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Program: 
 
The Workshop takes place in the lecture hall, 3rd floor (Härtelstr. 16-18) 
Poster session will be in 1st floor. 
 
June 9, 2005   
   
  9:30 – 9:40 Peter F. Stadler Welcome 
   
  9:40 – 10:25 Matthias Görlach Structure-function relationship 

in RNA tetraloops: an old chap 
in new garb 

   
 10:25 – 11:10 Gerhard Steger A Computational Approach To 

Search For Non-coding RNAs 
In Large Genomic Data 

   
11:10 – 11:30 Coffee break  
   
11:30 - 12:15 Utz Fischer Ribonucleoprotein particles in 

disease and development 
 

12:15 – 13:00 Rolf Backofen Investigation of RNA Sequence 
Structure Properties 

   
13:00 - 14.30 Lunch  
   
14:30 - 15:15 Catherine Florentz Subtle adaptation of a human 

mitochondrial aminoacyl-tRNA 
synthetase in response to 
severe cognate tRNA 
degeneracy 
 

15:15 - 16:00 Andre Schneider tRNAs in Trypanosoma brucei: 
mitochondrial import and role in 
organellar translation 
 

16:00 -17:00  Coffee break and Poster Session 
   
17:00 - 17:45 Knud Nierhaus Three layers of a regulatory 

cascade in bacteria 
 

17:45 - 18:30 Jan Gorodkin Mutual search for conserved 
RNA structure between two 
sequences with low sequence 
similarity 
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June 10, 2005   
   
  9:30 – 10:30 Alexander 

Hüttenhofer 
The brave new world of non-
protein-coding RNAs: 
identification and function 
 

10:30 – 10:50 Christina 
Kyriakopoulou 

What the European Commission 
is funding in the field of Life 
Sciences and the RNA 
research? 

   
10:50 – 11:15 Coffee break  
   
11:15 – 12:00 Ivo Hofacker From consensus structure 

prediction to RNA gene-finding 
 

12:00 – 12:45 Bernd-Joachim 
Benecke 

Structural and phylogenetic 
aspects of small stable RNA 
molecules synthesized by RNA 
polymerase III 

   
12:45 - 14:30  Lunch  
   
14:30 – 15:15 Roland Hartmann RNase P - mechanistic studies 

of a natural ribozyme 
 

15:15 – 16:00 Fabrice Jossinet Sequence to Structure (S2S): 
display, manipulate and 
interconnect RNA data from 
sequence to structure 
 

16:00 -17:00  Coffee break and Poster Session 
   
17:00 – 17:45 Wolfgang Nellen Three Sides of a Coin: The 

RNAi Machinery in 
Transcriptional and 
Posttranscriptional Gene 
Silencing 
 

17:15 – 18:30 Kay Nieselt Natural Antisense Transcripts in 
Eukaryotes: an intra- and 
interorganismal survey 
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June 11, 2005   
   
  9:30 – 10:30 Peter Schuster RNA secondary structures 

beyond neutral networks 
 

10:30 – 10:50 Klaus Scherrer Primary Transcripts serve as 
the Scaffold of the RNA-
dependant Nuclear Matrix 

   
10:50 – 11:15 Coffee break  
   
11:15 – 12:00 Jörg Hackermüller Modulating RNA-protein 

interactions using short 
antisense RNAs (modRNAs) 
 

12:00 – 12:45 Bernd Misof rRNA’s and phylogenetic 
reconstructions, a new twist in 
an old tale 

   
12:45 - 14.30 Lunch  
   
14:30 - 15:15 Astrid Schön On the evolution of RNA 

structure and function: The 
architecture of RNase P from 
primitive organisms  
 

15:15 - 16:00 Robert Giegerich The Magic of Abstract Shape 
Analysis 
 

16:00 -17:00  Coffee break and Poster Session 
   
17:00 - 17:45 Jörg Vogel Small Regulatory RNAs in 

bacteria 
 

17:45 - 18:30 Mihaela Zavolan Identification and expression 
analysis of miRNA genes  
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Structure-function relationship in RNA tetraloops: an old chap in 
new garb 

 
Matthias Görlach 

 
Molecular Biophysics/NMR spectroscopy, 

Institute for Molecular Biotechnology, 
Beutenbergstr. 11, 07745 Jena; 

mago@imb-jena.de 
 
A 5´–terminal cloverleaf–like RNA structure comprising four subdomains (stem 
A and the stemloops B, C, D) is essential for the initiation of positive and 
negative strand RNA synthesis of picornaviruses. Stemloop D (SLD, approx. 35 
nt) is the cognate RNA ligand of the viral proteinase 3C (3Cpro) both of which 
are an indispensable component of the viral replication initiation complex. Our 
recent in vitro and in vivo binding studies indicated that the tetraloop (D-loop) 
capping SLD is a critical element for the specific binding of 3Cpro. However, 
there is an intriguing degree of sequence variation among D-loops of 
picornaviruses and, hence, no well defined consensus sequence motif for 
binding D-loops could be deduced from our binding studies. In order to 
understand the basis of the specific RNA:protein recognition in this system, we 
determined the structure in solution of two highly homologous SLDs which, 
however, carry very different D-loop sequences (cCACGg; cGUUAg). 
Surprisingly and in spite of their difference in sequence, both D-loops exhibit a 
backbone conformation and a base stacking pattern highly similar to the 
cUNCGg–type stable tetraloop. Also, as in UNCG-type loops, the fourth D-loop 
nucleotide adopts a syn conformation resulting in a novel G:synA pseudo base 
pair in the cGUUAg tetraloop. This indicates that the sequence space for 
tetraloops capable of accomodating a UNCG–type conformation is much larger 
than anticipated. Further NMR experiments demonstrated that the residues of 
those D-loops are involved in interactions with 3Cpro, thereby providing direct 
physical evidence for a structure rather than sequence specific SLD recognition 
by the proteinase 3C. Interestingly, a single mutation of the cGUUAg-loop to 
yield a cGUAAg-loop dramatically reduces 3Cpro binding to SLD. This 
cGUAAg-loop, however, belongs to a second class of tetraloops, the structurally 
distinct GNRA-type stable tetraloops. This finding invites the speculation, that 
the UNCG-type and the GNRA-type tetraloops can interconvert easily 
throughout evolution unless selective mechanisms like the RNA:protein 
interaction in picornaviruses here or RNA:RNA interactions e.g. in self splicing 
introns would render such transitions functionally non-viable. 
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A Computational Approach To Search For Non-coding RNAs  
In Large Genomic Data  

