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Structural bioinformatics
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ABSTRACT

Summary: XtalPred is a web server for prediction of protein

crystallizability. The prediction is made by comparing several

features of the protein with distributions of these features in

TargetDB and combining the results into an overall probability of

crystallization. XtalPred provides: (1) a detailed comparison of the

protein’s features to the corresponding distribution from TargetDB;

(2) a summary of protein features and predictions that indicate

problems that are likely to be encountered during protein crystal-

lization; (3) prediction of ligands; and (4) (optional) lists of close

homologs from complete microbial genomes that are more likely to

crystallize.

Availability: The XtalPred web server is freely available for academic

users on http://ffas.burnham.org/XtalPred

Contact: adam@burnham.org

1 INTRODUCTION

The high failure rate in experimental determination of protein

structures is still one of the biggest challenges of structural

biology. Data from Structural Genomics (SG) centers show

that the overall success rate in a high-throughput (HT) setup

has only been around 5% and while no statistics are available

for regular structural biology labs, anecdotal evidence suggests

that the failure rate is also very high. Bioinformatics tools can

aid in recognizing which proteins are more likely to succeed and

provide suggestions of possible modifications for all the others.

Selection of targets with the highest chance of success is

especially useful for SG centers, targeting protein families

rather than individual proteins.

The relation between proteins’ features and their crystal-

lizability has been investigated by several groups (Bertone et al.,

2001; Canaves et al., 2004; Goh et al., 2004; Oldfield et al.,

2005). However, traditional labs report only successes in

structure determination, making data mining analyses almost

impossible due to a lack of appropriately balanced data sets

with positive and negative data. This situation changed with

establishment of the Protein Structure Initiative (www.nigms.

nih.gov/Initiatives/PSI), which requires its member centers to

report both successes and failures to a central database,

TargetDB (Chen et al., 2004). Learning sets extracted from

TargetDB have allowed more advanced analyses (Chandonia

et al., 2006; Overton and Barton, 2006; Smialowski et al.,

2006), which we expand here using data and insights

stemming from work in the Joint Center for Structural

Genomics (JCSG).

We have used the logarithmic opinion pool method (Genest

et al., 1984) to combine the probability distributions calculated

for several individual protein features into a ‘‘crystallization

feasibility score’’ (Slabinski et al., 2007), where we demon-

strated that our method can significantly improve the overall

success rate in structure determination. Analysis of depositions

in the PDB (Berman et al., 2000) has confirmed that the same

protein features also have substantial impact on success rates in

standard, non-HT structure determination, suggesting that the

‘‘crystallization feasibility score’’ would also be of significant

interest to a broad structural biology community. Since 2006,

our algorithm has been used successfully at the JCSG to select

optimal structure determination targets from protein families

with no or inadequate structural coverage.

The XtalPred server builds on the statistical knowledge about

protein crystallization gathered by the PSI over the past 7 years

and makes the insights from the HT structure determination

available to a broad community of structural biologists.

2 SERVER FEATURE SUMMARY

Crystallization analyses: the web server compares nine bio-

chemical and biophysical features of the protein being analyzed

with corresponding probability distributions from TargetDB.

A plot is generated for each protein feature, showing distri-

butions of failures and successes in the sets extracted from

TargetDB; interpolated empirical distributions of crystalliza-

tion probability; and the positions of the protein in those

distributions (Fig. 1).
Crystallization prediction: the prediction is made by combin-

ing individual crystallization probabilities into a single crystal-

lization score. Based on this score, the protein is assigned to one

of five crystallization classes: optimal, suboptimal, average,

difficult, and very difficult (Fig. 1).
Summary of information about the protein: the server

calculates and predicts protein features that are related to

protein crystallizability and summarizes them on one web page.*To whom correspondence should be addressed.
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Calculated protein features include: protein length; molecular

mass; gravy index (Kyte and Doolittle, 1982); instability index

(Guruprasad et al., 1990); extinction coefficient (Gill and von

Hippel, 1989); isoelectric point (Creighton, 1984); content of

Cys, Met, Trp, Tyr, and Phe residues; and average number of

insertions in the alignment compared to homologs in non-

redundant (NR) database of protein sequences. The predicted

features include: secondary structure, disordered regions, low-

complexity regions, coiled-coil regions, transmembrane helices,

and signal peptides. The features that may indicate problems

during the crystallization process are highlighted. In the case of

predictions made by external software (Section 3), the raw

output is available as text files.

Close homologs that are more likely to crystallize: precalcu-

lated crystallization class for all complete microbial genomes

(currently 487 genomes; 1, 549, 504 proteins) are available from

the server. For each submitted protein, the server provides a list

of its homologs with the information about their crystal-

lizability class. The list also contains links to detailed

information about each homolog.

Fold and ligand prediction: XtalPred provides sequence

alignment of the input protein with all homologous proteins in

PDB. It also contains a list of ligands co-crystallized with

homologous proteins and their secondary structure.
Scalability: the server can process up to 10 sequences in a

single submission. Larger submissions should be discussed with

a web server administrator.

Homologs: the server provides the alignment with homologs

that can be used to propose truncations.

3 SERVER DETAILS

The XtalPred server uses several publicly available programs

for calculation and prediction of protein features: PSI-BLAST

for homology searches; CD-HIT (Li and Godzik, 2006) for

clustering protein sequence databases; COILS (Lupas et al.,

1991) for prediction of coiled-coil regions, TMHMM (Krogh

et al., 2001) for prediction of transmembrane helices; RPSP

(Plewczynski et al., 2007) for prediction of signal peptides, SEG

(Wootton, 1994) for calculation of low-complexity regions;

PSIPRED (Jones, 1999) for secondary structure prediction; and

DISOPRED2 (Ward et al., 2004) for prediction of structurally

disordered regions.
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