<30% sequence identity with any PX domain protein of known structure, it was found to contain the alpha/beta 
fold and compact structural core characteristic of PX domains. Analysis of the backbone dynamics of SNX22 by 
NMR relaxation measurements revealed that the two walls of the ligand binding cleft undergo internal motions: on 
the picosecond timescale for the beta1/beta2 loop and on the micro- to millisecond timescale for the loop 
between the polyproline motif and helix alpha2. Regions of the SNX22 structure that differ from those of other PX 
domains include the loop connecting strands beta1 and beta2 and the loop connecting helices alpha1 and 
alpha2, which appear to be more mobile than corresponding loops in other known structures. The interaction of 
dibutanoyl-phosphatidylinositol-3-phosphate (dibutanoyl-PtdIns(3)P) with SNX22 was investigated by an NMR 
titration experiment, which identified the binding site in a basic cleft and indicated that ligand binding leads only to 
a local structural rearrangement as has been found with other PX domains. Because motions in the loops are 
damped out when dibutanoyl-PtdIns(3)P binds, entropic effects could contribute to the lower affinity of SNX22 for 
this ligand compared to other PX domains. 
     References: (1) Song, J., Zhao, Q., Tyler, R.C., Lee, M.S., Newman, C.L., Markley, J.L. (2007) Solution 
structure of human sorting nexin 22. Protein Sci 16(5):807-14. 
Percent Identity with Nearest PDB Structure at Time Solved 27% coverage (1OCS) 
Pfam Cluster NA 
Sequence Family Size 215 
Center for Eukaryotic Structural Genomics (CESG), University of Wisconsin-Madison Biochemistry Department, 433 Babcock 
Drive, Madison, WI 53706-1549; phone: 608.263.2183; fax: 608.890.1942; email: cesginfo@biochem.wisc.edu; website:  
http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 
GM074901 and P50 GM064598.  

 

 
Target ID 79368 
Organism Homo sapiens 
Target Name BC029128 
PDB Entry 2I3C Deposition:  17-Aug-2006 
Function aspartoacylase (FF/Refine: 2Q51) 
Produced From E. coli B834 pRARE-2 

Resolution:  2.8Ǻ R-value (R-free):  19.5 % (24.3%) Structure by X-ray 
No. of Residues/ASU:  624 (604)  Monomers/ASU:  2 

Data Collected At Advanced Photon Source  22-ID  05-Aug-2006 
Authors E. Bitto, G.E. Wesenberg, G.N. Phillips, Jr., J.G. McCoy, C.A. Bingman  

                       
Structural Features 
Aspartoacylase catalyzes hydrolysis of N-acetyl-L-aspartate to aspartate and acetate in the vertebrate brain. 
Deficiency in this activity leads to spongiform degeneration of the white matter of the brain and is the established 
cause of Canavan disease, a fatal progressive leukodystrophy affecting young children. The crystal structures of 
recombinant human and rat aspartoacylase were solved refined to 2.8Å and 1.8Å resolution, respectively. The 
structures revealed that the amino-terminal domain of aspartoacylase adopts a protein fold similar to that of zinc-
dependent hydrolases related to carboxypeptidase A. The catalytic site of aspartoacylase shows close structural 
similarity to those of carboxypeptidases despite only 10-13% sequence identity between these proteins. About 
one hundred carboxy-terminal residues of aspartoacylase form a globular domain with a 2-stranded β-sheet linker 
that wraps around the amino-terminal domain. The long channel leading to the active site is formed by the 
interface of the amino- and carboxy-terminal domains. The carboxy-terminal domain is positioned in a way that 
prevents productive binding of polypetides in the active site. We hypothesize that the catalytic mechanism of 
aspartoacylase is closely analogous to that of carboxypeptidases. The structures also provide a structural 
framework necessary for understanding the deleterious effects of the missense mutations of human 
aspartoacylase. 
     References:  (1) Bitto, E., Bingman, C.A., Wesenberg, G.E., McCoy, J.G., Phillips, G.N., Jr. (2007) Structure 
of aspartoacylase, the brain enzyme impaired in Canavan disease. Proc Natl Acad Sci USA 104(2):399-400.  
Percent Identity with Nearest PDB Structure at Time Solved 84% 2GU2 (CESG) 
Pfam Cluster AstE_AstA 
Sequence Cluster Size  78 NR at e<0.1 
Center for Eukaryotic Structural Genomics (CESG), University of Wisconsin-Madison Biochemistry Department, 433 Babcock 
Drive, Madison, WI 53706-1549; phone: 608.263.2183; fax: 608.890.1942; email: cesginfo@biochem.wisc.edu; website:  
http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 
GM074901 and P50 GM064598.  