 
Stefan Gräf 1 , Jan-Hendrik Teune 1 , Dirk Strothmann 2,3 Stefan Kurtz 2 , Rita 

Przybilski 4 , Christian Hammann 4 , Gerhard Steger 1  
 

1 Institut für Physikalische Biologie, Heinrich-Heine-Universität Düsseldorf, Universitätsstr. 
1, 40225 Düsseldorf, steger@biophys.uni-duesseldorf.de  
2 Abteilung für Genominformatik, Zentrum für Bioinformatik, Universität Hamburg, 
Bundesstraße 43, 20146 Hamburg, kurtz@zbh.uni-hamburg.de  
3 AG Praktische Informatik, Technische Fakultät, Universität Bielefeld, 33501 Bielefeld  
4 AG Molecular Interactions, Department of Genetics, FB 18 Naturwissenschaften, 
Heinrich-Plett-Str. 40, Universität Kassel, D-34132 Kassel, c.hammann@uni-kassel.de  

 
Over the last years several specialized software tools have been developed, each 
allowing to find a certain class of RNAs in sequence data. Here we describe a 
general tool that allows to specify many different non-coding RNAs and 
structural RNA elements by a simple pattern description language. To take into 
account that RNA is normally conserved in structure as well as in sequence, the 
pattern description language combines methods to describe sequence and 
structural similarities as well as further characteristics, e. g. thermodynamic 
constraints.  
 
Structure and sequence based patterns describing certain classes of RNAs are 
collected in a Web-based pattern library. These include simple patterns - e. g. 
describing extrastable tetraloops and small regulatory stem-loop structures - as 
well as more complex patterns, e. g. describing pseudoknots, ribozymes, SRP 
RNAs, 5 S RNA, and selenocysteine insertion sequences. A web-based service 
allows a user to search the patterns from the library in sequences given by the 
user. Alternatively, the user can specify a pattern which is searched in public 
genomic sequence data. 
 
Here we give a comprehensive introduction of the pattern language, describe 
how to systematically derive pattern descriptions, and show some results on 
purine riboswitches and on hammerhead ribozymes obtained using this 
computational approach.  
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Ribonucleoprotein particles in disease and development 
 

Eggert, C., Grimmler, M., Giegerich, M., Winkler, C., Laggerbauer, B.  and  
Utz Fischer 

Institut für Biochemie, Biozentrum der Universität Würzburg, 
Am Hubland, D-97074 Würzburg 

 

Spinal muscular atrophy is a neuromuscular disease caused by reduced levels of 
the survival motor neuron (SMN) protein. SMN is part of a macromolecular 
(“SMN”)-complex that, together with the PRMT5-complex mediates the 
assembly of Sm proteins onto spliceosomal U snRNPs. We have defined 
different steps of the assembly pathway in an in vitro assay that closely mimics 
in vivo conditions. After translation in the cytoplasm, Sm proteins are initially 
sequestered by the PRMT5 complex. In a second step, the Sm proteins are 
directly transferred to the SMN-complex. The Sm protein transfer is dependent 
on the prior modification of arginines in B/B’, D1 and D3 to symmetrical 
dimethylarginines, catalysed by the methyltransferase PRMT5. Further 
experiments suggest that post-translational modifications on different 
components of the SMN/PRMT5-complex contribute to the dynamics of the 
assembly reaction. Finally, we have employed gene silencing to assess the effect 
of SMN protein paucity on UsnRNP metabolism in living cells and organisms. 
In HeLa cells, we show that reduction of SMN to pathological levels impairs 
UsnRNP assembly. In line with this, induced silencing of SMN expression in 
Xenopus laevis or zebrafish arrested embryonic development. Under less 
stringent conditions, zebrafish embryos proceeded through development, yet 
exhibited dramatic SMA-like motoneuron degeneration. The same was observed 
after silencing two other essential factors in the UsnRNP assembly pathway, 
Gemin2 and pICln. Importantly, the injection of purified UsnRNPs into SMN-
deficient embryos of Xenopus and zebrafish prevented developmental arrest and 
motoneuron degeneration, respectively. These findings suggest that motoneuron 
degeneration in SMA patients is a direct consequence of impaired production of 
UsnRNPs. 
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Investigation of RNA Sequence Structure Properties 
 

Rolf Backofen 
 

Lehrstuhl für Bioinformatik, Institut für Informatik 
Friedrich-Schiller-Universität Jena 

Ernst-Abbe-Platz 2 
D-07743 Jena, Germany 

 
Previously, RNA was more or less considered to be just an intermediate step in 
the translation from DNA to protein. But recently, RNA gained more interested 
since it was found that it has much more functionality. This was the reason that 
research on small RNAs was cited as past year scientific breakthrough. 
 
