




Figure 1. Input and result pages of PSI-BLAST with overlaid windows for genome databases and Jalview alignment viewer (32).
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with the NCBI server, our BLAST tools offer greater flexib-
ility and functionality: searches can be run against uploaded
personal databases or selectable sets of genomes (updated
weekly from NCBI and ENSEMBL), databases can be
switched between PSI-BLAST runs, alignments can be extrac-
ted, viewed online or forwarded to other tools, and two graphs
show matched regions and E-value distributions. The
fastHMMER tool performs HMMER searches of all standard
sequence databases in �10% of the time by reducing the
database with one iteration of PSI-BLAST at a cut-off
E-value of 10 000. PatternSearch identifies sequences contain-
ing a user-defined Prosite pattern or regular expression.
HHpred is a new server for protein structure and function
prediction (5). It takes a query sequence as input and searches
user-selected databases for homologs with a new and very
sensitive method based on pairwise comparison of hidden
Markov models (HMMs). Available databases, among others,
are InterPro, CDD and an aligment database we build from
Protein Data Bank (PDB) sequences and which can be used for
3D structure prediction. HHsenser is a transitive search
method based on HMM-HMM comparison (7). This method
utilizes a sequence as input and builds an alignment with as
many near or remote homologs as possible, often covering the
whole protein superfamily.

The alignment section includes the well-known, popular
multiple alignment program ClustalW (14), together with
the more recently developed multiple alignment methods
ProbCons (15), MUSCLE (16) and MAFFT (17). Also in
this section is Blammer (10), which converts BLAST or PSI-
BLAST output to a multiple alignment by realigning gapped
regions using ClustalW and removing local inconsistencies
through comparison with an HMM. HHalign aligns two align-
ments with each other by pairwise comparison of HMMs and
displays similarities in a profile–profile dotplot.

In the sequence analysis section, we have grouped tools for
repeat identification and analysis of periodic regions in pro-
teins. HHrep is a server for de novo repeat detection that is
very sensitive in finding proteins with strongly diverged
repeats, such as TIM barrels and b-propellers (6). REPPER
(8) analyzes regions with short gapless repeats in protein
sequences. It finds periodicities by Fourier transform and
internal sequence similarity. The output is complemented
by coiled-coil prediction and secondary structure prediction
using PSIPRED (18). Aln2Plot shows a graphical overview of
average hydrophobicity and side chain volume in a multiple
alignment.

In the secondary structure section, Quick2D integrates the
results of various secondary structure prediction programs,
such as PSIPRED (18), JNET (19) and PROFKing (20), the
transmembrane prediction of MEMSAT2 (21) and HMMTOP
(22) and the disorder prediction of DISOPRED (23) into a
single colored view. The AlignmentViewer clusters sequences
by a sequence idenity criterion, annotates groups of sequences
using PSIPRED and MEMSAT2 predictions of a multiple
alignment and graphically displays the results in an interactive
Java applet.

The tertiary structure section contains Modeller (24) and
HHpred (5). Modeller is a very popular program for compar-
ative modeling. It generates a 3D structural model from a
sequence alignment of a protein sequence with one or more
structural templates. In contrast to the standalone version of

Modeller, the input format does not need to be PIR but can also
be FASTA or most other standard multiple alignment formats.
Modeller is tightly integrated with HHpred, allowing selected
hits of HHpred results to be used as templates for subsequent
comparative modeling. On the results page, models can be
evaluated by using a browser-embedded 3D-viewer and charts
with output from several model quality assessment programs
are provided. This allows fast interactive refinement cycles of
the underlying multiple sequence alignment. The page also
provides a link to the iMolTalk server, which offers several
additional tools for the detailed analysis of structures and
models (25,26).

In the classification section, we offer modules of the
widely used phylogenetic analysis suite PHYLIP (27), the
ANCESCON package (28) for distance bases phylogenetic
analysis and CLANS (9). CLANS clusters user-provided
sequences based on BLAST pairwise similarities (29). The
results can be analysed with a CLANS Java applet or can
br exported to CLANS format.

Finally, in the utilities section there is a collection of tools
which help to perform simple tasks that the user will often be
confronted with. It includes a sequence reformatting utility, a
six-frame translation tool for nucleotide sequences, Extra-
ct_gis for the extraction of gi-numbers from BLAST files,
the RetrieveSeq tool for identifier-based sequence retrieval
from the non-redundant protein or nucleotide databases at
NCBI, gi2Promotor for the extraction of nucleotide sequences
upstream of genes identified by the gi-numbers of their
encoded proteins and a backtranslation tool.