 

 
Target ID 36728 
Organism Homo sapiens 
Target Name BC011709 
PDB Entry 2JYC Deposition:  12-Dec-2007 
BMRB Entry 15593 Deposition:  12-Dec-2007 
Function protein C6orf130, a putative macro domain 
Produced From Cell-free (wheat germ extract) 

Restraints/Residue:  13.1 Subunits/Molecule:  1 
No. of Residues:  151 Molecular Weight: 17.0 kDa 

Structure by NMR 

Backbone RMSD(14-120,126-152): 
0.61 Å 

All Heavy Atoms RMSD(14-120,126-152): 
1.12 Å 

Data Collected At Medical College of Wisconsin, Milwaukee, WI 
Authors B.L. Lytle, F.C. Peterson, B.F. Volkman 

 

 
 

Structural Features 
The NMR structure of C6orf130, a macro or A1pp domain, solved by RIKEN Structural Genomics/Proteomics 
Initiative (RSGI) was released on 2007-08-21 after structure calculations of our BC011709 protein were already 
underway. The two structures can be superimposed with a backbone RMSD of 1.6 Å. The structure consists of a 
six-stranded β-sheet sandwiched between four α-helices. The A1pp domain was originally described in 
association with ADP-ribose 1''-phosphate (Appr-1''-P) processing activity of the yeast YBR022W protein. It is 
also known as macro domain because it is the C-terminal domain of mammalian core histone macro-H2A. Macro 
domains can bind ADP-ribose, poly-ADP-ribose, an NAD metabolite or related ligands. The widespread 
occurrence of isolated macro domains in bacteria, archaea and eukaryotes indicates that they are involved in a 
ubiquitous cellular process, perhaps a regulatory role in ADP-ribosylation. The binding ligand(s) of C6orf130 has 
yet to be determined.  
Percent Identity with Nearest PDB Structure at Time Solved 100% over 141 aa (2EEE) 
Pfam Cluster None 
Protonet Cluster Size : Structures in PDB 4 : 1 
Center for Eukaryotic Structural Genomics (CESG), University of Wisconsin-Madison Biochemistry Department, 433 Babcock 
Drive, Madison, WI 53706-1549; phone: 608.263.2183; fax: 608.890.1942; email: cesginfo@biochem.wisc.edu; website:  
http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 
GM074901 and P50 GM064598.  

 

 
Target ID 91296 
Organism Homo sapiens 
Target Name BC000004-Ndelta29 
PDB Entry 3BVO Deposition:  07-Jan-2008 
Function co-chaperone protein HscB 
Produced From E. coli B834 p(RARE2) pVP-16 

Resolution:  3.0 Å R-value (R-free):  24.0% (28.8 %) Structure by X-ray 
No. of Residues/ASU:  373 Subunits/ASU:  2 

Data Collected At APS  23-ID-D, 10-Dec-2007 
Authors E. Bitto, C.A. Bingman, J.G. McCoy, G.E. Wesenberg, G.N. Phillips, Jr. 

                                     
Structural Features 
Proteins containing iron-sulfur centers are ubiquitous and play essential roles in a wide range of redox, catalytic, 
and regulatory processes in the cell. They are characterized by the presence of iron-sulfur clusters containing 
sulfide-linked di-, tri-, and tetrairon centers in variable oxidation states. The Fe/S proteins are best known for their 
role in the oxidation-reduction reactions of mitochondrial electron transport and photosynthesis. The biogenesis of 
Fe/S proteins is a complex process that has been the subject of extensive research. The final step of Fe/S protein 
assembly involves a Fe/S cluster transfer from a cluster-donor protein to cluster-acceptor proteins. This process 
is facilitated by a specialized chaperone system, which consists of a molecular chaperone from the Hsc70 family 
and a co-chaperone of J-protein family. In contrast to the prokaryotic assembly pathway, the biosynthesis of Fe/S 
proteins in eukaryotes is much less understood. The crystal structure of  a human HscB J-type co-chaperone 
solved by CESG represents the first structurally characterized protein from an eukaryotic Fe/S assembly 
pathway. The overall architecture of human HscB resembles that of its E. coli homologue Hsc20. The main 
difference between the two structures is the presence of a novel metal-binding domain at the N-terminus of the 
human HscB, which contains a tetra-cysteine coordinated metal and could possibly be involved in Fe/S cluster 
transfer to an acceptor protein(s). Conserved J- and C-domains of HscB possess a previously described 
consensus chaperone-binding motif H-P-D (residues 102-104) and an acidic scaffold-protein-binding motif 
(residues E167, E170, and E174), respectively. We believe that the solution of the crystal structure of human 
HscB co-chaperone will lead to a better understanding of iron-sulfur proteins biogenesis in eukaryotes. 
Percent Identity with Nearest PDB Structure at Time Solved 1FPO (28%)  
Pfam Cluster DnaJ 
Sequence Family Size 695 
Center for Eukaryotic Structural Genomics (CESG), University of Wisconsin-Madison Biochemistry Department, 433 Babcock 
Drive, Madison, WI 53706-1549; phone: 608.263.2183; fax: 608.890.1942; email: cesginfo@biochem.wisc.edu; website:  
http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 
GM074901 and P50 GM064598.  