Hence, one is especially interested in finding conserved RNA-motifs. It has been 
shown that structure is more conserved than sequence when considering RNA-
motifs. This implies that all sequence-based methods for finding RNA-motifs 
such as multiple sequence alignment will fail. 
 
We will shortly give an overview over existing approaches for finding RNA-
motifs, before we consider some problems (such as finding the consensus 
structure) in more detail. Especially, we will report on new results on our 
MARNA program, which is a system for generating multiple sequence-structure 
alignments. 
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Subtle adaptation of a human mitochondrial aminoacyl-tRNA 
synthetase in response to severe cognate tRNA degeneracy 

 

Aurélie Fender, Marie Messmer, Joern Pütz, Claude Sauter, Richard Giegé, 
Marie Sissler and Catherine Florentz 

 

UPR 9002 du CNRS, Institut de Biologie Moléculaire et Cellulaire, 15 rue R. Descartes, F-
67084 Strasbourg Cedex, France 

 

 The mammalian mitochondrial (mt) translation machinery is of dual 
origin with tRNAs encoded by the mt genome and aminoacyl-tRNA synthetases 
(aaRSs) encoded by the nuclear genome and imported from cytosol. Due to the  
10 to 17-fold higher rate of the mt genome as compared to the nuclear DNA, mt 
tRNAs display significantly degenerated sequences and foldings, with biased 
primary sequences, large size variations in loops, and absence of classical 
tertiary interactions [1]. This is typically the case for human mt tRNAAsp, which 
in addition misses some major identity nucleotides identified as aspartate 
specific elements in other organisms. At opposite, the cognate human mt 
synthetase is a typical eubacterial-type AspRS [2], a situation which rises 
questions as to the evolution of the nuclear encoded cognate AspRS to the 
rapidly degenerating  tRNA. 
 
 Functional analyses of in vitro transcribed human mt tRNAAsp variants 
revealed that mt AspRS aspartylation capacitiy is only sensitive to mutations 
within the anticodon loop, confirming degeneracy of the mt aspartate identity 
set. Co-evolution of the synthetase in regard of non-conservation of one of the 
major aspartate identity elements was  investigated on the basis of a homology 
model of mt AspRS generated from crystallographic data of the E. coli 
tRNAAsp/AspRS complex and a mutagenic analysis. A single point mutation is 
sufficient to convert the relaxed mt AspRS into a strongly discriminating 
enzyme, requiring the full set of aspartate identity elements. We conclude that a 
subtle and focused sequence change in the nuclear encoded mt AspRS is 
sufficient to enable adaptation to its rapidly evolving RNA substrate. 
 

1. Helm M, Brulé H, Friede D, Giegé R, Pütz J. and Florentz C (2000) Search for 
characteristic structural features of mammalian mitochondrial tRNAs. RNA 6, 1356-1379. 

2. Bonnefond L, Fender A, Rudinger-Thirion J, Giegé R, Florentz C and Sissler M. (2005) 
Towards the full set of human mitochondrial aminoacyl-tRNA synthetases: 
characterization of AspRS and TyrRS. Biochemistry, 44, 4805-16. 
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tRNAs in Trypanosoma brucei: mitochondrial import and role in 
organellar translation 

 
André Schneider 

 
Department of Biology/Zoology, University of Fribourg, Switzerland 

 
In contrast to the majority of mitochondrial proteins, RNAs that function in 
mitochondria are generally encoded by the mitochondrial genome. However, 
evidence for transport of nuclear-encoded tRNAs into mitochondria has been 
presented in a variety of evolutionary widely separated organisms. While 
mitochondrial protein import has been characterized in great detail, little is 
known about the pathway of tRNA import. The parasitic protozoa Trypanosoma 
brucei is a particularly interesting system in which to study this process since, 
unlike most other organisms, it imports the complete set of mitochondrial 
tRNAs from the cytosol. 
Mitochondrial tRNA import can be subdivided into following three temporally 
and spatially ordered steps: (i) targeting of the tRNA, (ii) membrane 
translocation and (iii) the post import fate of the tRNA. Not all cytosolic tRNAs 
are imported into mitochondria, thus targeting signals and mechanisms are 
required to initiate mitochondrial tRNA import and to guarantee its specificity. 
The next step concerns the actual transport, the selected tRNAs need to be 
translocated across the outer and the inner mitochondrial membranes, a process 
mediated by as yet unknown membrane proteins. Finally, the imported, 
eukaryotic-type tRNAs, which are now localized in the matrix, have to be 
functionally integrated into the bacterial-type translation system of 
mitochondria. In my seminar I will present and discuss results which mainly 
focus on tRNA targeting and on the functional integration of the imported 
tRNAs into the mitochondrial translation system". 
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Three layers of a regulatory cascade in bacteria 
 

