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Motifs can be identified by multiple-sequence alignments of 
proteins. Aligned motifs are called blocks. Blocks are extremely 
useful in various areas of protein research. In particular, they are 
effective in identifying new family members through database 
sequence searches, in predicting the proteins function and 
structure, and in designing PCR primers to amplify genes of 
unknown family members.

The latest method our group developed is CYRCA (Cyclical 
Relations Consistency Analysis). CYRCA processes results of 
block to block comparisons (done with our LAMA program) 
and identifies sets of related blocks. Each set typically 
characterizes a motif of similar function and structure that 
appears in different contexts. For example, ATP-binding sites, 
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Our main area of research are the relations between the 
function and structure of proteins and their sequence. We 
approach this basic problem by computational sequence 
analysis and experimental research. Our computational studies 
focus on the analysis and use of conserved protein regions. The 
group is developing methods for using and identifying protein 
motifs. Much of this work involves the Blocks Database of 
conserved protein motifs and the tools we develop to use and 
maintain it. We also do in-depth computational studies particular 
protein families. These studies guide our experimental research 
for some of these families. For other families we collaborate 
with experimental research groups. Data and insights from our 
advanced computational analysis were very successfully used 
to direct experimental work.

Fig. 1 Rossmann-type folds ligand binding 

motif.

CYRCA sequence analysis identified a set 

of 47 different blocks, 22 of which from 

families with known protein structures. These 

structures belong to eight different folds. 

The figure shows structure superimposition 

of ligand binding regions from representative 

structures of the folds. Note that all 

ligands are bound on one plane and their 

phosphate/sulphate groups are placed in 

two regions. Each structure is colored 

differently with the protein backbones shown 

in strands and ligands shown as ‘sticks’ with 

phosphates, sulfate and an oxygen to be 

phosphorylated shown in spheres. See Kunin 

et al., 2001.
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helix-turn-helix DNA-binding motifs, active residues of catalytic 
triad proteases etc. Many of these sets cannot be identified by 
sequence to sequence and block to sequence comparisons. 
Our automatic grouping procedure allows to hierarchically order 
large amounts of protein sequence data. Individual sequences 
are grouped by families, in each family motifs are identified and 
aligned in blocks, blocks from different families are grouped 
in CYRCA sets. This procedure offers detailed functional 
predictions for whole proteins, specific regions and single 
residues that can be experimentally tested.

We are studying in detail motifs that are found in different 
protein families and interact with a single type of protein. For 
example, PCNA is a protein that forms a ‘sliding-clamp’ on DNA. 
Proteins that bind to PCNA are thus able to processively interact 
with DNA without specifically binding to any one region along 
it. Such proteins include DNA replication proteins, DNA and 
chromatin maintenance proteins and cell cycle regulators. PCNA 
binding sites that are found in different protein families mainly 
evolved independently of each other by convergence. Beyond 
improving the detection ability for these important sites and 
identifying new proteins that bind PCNA, we study the evolution 
of protein-protein interaction sites. This is relevant for research 
of proteins post translational modification sites, degradation 
signals etc.

The main protein family we currently study is inteins. Inteins 
are selfish genetic elements. They code for proteins that catalyze 
their excision out of host proteins, ligating the host flanks with a 
polypeptide bond. This protein splicing activity is autoproteolytic 
and is not dependent on any host specific factors. Most inteins 
also include a homing endonuclease domain that mediates the 
recombination of the intein gene into alleles lacking the intein 
element. The protein-splicing and endonuclease domains found 
in inteins are also present in other proteins. In some, the 
function of the domain is different, such as the C-terminal part of 
Hedgehog developmental proteins that has a protein-splicing-like 
domain. In others, the function seems the same, such as 
different types of nucleases that have homing endonuclease 
domains.

We are interested in inteins function and their evolution - 
understanding how they are selected and propagated and 
where they originated from. Inteins are very diverse in sequence 
but all have a protein-splicing activity that is relatively simple 
to assay. Hence, inteins are convenient for studying protein 
sequence/function relation. Recently we have shown that 
inteins with highly atypical active site residues can efficiently 
protein-splice. We also identified and showed the activity of 
a unique group of inteins that occur in insect viruses. These 
are the only inteins known to naturally protein-splice in the 

cytoplasm of multicellular organisms. The inteins we identified 
protein spliced in E.coli and in insect cells and an intein with an 
endonuclease domain cut intein-less alleles.
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