 

 
Target ID 39772 
Organism Homo sapiens 
Target Name BC008781 
PDB Entry 3C9Q Deposition:  18-Feb-2008 
Function uncharacterized protein C8orf32 with bound peptide 
Produced From E. coli B834 p(RARE2) pVP-16 

Resolution:  1.5 Å R-value (R-free):  16.2 % (18.0 %) Structure by X-ray 
No. of Residues/ASU:  195 Subunits/ASU:  1 

Data Collected At APS  23-ID-D, 06-Feb-2008 
Authors E. Bitto, C.A. Bingman, J.G. McCoy, G.E. Wesenberg, G.N. Phillips, Jr. 

                       
Structural Features 
The human protein C8orf32 has been identified as an activator of the cAMP-response element (CRE) pathway, 
which has been implicated in formation of long-term memories. The protein has not yet been otherwise 
biochemically characterized. The 1.5 Å structure of C8orf32 solved by CESG reveals a monomeric globular 
protein of a novel structural fold with alpha-beta-alpha three-layer sandwich architecture. A multiple sequence 
alignment of homologous proteins from a range of eukaryotic organisms revealed a number of highly conserved 
residues that cluster in the area with features reminiscent of the active site. Of immediate interest are residues 
Cys28, His81, and Aps97, which could represent a catalytic triad of a novel cysteine hydrolase (with currently 
unknown function). The putative active site binds a peptide-like auxilliary molecule with a well resolved N-terminal 
tripeptide Ser-Thr/Val-Ala in the putative active site and additional disordered residues which reside at the 
interface of the symmetry related protein molecules in the crystal latice. As the putative catalytic cysteine residue 
is relatively burried we speculate that C8orf32 could be involved in hydrolytic processes like deacetylation or 
deformylation of N-termini of the substrate proteins. 
Percent Identity with Nearest PDB Structure at Time Solved 1DQN (16%) 
Pfam Cluster  
Sequence Family Size 57 
Center for Eukaryotic Structural Genomics (CESG), University of Wisconsin-Madison Biochemistry Department, 433 Babcock 
Drive, Madison, WI 53706-1549; phone: 608.263.2183; fax: 608.890.1942; email: cesginfo@biochem.wisc.edu; website:  
http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 
GM074901 and P50 GM064598.  

 

 
Target ID 80055 
Organism Galdieria sulphuraria 
Target Name C501_101305G3.T1 
PDB Entry 3CAZ Deposition:  20-Feb-2008 
Function BAR domain protein 
Produced From E. coli B834 pRARE2 pVP56K 

Resolution:  3.34 Ǻ Resolution:  3.34 Ǻ Structure by X-ray 
No. of Residues/ASU:  588 (415)  No. of Residues/ASU:  588 (415)  

Data Collected At Advanced Photon Source  23-ID-D  18-Aug-2007 
Authors J.G. McCoy, E. Bitto, C.A. Bingman, G.E. Wesenberg, G.N. Phillips, Jr.  