Knud H. Nierhaus 
 

Max-Planck-Institut für Molekulare Genetik, Ihnestr. 73, 14195 Berlin 
 
The basic regulation network in bacteria is the so called stringent response that 
is triggered by a curtailment of food, e.g. shortage of amino acids. The result is 
the formation of a significant pool of uncharged (= deacylated) tRNAs that can 
bind to the ribosomal A site rather than the canonical substrate of aminoacylated 
tRNA within the ternary complex aa-tRNA·EF-Tu·GTP. A deacylated tRNA at 
the A-site provokes the synthesis of the alarmon (p)ppGppp by RelA, a protein 
bound to ribosomes. (p)ppGppp binds to the β-subunit of the transcriptase with 
the result that transcription of genes belonging to the translational apparatus are 
switched off, whereas enzymes involved in amino-acid synthesis are switched 
on (Wendrich et al., 2002). 
If the situation does not change, a second layer of regulation is activated 
involving the “suicidal system” RelBE (Wilson and Nierhaus, 2005). The relBE 
operon codes for the stable toxin RelB and labile antitoxin RelE. The toxin 
recognizes a stalled ribosome and cut the mRNA at the A site codon 
preferentially after the second nucleotide (Pedersen et al., 2003). 
The resulting ribosomal complex with the truncated mRNA and the unfinished 
nascent peptide chain is the target of tmRNA together with the SmpB protein, 
components or the third layer of regulation. The tmRNA provides the nascent 
chain with a tag that is a signal for a protease and allows the ribosome to run 
through the normal process of termination, so that the ribosomes can be recycled 
and are ready for initiating synthesis of a new protein (Karzai et al., 2000). As 
long as tmRNA is on the ribosome, the protein SmpB is also present 
(Shpanchenko et al., 2005), a fact that we have not yet understood. 
The main aim of this regulatory cascade is to provide the cell with some amino 
acids via the efficient degradation of unfinished proteins in the time of food 
curtailment. 
 

Karzai, A., Roche, E., and Sauer, R. (2000). The SsrA-SmpB system for protein tagging, 
directed degradation and ribosome rescue. Nat. Struct. Biol. 7, 449-455. 

Pedersen, K., Zavialov, A. V., Pavlov, M. Y., Elf, J., Gerdes, K., and Ehrenberg, M. 
(2003). The bacterial toxin RelE displays codon-specific cleavage of mRNAs in the ribosomal 
A site. Cell 112, 131-140. 

Shpanchenko, O. V., Zvereva, M. I., Ivanov, P. V., Bugaeva, E. Y., Rozov, A. S., 
Bogdanov, A. A., Kalkum, M., Isaksson, L. A., Nierhaus, K. H., and Dontsova, O. A. 
(2005). Stepping tmRNA through the ribosome. J. Biol. Chem., in press. 

Wendrich, T. M., Blaha, G., Wilson, D. N., Marahiel, M. A., and Nierhaus, K. H. (2002). 
Dissection of the mechanism for the stringent factor RelA. Mol. Cell 10, 779-788. 

Wilson, D. N., and Nierhaus, K. H. (2005). RelBE or not to be. Nat. Struct. Mol. Biol. 113, 
in press. 
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Mutual search for conserved RNA structure between two 
sequences with low sequence similarity 
 

Jan Gorodkin 
 

The Royal Veterinary and Agricultural University 
Division of Genetics 

Department of Basic Animal and Veterinary Science 
Groennegaardsvej 3, 1870 Frederiksberg C, Denmark 

Phone: +45 3528 3578 
Fax: + 45 3528 3042 

Email: gorodkin@bioinf.kvl.dk 
 
Comparative sequence analysis is essentially based on comparison of conserved 
or semi-conserved sequence between multiple organisms. In such an approach 
conserved RNA structure that is not well conserved in sequence can be 
overlooked. Here, we introduce an updated version of FOLDALIGN for 
conducting mutual scan on two sequences for a common RNA secondary 
structure. The algorithm is based on Sankoff's algorithm and previous versions 
of FOLDALIGN and due to the computational complexity the common motif 
searched for is constrained in length. The folding part of FOLDALIGN is shown 
to be equally good with similar methods. In particular we have focused on 
sequences with less than 40% similarity. For the scanning part it is further 
required that the RNA structure searched for was not energetically 
distinguishable from its surrounding sequence. Examples of predictions and 
experimental testing are given. 
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The brave new world of non-protein-coding RNAs: identification 
and function 

 
Alexander Hüttenhofer 

 
Innsbruck Medical University - Biocenter 

 
Genome projects are aimed towards identification of complete sets of genes in a 
given organism. This is a prerequisite for a complete understanding of biology 
including gene expression, function of its products and evolutionary 
relationships. Current approaches primarily focus on protein-coding genes. 
Genes that express short (e.g. <300 nt) open reading frames (ORFs) or genes 
encoding small non-protein-coding RNAs (ncRNAs), are currently difficult to 
identify with bio-computational methods, only. Unlike for predicting mRNAs, 
where computer programs aid in identifying coding regions by the presence of 
promoter elements, splice sites and open reading frames (ORFs), ncRNAs are 
more difficult to predict solely by in silico analysis. Small non-protein-coding 
RNAs play a wide range of roles in the cell from chromosomal DNA replication 
(telomerase RNA) or splicing (small nuclear RNAs) to translation (tRNAs, 
ribosomal RNAs) and regulation of gene expression (miRNAs, siRNAs). We 
have selected several different model organisms from all three domains of life, 
e.g. Eukarya, Bacteria and Archaea for establishing cDNA libraries encoding for 
ncRNAs. Only a relatively small number of ncRNAs has been described so far 
for the these organisms whose complete genomic sequence has been elucidated. 
Therefore, we are taking an experimental approach, designated as Experimental 
RNomics, in order to identify the majority of expressed RNA sequences 
transcribed from the genomes of these model organisms. The initial analysis of 
their sequence is followed by studies of their structure, expression, function 
(initially in selected cases), role in genetic disease, and in pharmacogenetics. 
These small RNAs might also serve as ideal targets for pharmaceutical drugs 
such as antibiotics.  
So far we have identified well over 700 novel ncRNA candidates. Expression of 
all ncRNAs was investigated by Northern blot analysis: developmentally 
regulated ncRNAs (Drosophila melanogaster) as well as tissue-specifcally 
expressed snmRNAs (Mus musculus, Arabidopsis thaliana) could be identified 
in our study. The majority of  snmRNAs is usually involved in housekeeping 
functions such as splicing or translation (see above). The presence of tissue-
specific or developmentally regulated snmRNAs is therefore very surprising and 
might imply a role of these RNAs in the regulation of development or tissue-
specificity. At least in one case, we have evidence that ncRNAs might also play 
a role in human diseases: we could demonstrate that three brain-specific 
ncRNAs (designated as snoRNAs) might be directly involved in the etiology of 
the Prader-Willi-Syndrome, a neuro-degenerative disease.  
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From consensus structure prediction to RNA gene-finding 
 