FUTURE PLANS

Our own research on protein evolution now heavily depends
on the toolkit server. We will therefore continue to integrate
new tools as they become available and improve the usability
of the toolkit. For instance, a project manager will be added
that will further facilitate the organization and long-term stor-
age of job results. On the technical side, we are currently in the
process of porting the Toolkit to a new Rails-based web frame-
work that permits shorter development cycles and more flex-
ible tool interactions. The new architecture is fully object
oriented and renders the Toolkit easily installable. We will
package the Toolkit framework together with our in-house
tools and distribute it freely under the GNU LGPL.

ACKNOWLEDGEMENTS

We thank Pawel Szczesny for contributing Aln2Plot and
Tancrd Frickey for many fruitful discussions and developing
various tools. We thank all users who helped to improve our
server with their questions, feedback, bug reports and tool
suggestions. Funding to pay the Open Access publication
charges for this article was provided by the Max-Planck
society.

Conflict of interest statement. None declared.

REFERENCES

1. Rost,B. and Liu,J. (2003) The PredictProtein server. Nucleic Acids Res.,
31, 3300–3304.

W338 Nucleic Acids Research, 2006, Vol. 34, Web Server issue

 at G
eneralverw

altung der M
ax-Planck-G

esellschaft on M
arch 19, 2014

http://nar.oxfordjournals.org/
D

ow
nloaded from

 

http://nar.oxfordjournals.org/
http://nar.oxfordjournals.org/


2. Gracy,J. and Chiche,L. (2005) PAT: a protein analysis toolkit for
integrated biocomputing on the web. Nucleic Acids Res., 33 (Suppl. 2),
W65–W71.

3. Subramaniam,S. (1998) The biology workbench—a seamless database
and analysis environment for the biologist. Proteins, 32, 1–2.

4. Badidi,E., De Sousa,C., Lang,B. and Burger,G. (2003) Anabench: a
web/corba-based workbench for biomolecular sequence analysis. BMC
Bioinformatics, 4, 63.
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8. Gruber,M., Söding,J. and Lupas,A. (2005) REPPER—repeats and their
periodicities in fibrous proteins. Nucleic Acids Res., 33, W239–W243.

9. Frickey,T. and Lupas,A. (2004) CLANS: a Java application for
visualizing protein families based on pairwise similarity.
Bioinformatics, 20, 3702–3704.

10. Frickey,T. and Lupas,A.N. (2004) PhyloGenie: automated phylome
generation and analysis. Nucleic Acids Res., 32, 5231–5238.

11. Altschul,S., Gish,W., Miller,W., Meyers,E. and Lipman,D. (1990) Basic
Local Alignment Search Tool. J. Mol. Biol., 215, 403–410.

12. Altschul,S., Madden,T., Schaffer,A., Zhang,J., Zhang,Z., Miller,W.
and Lipman,D. (1997) Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs. Nucleic Acids Res.,
25, 3389–3402.

13. Eddy,S. (1998) Profile hidden Markov models. Bioinformatics, 14,
755–763.

14. Thompson,J., Higgin,D. and Gibson,T. (1994) CLUSTAL W: improving
the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight matrix
choice. Nucl. Acids Res., 22, 4673–4680.

15. Do,C.B., Mahabhashyam,M.S., Brudno,M. and Batzoglou,S. (2005)
ProbCons: probabilistic consistency-based multiple sequence alignment.
Genome Res., 15, 330–340.

16. Edgar,R.C. (2004) MUSCLE: multiple sequence alignment with high
accuracy and high throughput. Nucl. Acids Res., 32, 1792–1797.

17. Katoh,K., Misawa,K., Kuma,K.-I. and Miyata,T. (2002) MAFFT: a
novel method for rapid multiple sequence alignment based on fast
Fourier transform. Nucleic Acids Res., 30, 3059–3066.

18. Jones,D. (1999) Protein secondary structure prediction based on
position-specific scoring matrices. J. Mol. Biol., 292, 195–202.

19. Cuff,J. and Barton,G. (2000) Application of multiple sequence
alignment profiles to improve protein secondary structure prediction.
Proteins, 40, 502–511.

20. Ouali,M. and King,R. (2000) Cascaded multiple classifiers for
secondary structure prediction [In Process Citation]. Protein Sci., 9,
1162–1176.

21. Jones,T., Taylor,W. and Thornton,J. (1994) A model recognition
approach to the prediction of all-helical membrane protein structure and
topology. Biochemistry, 33, 3038–3049.
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