 
Structural Features 
The protein product of c501_101305g3.t1 shows weak sequence similarity to a number of BAR domain proteins 
including amphiphysin and arfaptin. The quaternary structure of the enzyme also corresponds to that of previous 
BAR domain proteins, consisting of a homodimer of which the individual monomers are composed of three long 
parallel helices arranged so that the homodimer has a distinct curvature.  BAR domains can be further divided 
into BAR domains, F-BAR domains, and I-BAR domains based on the degree of curvature of the protein. The 
80055 protein is structurally analogous with the BAR domain proteins. BAR domain proteins have been 
associated with a number of cellular processes including apoptosis, endocytosis, regulation of the actin 
cytoskeleton, secretory vesicle fusion, tissue differentiation, and ion flux across membranes. In general, BAR 
domains are believed to be involved in binding membranes. This proteins has a series of strong electropositive 
patches along its concave surface that may be involved in this function. Like many other BAR domain proteins 
the 80055 protein has an additional C-terminal domain. However, the sequence of the C-terminal region did not 
demonstrate homology with any known functional domains and the electron density map was insufficient to build 
in this portion of the protein. BAR domain proteins have so far only been identified in eukaryotes.  
     References:  Ren, G., Vajjhala, P., Lee, J.S.., Winsor, B., Munn, A.L. (2006) The BAR domain proteins: 
molding membranes in fission, fusion, and phagy. Microbiol Mol Biol Rev 70(1):37-120. 
Percent Identity with Nearest PDB Structure at Time Solved 14% of 205 aa (1I49) 
Pfam Cluster No reliable hits 
Sequence Family Size 2 
Center for Eukaryotic Structural Genomics (CESG), University of Wisconsin-Madison Biochemistry Department, 433 Babcock 
Drive, Madison, WI 53706-1549; phone: 608.263.2183; fax: 608.890.1942; email: cesginfo@biochem.wisc.edu; website:  
http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 
GM074901 and P50 GM064598.  

 

 
CESG Tech Report No. 010 
Title CMI-Automatic Crystallography Map Interpretation 
Research Unit Crystallography 
Authors Dimaio, F., Soni, A., Bingman, C.A., BItto, E., Phillips, G.N., Jr., and Shavlik, J. 
Primary Contact phillips@biochem.wisc.edu  
                            

Summary 
One particularly time-consuming step in protein crystallography is interpreting the electron density map; that is, fitting a 
complete molecular model of the protein into a 3D image of the protein produced by the crystallographic process. In 
poor-quality electron density maps, the interpretation may require a significant amount of a crystallographer’s time. We 
have investigated automating the time-consuming initial backbone trace in poor-quality density maps [1−3]. We 
describe ACMI (Automatic Crystallographic Map Interpreter), which uses a probabilistic model known as a Markov field 
to represent the protein. Residues of the protein are modeled as nodes in a graph, while edges model pairwise 
structural interactions. Modeling the protein in this manner allows the model to be flexible, considering an almost infinite 
number of possible conformations, while rejecting any that are physically impossible. Using an efficient algorithm for 
approximate inference — belief propagation — allows the most probable trace of the protein’s backbone through the 
density map to be determined. We have tested ACMI on a set of density maps (at 2.5 to 4.0 Å resolution) and have 
shown that ACMI offers a more accurate backbone trace than current approaches. 

Publication(s): 

[1] DiMaio, F., Shavlik, J., and Phillips, G.N., Jr.  (2003) Using pictorial structures to identify proteins I X-ray 
crystallography density maps. Working Notes of the ICML Workshop on Machine Learning, in Bioinformatics. 

[2] DiMaio, F., Shavlik, J., Phillips, G.N., Jr. (2006) A probabilistic approach to backbone tracing in electron density 
maps. Bioinformatics 22:e81-e89. 

[3] DiMaio, F., Soni, A., Phillips, G.N., Jr. and Shavlik, J. Improved Methods for Template-Matching in Electron 
Density Maps Using Spherical Harmonics. IEEE-BIBM 2007 Conference Proceedings (in press). 
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Summary 
HIFI-NMR is a rapid method for collecting data from a series of three-dimensional NMR experiments and determining 
the positions of peaks so as to develop a probabilistic peak list [1]. HIFI-NMR uses the tilted-plane reduced 
dimensionality approach to data collection developed by E. Kupce and R. Freeman, but without spectral reconstruction. 
The pioneering features of HIFI-NMR are that tilted planes are collected adaptively, one at a time, with an on-board 
algorithm choosing the angle of the next plane to be collected and determining in advance whether or not to collect 
these data on the basis of an estimation of the impact the new data would have on the evolving model of spectral peak 
locations in three dimensions. If collection of an additional plane is predicted not to improve the model, the software 
terminates the current NMR experiment and starts a new one. When data from all NMR experiments have been 
collected, the software provides peak lists for each experiment (chemical shifts in each dimension and probability 
measures for peak detection and shift accuracies). One output format option is NMR-STAR for direct deposition into 
BMRB. The progress of HIFI-NMR can be monitored from the spectrometer console, or data collection can be launched 
and followed from a remote computer. HIFI-NMR is being exported to other NMR laboratories, but currently is available 
only for Varian spectrometers. 