Ivo Hofacker 
 

Institut für theoretische Chemie, Währingerstr. 17, 
A-1090 Wien, Austria 

Fax: +43-1-4277-52793 
Phone: +43-1-4277-52738 

ivo@tbi.univie.ac.at 
 
Many functional RNA molecules depend upon on a characteristic secondary 
structure. This structure is strongly conserved in evolution in spite of sequence 
variation. Algorithms that predict the consensus structures from an alignment 
exploit this to achieve highly accurate predictions. Conversely, structure 
prediction can be used to detect the presence of an evolutionary conserved 
structures. 
 
Our program RNAz presents a particulary efficient method to detect the 
presence of a functional RNA structure in an alignment. It is based on two 
criteria, a novel measure of structural conservation, and measure of 
thermodynamic stability. A support vector machine is then trained to classify the 
alignment as structural RNA or not. 
 
RNAz has very good accuracy and is fast enough to be used for scans of large 
genomes. In a first application, we performed a scan of vertebrate genomes that 
resulted in over 30000 structured RNA elements in mammals, almost 1000 of 
which are conserved across all vertebrates. While we recover most of the known 
ncRNAs, only a small fraction of our predictions has been described previously. 
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Structural and phylogenetic aspects of small stable RNA 
molecules synthesized by RNA polymerase III 

 

Bernd-Joachim Benecke, Dorota Koper-Emde, Thomas Wegert and  
Elena Guschina 

 
Department of Biochemistry, Gene Regulation Group, Ruhr-University Bochum, Germany 

 
Phylogenetically, the synthesis of small stable RNA species by RNA 
polymerase III appears to be the most ancient transcriptional machinery of 
eucaryotes. This is highlighted in particular by gene internal promoters, short 
length of transcripts and changing sensitivities towards α-amanitin. By studying 
transcription of various pol III genes, we find that the correct structure of newly 
synthesized RNA molecules is a major determinant of efficient gene expression. 
Structural mutations of the RNA do interefere with facilitated reinitiation of 
transcription by pol III. A hypothetical model for the proposed mechanism will 
be presented. 
 
From yeast to man, genes transcribed by RNA polymerase III show considerable 
sequence variation. This is not a uniform process during evolution. Rather, 
distinct degrees of sequence conservation are observed for individual small 
RNA species. Among the abundant small stable RNAs found in mammalian 
cells, 7S K RNA molecules reveal the highest divergence as observed, for 
example, between molluscs and mammals. Indirect evidence will be presented 
that this particular RNA may not even exist in lower eucaryotes, such as insects, 
nematodes and yeast. Similar observations seem to be valid for another pol III 
transcript, i.e. the U6atac RNA of the minor spliceosome. Thus is appears, that 
some pol III transcripts originated only at later stages during eucaryotic 
evolution. 
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RNase P - mechanistic studies of a natural ribozyme: in vivo role of 
the bacterial RNase P RNA interaction with tRNA 3’-CCA 

 
Wegscheid, B., Hartmann, R. K. 

 
Institut für Pharmazeutische Chemie, Philipps-Universität Marburg, Marbacher Weg 6,  

D-35037 Marburg, Germany, e-mail: roland.hartmann@staff.uni-marburg.de 
 
One of the RNA-RNA contacts between precursor tRNAs and many bacterial 
RNase P RNAs involves the 3'-CCA terminus of the tRNA body and a specific 
internal loop of RNase P RNA, referred to as the P15 loop. Two conserved G 
residues within this loop form Watson-Crick base pairs with the two consecutive C 
residues of CCA (Kirsebom and Svärd, 1994; Svärd et al, 1996; Busch et al, 2000). 
Although well-established in vitro for type A RNase P (e. g. Escherichia coli), the 
importance of this interaction is less clear for processing by type B RNase P (e. g. 
Bacillus subtilis), and, furthermore, has never been evaluated under in vivo 
conditions. To address this question, we have analyzed the ability of bacterial 
RNase P RNAs with point mutations in the P15 loop region to replace the native 
RNase P RNA of E. coli or B. subtilis in vivo. Two temperature-sensitive E. coli 
RNase P mutant strains (rnpA49 and DW2/pDW160) have been available for such 
complementation studies (Baer et al, 1989; Kirsebom et al, 1988;  Waugh and 
Pace, 1990), as well as a B. subtilis mutant strain that has the native chromosomal 
rnpB gene under control of an IPTG-responsive promoter. In the absence of IPTG, 
cell growth becomes dependent on the presence of a constitutively expressed rnpB 
gene provided on a plasmid. We could show that mutations at G292 and G293 (E. 
coli numbering system) in the CCA binding site cause defects in RNase P activity 
under in vivo conditions, both in E. coli and B. subtilis. The relative phenotypes of 
mutations at G292 versus G293 differed in vitro compared with in vivo. Up to now, 
high affinity substrate binding and positioning of the correct cleavage site have 
been thought to be the main functions of the CCA interaction. However, activity 
assays with partially purified recombinant and in vitro reconstituted mutant RNase 
P holoenzymes revealed that the G292 and G293 mutations primarily cause a 
severe defect in Mg2+ binding. The Mg2+ binding defect was only seen at Mg2+ 
concentrations as low as 2 mM, but not at 10 mM usually used for in vitro activity 
assays. We could further show that E. coli RNase P RNA can replace the B. subtilis 
RNA in vivo. This finding suggests that substantial biochemical differences 
previously found between E. coli and B. subtilis RNase P RNAs have apparently 
little impact on RNase P function in vivo.     
 
Kirsebom LA, Svard SG (1994) EMBO J 13: 4870-4876 

Svard SG, Kagardt U, Kirsebom LA (1996) RNA 2, 463-472 

Busch S, Kirsebom LA, Notbohm H, Hartmann RK (2000) J Mol Biol 299, 941-951 

Baer MF, Wesolowski D, Altman S (1989) J Bacteriology 171, 

Waugh DS, Pace NR (1990) J Bacteriol. 172, 6316-6321 
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Sequence to Structure (S2S): display, manipulate and 
interconnect RNA data from sequence to structure 

 
Fabrice Jossinet 
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Efficient RNA sequence manipulations (like multiple alignments) need to be 
constrained by rules of RNA structure folding. The structural knowledge has 
increased dramatically in the last years with the accumulation of several large 
RNA structures like those of the bacterial ribosome subunits. However, no tool 
in the RNA community provides an easy way to link and integrate progress 
made at the sequence level using the available three-dimensional information. 
S2S proposes a framework in which a user can easily display, manipulate, and 
interconnect heterogeneous RNA data like multiple sequence alignments, 
secondary and tertiary structures. S2S has been implemented with the Java 
language and has been developed and tested under UNIX systems like Linux 
and MacOSX. S2S is available at http://bioinformatics.org/S2S/ 
 
 
 



  

21 

Three Sides of a Coin: The RNAi Machinery in Transcriptional 
and Posttranscriptional Gene Silencing 

 
Blaga Popova, Markus Kuhlmann, Markus Kaller, Fredrik Söderbom1 and 

Wolfgang Nellen 
 

Abt. Genetik, Universität Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany 
1 Dept. Mol. Biology, BMC, SLU, Box 590, S-75124 Uppsala, Sweden, 

 
We have compared the efficiency of antisense mediated gene silencing and 
RNAi in various mutant strains of Dictyostelium discoideum and find that the 
two mechanisms are closely related but distinct in their requirement for some 
protein factors. For example, antisense requires all three of the genomically 
encoded RNA directed RNA polymerases (RdRPs) while RNAi is only impaired 
when one specific RdRP is disrupted.  
 
We have recently identified HelF, a new negative regulator of RNAi that has no 
influence on antisense. The helF gene encodes a putative ATP dependent RNA 
helicase and is mostly localized in the nucleus where it accumulates in a small 
number of foci. Disruption of the helF gene results in a significant enhancement 
of RNAi mediated gene silencing and allows for an expression knock-down of 
genes that are not affected in the wild type background.  
 