Publication: 

[1] Eghbalnia, H.R., Bahrami, A., Tonelli, M., Hallenga, K., and Markley, J.L. (2005) High-resolution iterative 
frequency identification for NMR as a general strategy for multidimensional data collection. J Am Chem Soc 
127, 12528−12536. 

Acquiring the Technology Contact Marco Tonelli at the National Magnetic Resonance Facility at Madison 
tonelli@nmrfam.wisc.edu. 
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Summary 
Tobacco etch virus NIa proteinase (TEV protease) is an important tool for the removal of fusion tags from recombinant 
proteins. Production of TEV protease in E. coli has been hampered by insolubility and addressed by many different 
strategies. However, the best previous results and newer approaches for protein expression have not been combined to 
test whether further improvements are possible. Here we use a quantitative, high throughput assay for TEV protease 
activity in cell lysates to evaluate the efficacy of combining several previous modifications with new expression hosts 
and induction methods [1]. Small-scale screening, purification and mass spectral analysis showed that TEV protease 
with a C-terminal poly-Arg tag was proteolysed in the cell to remove 4 of the 5 arginine residues. The truncated form 
was active and soluble but in contrast, the tagged version was also active but considerably less soluble. An engineered 
TEV protease lacking the C-terminal residues 238−242 was then used for further expression optimization. From this 
work, expression of TEV protease at high levels and with high solubility was obtained by using auto-induction medium 
at 37˚C. In combination with the expression work, an automated two-step purification protocol was developed that 
yielded His-tagged TEV protease with >99% purity, high catalytic activity and purified yields of ~400 mg/L of expression 
culture (~15 mg pure TEV protease per g of E. coli cell paste). Methods for producing glutathione S-transferase tagged 
TEV with similar yields (~12 mg pure protease fusion per g of E. coli cell paste) are also reported. These vectors are 
available by completion of standard biological materials transfer agreement, and will be deposited in the NIH PSI-
Materials Repository.  

Publication:  

[1] Blommel, P.G. and Fox, B.G., A combined approach to improving large-scale production of tobacco etch virus 
protease. Protein Expr Purif 55 (2007) 53-68. 
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Summary 
PINE, which is available from a webserver at http://miranda.nmrfam.wisc.edu/PINE/, represents the proof of concept 
and implementation of a multiple step probabilistic data analysis platform for protein NMR spectroscopy. PINE 
incorporates the capabilities of separate probabilistic tools: PISTACIO [1] (automated backbone and sidechain 
assignment), PECAN[2] (secondary structure determination), and LACS [3] (referencing offset and outlier detection). 
The input to PINE is the amino acid sequence and sets of peak lists generated from one or more of the standard types 
of protein NMR experiments; these can be either probabilistic (e.g., peak lists generated by HIFI-NMR) or traditional 
peak lists generated by popular NMR data analysis tools. PINE takes into account the interconnectedness of different 
stages of analysis. PINE begins with a set of local statistical potentials. It then proceeds iteratively until a stationary 
state for a consistent global similarity measure is achieved. The resulting software enables a seamless and robust 
integration of multiple steps in the NMR structure determination pipeline. PINE provides as output a probabilistic 
assignment of backbone and sidechain signals and the secondary structure of the protein. At the same time, it 
identifies, verifies, and if needed rectifies, problems related to referencing, assignment, or outlying data. PINE can 
make use of prior information supplied from selective labeling or spin system assignments derived independently by 
other means. The performance of PINE is much superior to that of the individual tools used sequentially. 
 
Publications: 
 