siRNAs have been shown to also play a role in transcriptional gene silencing 
and chromatin remodelling. We provide first evidence for DNA methylation in 
Dictyostelium and a correlation with the accumulation of siRNAs corresponding 
to modified DNA sequences. The role of the RNAi apparatus in the generation 
and maintenance of heterochromatin is currently under investigation. 
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Natural antisense transcripts are reported from all kingdoms of life and several 
recent reports of genome-wide screens indicate that they are widely distributed. 
These transcripts seem to be involved in various biological functions and may 
govern the expression of their respective sense partner. Very little, however, is 
known about the degree of evolutionary conservation of antisense transcripts. 
Furthermore none of the earlier analyses have studied if antisense relations are 
solely dual or involved in more complex relationships. In this talk I will present 
a systematic screen for cis- and translocated antisense transcripts based on open-
reading-frames (ORFs) from five fungal species.  
The relative number of ORFs involved in antisense relationships varies greatly 
between the five species. In addition, other significant differences are found 
between the species, such as the mean length of the antisense region. The 
majority of trans-located antisense transcripts is found to be involved in 
complex relationships, resulting in highly connected networks.  
For the set of predicted ORFs involved in antisense relations in Saccharomyces 
cerevisiae an evaluation and validation of the pairs is conducted using 
microarray expression data. 
The analysis of the degree of evolutionary conservation of antisense transcripts 
shows that most antisense transcripts have no ortholog in any other fungal 
species. This result is compared with an overview of a systematic comparison of 
antisense transcripts in various other eukaryotes, such as human, chimp, mouse, 
fugu, c. elegans. 
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Folding RNA molecules into secondary structures of minimal free energies 
provides an excellent example for the study of a non-invertible mapping from 
the space of sequences into a space of structures. Typical for this mapping is a 
high-degree of ruggedness in the local environment of an arbitrarily chosen 
sequence in the sense that many different structures appear at low Hamming-
distance. At the same time we observe a high degree of neutrality and common 
structures have a connected pre-image, called neutral network, in sequence 
space. Introduction of further criteria splits the set of neutral sequences into 
subsets, which are distinguished by secondary or higher order features. Such 
additional criteria that can be superimposed on the (secondary) structure are: (i) 
thermodynamic stability, (ii) stability of structure with respect to thermal 
energy, (iii) stability of structure with respect to mutation and, perhaps most 
interesting, (iv) kinetic folding behavior. For the last property RNA-switches 
being RNA molecules with multiple long-lived conformations are most 
interesting. Other superimposed criteria, for example tertiary interactions, may 
interfere with the secondary structure. Then the two criteria, for example a base 
paring pattern and a given tertiary fold may be in conflict. To find sequences 
fulfilling both conditions, the given minimal free energy base pairing pattern and 
the predefined three-dimensional shape, as closely as possible is tantamount to a 
Pareto optimization problem. Examples for all cases will be discussed. 
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The large size of the primary transcripts in eukaryotic cells and their 
function(s) has remained an enigma ever since their discovery 40 years ago. 
Furthermore, the origin, positions and maintenance in evolution of - sometimes 
very large - introns is still enigmatic; their role in RNA splicing, as well as the 
presence of snoRNA and even coding sequences in some large IVS can not be 
considered as their primary "raison d'être". Over the last years, data have been 
published showing gene transcripts as part of the nuclear matrix. Recently, the 
direct demonstration was given, that 35 Kb-long globin transcripts and pre-
mRNAs are structural components of the RNA-dependent part of the nuclear 
matrix. Furthermore, it was shown that the RNP-binding Prosomes, alternatively 
serving also as the core of the 26 S proteasomes, are also on the nuclear matrix.  

We propose here that nascent RNA sequentially aligns proteins and higher 
order protein complexes, forming a ribonucleoprotein - matrix structure, which 
shapes gene-specific domains of the nuclear space. There, processing and 
eventually transport of transcripts is carried out, controlling pathways of 
individual gene expression. 3D-structures subject to processing, are thus shaped 
by the one-dimensional sequence of inter-genic RNA framing the fragmented 
coding sequences, and are modulated by the size and position of introns. This 
process may be based on the necessity to organise the dynamic part of the 
nuclear architecture framing pathways of individual gene expression.  

The primary RNA structure would thus contain, interspersed but also super-
imposed onto the coding sequences, a program securing in space and time the 
transfer of specific genomic information. Topologically defined sites of 
transcription are thus linked to the nuclear periphery, and eventually to sites of 
specific gene expression in the cytoplasm. It seems appropriate that this type of 
information should be closely associated in cis to the specific protein coding 
sequences contained in the pre-mRNA. 
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Controlled and specific recognition of RNA by ligands is of great importance for 
many cellular processes, particularly for the post-transcriptional regulation of 
gene expression. In many cases, RNA-ligand binding depends crucially on the 
local RNA secondary structure at the interaction site. We have developed a 
model that quantitatively predicts the effect of RNA secondary structure on 
effective RNA-ligand binding affinities. The formalism is extended to 
describing the effects of hybridizing small “modifier RNAs” to a target RNA 
molecule outside its ligand binding site.  

The developed methods are applied to the recognition of AU-rich element 
(ARE) mRNAs by HuR. This protein is the only known ubiquitous positive 

regulator in the ARE pathway, which seems to be responsible for the accurate 
regulation of several thousand genes at the level of mRNA stability. We have 
derived an RNA sequence/structure motif for HuR binding from experimental 

HuR-RNA affinity data and show how modifier RNAs can be used to 
manipulate in vitro and endogenous HuR-mRNA association. Finally, the 

effectiveness and specificity of modifier RNAs is demonstrated by regulating 
HuR dependent mRNA stability in lysates of human peripheral blood 

mononuclear cells. Given the number and importance of ARE genes, we 
propose to use modifier RNAs for applications in drug discovery and as a tool 

for the manipulation of gene expression in experimental biology.



  