[1] Eghbalnia, H.R., Bahrami, A., Wang, L., Assadi, A., and Markley, J.L. (2005) J Biomol NMR 32, 219−33. 
[2] Eghbalnia, H.R., Wang, L., Bahrami, A., Assadi, A., and Markley, J.L. (2005) J Biomol NMR 32, 71−81. 
[3] Wang, L., Eghbalnia, H.R., Bahrami, A., and Markley, J.L. (2005) J Biomol NMR 32, 13−22. 
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Summary 
CESG has worked with the PSI Materials Resource (PSI-MR) and the University of Wisconsin to develop acceptable 
material transfer agreements for this important aspect of sharing the results of the PSI. We have developed protocols 
for the physical transfer of plasmids containing CESG targets between our institutions. The effort included working with 
PSI-MR to define the format of the electronic documents to be transferred between the depositor and the PSI-MR prior 
to shipment of plasmids, establishing the string of check-offs that must occur before plasmids are shipped, and 
developing definitions and descriptors for experimental results associated with each plasmid deposition. The electronic 
process was deemed acceptable, and CESG then deposited 96 target clones into the PSI-MR as a pilot study for the 
physical transfer process. The physical transfer process was deemed acceptable and CESG has recently shipped 
another 5 workgroups to PSI-MR. As of 12/1/2007 more than 500 CESG plasmids have been deposited at PSI-MR 
which will be available to the public when they have been sequence verified by PSI-MR.  CESG will be depositing all 
previously cloned pipeline targets during 2008 and will continue timely depositions as new targets are selected and 
cloned. 

Our most requested plasmid is the optimized TEV protease expression vector described in CESG Technology 
Dissemination Report 020.  We also continue to have substantial distribution of our vectors pVP13 and pVP16 shown 
above. All CESG pipeline vectors will soon be available through PSI-MR. 
Acquiring the Technology Contact John Primm primm@wisc.edu or Stephanie Mohr 

stephanie_mohr@hms.harvard.edu. 
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Summary 
High-throughput crystallomics operations produce a tremendous quantity of primary (image) and secondary 
(crystallization experiment score) data. Software distributed with commercial imaging systems is usually tuned to small 
to intermediate scale operations, where targets are assigned to individuals.  This model is an uneasy match with both 
the scale and serial-ownership model associated with structural genomics projects.  Moreover, they are often lacking in 
data analysis functionality. To address the CESG’s needs for project wide data analysis, the Phillips lab, as part of a 
sponsored research agreement with Bruker AXS has produced the CrystalFarm Pro package, which integrates with the 
CrystalFarm automated imaging systems.   

The CrystalFarm Pro package directly accesses CrystalFarm MySQL databases, and augments those systems in the 
several ways. Reports across the entire database can be generated to give lists of all experiments with images that 
have not yet been evaluated. Reports across the entire database providing comprehensive, integrated data on the 
performance of all instances of a given screen type (A). Pairs or groups of experiments can be statistically compared, to 
evaluate the effect of experimental variables within crystallomics, or in other areas of the projects on crystallization 
outcomes. Detailed drill-down reports on the performance of individual crystallization reagents (B) and chemicals in lead 
conditions (C) are also available. Support for optimizing promising crystal leads is also provided by multidimensional 
variational screens around one or several promising conditions (D). Data on newly generated screens is returned to the 
CrystalFarm systems via XML reports. Support for directing Tecan liquid handlers is under development, and nearing 
completion. 
 
Acquiring the Technology Contact Dan Frankel dan.frankel@bruker-axs.com. 
Other Acknowledgements Supported partially by Bruker-AXS, Madison, WI. 
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http://www.uwstructuralgenomics.org. This research funded by NIH / NIGMS Protein Structure Initiative grants U54 GM074901 and 
P50 GM064598.  
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52 CESG Pipeline Unsuitable Targets Rescreened in E. coli BL21-Star Cells

• 15N HSQC NMR of His8-GFP expressed in self-
cleaving vector pVP62K at 35 ˚C. The NMR 
time required was 1 h (by Dr. Jikui Song).

• Cost = $50. 40 minute run (1.5 mg from 8 mL).
• 1.5 mg purified from 8 wells of Maxwell in 40 

minutes.  Solved crystal structure of SeMet-
labeled GFP .

• 15N HSQC NMR of human embryonic stem 
cell protein A8 expressed in self-cleaving 
vector pVP62K. 

• The NMR time required was 8 h.
• 0.25 mg purified from 8 wells of Maxwell.

• 15N HSQC NMR of His8-GFP expressed in self-
cleaving vector pVP62K at 35 ˚C. The NMR 
time required was 1 h (by Dr. Jikui Song).

• Cost = $50. 40 minute run (1.5 mg from 8 mL).
• 1.5 mg purified from 8 wells of Maxwell in 40 

minutes.  Solved crystal structure of SeMet-
labeled GFP .

• 15N HSQC NMR of human embryonic stem 
cell protein A8 expressed in self-cleaving 
vector pVP62K. 

• The NMR time required was 8 h.
• 0.25 mg purified from 8 wells of Maxwell.
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