26 

rRNA’s and phylogenetic reconstructions, a new twist in an old 
tale 

 
Bernhard Misof 

 
ZFMK, Bonn 

 
The amplification by means of PCR and sequencing of rRNA’s have 
revolutionized the field of molecular systematics. Without these molecules most 
of the success story in systematics would not have been written. However, the 
results based on those easily accessible molecular markers have been widely 
disappointing due to sometimes very unorthodox results. Many students in this 
field have turned away from using rRNA’s in favour of much less accessible 
nuclear genes.  
I will show that the great progress in reconstructing realistic secondary 
structures of rRNA’s will facilitate a much more biologically relevant treatment 
of these molecules in evolutionary model based phylogenetic reconstructions. 
Information on base pairing in folded molecules can be used to improve 
sequence alignments and incorporated RNA substitution models. These new 
approach applied to various rRNA based data sets yields less unorthodox results 
and appears superior to many published studies based on a mix of various gene 
fragments. 
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Many metabolic reactions in modern organisms of all kingdoms are dependent 
on nucleic acids as cofactors or catalysts, suggesting an ancient origin of these 
pathways. Ribonuclease P is a striking example for this evolutionary scenario: it 
shows unexpected variability between organisms, and even within eukaryotic 
cells. In mitochondria and chloroplasts of multicellular organisms, no RNase P 
RNA is found, raising the question of enzyme evolution in these organelles of 
bacterial descent. In contrast, RNase P from a variety of primitive plastids 
requires an RNA subunit similar to the cyanobacterial type. Although these 
RNAs do not show ribozyme activity in trans, they can be reconstituted with 
cyanobacterial protein subunits to yield fully functional chimaeric holoenzymes. 
Furthermore, covalently attached substrates are cleaved correctly by these 
RNAs, indicating that the catalytic activity resides in the RNA subunit. In 
plastid and cyanobacterial RNase P RNAs, a novel substrate binding site 
different from the canonical bacterial CCA-binding motif has been identified, 
suggesting an alternative mode of substrate recognition. 
Eukaryotic nuclear RNase P and MRP is composed of one RNA and up to ten 
protein subunits. Whereas the enzyme architecture in yeast and human cells is 
fairly well understood, little is known about its composition in plants. We have 
identified and cloned several putative protein subunits from A. thaliana, and 
experimentally verified their relationship to the RNase P and RNase MRP 
holoenzymes. 
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RNA abstract shape analysis opens new roads to a number of long-studied 
problems. 
I will shortly review the notions of abstract shapes, and try to explain where its 
power comes from. I will then provide an overview of several problems that can 
approached in this way: 
(1) Computation of a small number of shapes and their representative structures, 
(2) Complete probabilistic shape analysis, and 
(3) Comparative prediction of consensus shapes, as an alternative to the over- 
       expensive Sankoff Algorithm. 
 
I hope to provoke discussions on the biological significance of shapes, and on 
some related problems that are algorithmically more complex than they should 
be. 
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More than 70 small-RNA (sRNA)-encoding genes have now been identified in 
E. coli. For the few sRNAs that have been characterized, expression and 
functional studies indicate them to act as important stress response regulators.  

The majority of these sRNA modulate translation initiation and/or decay 
of mRNAs. However, faithful biocomputational prediction of mRNA targets for 
a given regulatory sRNA remains a major challenge because of frequently short 
and discontinuous complementarity of the sRNAs to their target mRNAs. This 
necessitates testing of a large set of candidate target mRNAs for each sRNA in 
question. To this end, we have been setting up an in vivo assay that allows the 
testing of many possible targets in parallel, by using GFP reporter fusions and 
combinatorial sRNA / mRNA plasmid libraries that are grown and monitored in 
microtiter plates.  
 While much progress has been made on sRNA regulation in 
nonpathogenic Escherichia coli K12, very little is known as to how these 
molecules are involved in expression of virulence traits in pathogenic bacteria. 
Here, our model organisms include the human pathogens Salmonella 
typhimurium and Helicobacter pylori. Using bioinformatic approaches, we have 
identified novel sRNAs in both these organism, and are pursuing their functional 
characterization with regard to pathogenicity of these bacteria. 
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MicroRNAs form a recently-discovered family of short, single-stranded RNA 
molecules that are present in all higher eukaryotes, where they appear to 
regulate translation of target mRNAs. Hundreds of microRNAs have been 
discovered in the past few years using a combination of computational and 
experimental methods. Here I will present the computational tools that were 
developed in my group for small RNA annotation, microRNA gene prediction 
and expression profiling. These tools enabled identification of tens of novel 
microRNAs in species ranging from viruses to insects to mammals. 
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In contrast to the fairly reliable and complete annotation of the protein coding 
genes in the human genome, comparable information is lacking for non-coding 
RNAs. We present a comparative screen of vertebrate genomes for structural 
non-coding RNAs, which evaluates conserved genomic DNA sequences for 
signatures of structural conservation of base pairing patterns and exceptional 
thermodynamic stability. We predict more than 30 000 structured RNA elements 
in the human genome, almost 1000 of which are conserved across all 
vertebrates.  
Roughly a third is found in introns of known genes, a sixth are potential 
regulatory elements in untranslated regions of protein-coding mRNAs, and 
about half are located far away of any known gene. Only a small fraction of 
these sequences has been described previously. A comparison with recent tiling 
array data shows that more than 40% of the predicted structured RNAs overlap 
with experimentally detected sites of transcription. The widespread conservation 
of secondary structure points to a large number of functional ncRNAs and cis-
acting mRNA structures in the human genome. Our data is freely available 
under http://www.tbi.univie.ac.at/papers/SUPPLEMENTS/ncRNA. We provide 
a "custom-track" plugin for the widely used UCSC genome browser which is 
linked to an integrative database presenting a detailed analysis of all detected 
structures and annotations from various sources (protein-gene annotations, 
RNA-databases, expression data,...). 
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Retrotransposons encode an RNA-dependent DNA polymerase that converts 
element-derived RNA into DNA copies, which can be integrated into the host 
genome. They have, in general, no essential function, but they can contribute 50 
per cent and more to the DNA content of eukaryotic genomes. Their persistance 
as “selfish” DNA implies that, although they replicate more often than the host 
DNA to avoid extinction by mutational drift, this over-replication is tightly 
regulated to avoid killing of the host organism. Typically, transposition of 
retrotransposons is induced by stressful conditions. This feature is reflected in 
the activity of retrotransposon promoters, which are stress-induced. We find 
that, in addition to promoter characteristics, structural features of the RNA are 
strong determinants of retrotransposon activity. 
 
We have analyzed the structural requirements of plant retrotransposon Tto1 
RNA to serve as template for translation and for reverse transcription. The 
leader sequence is highly structured and contains two short open reading frames, 
implying an unusual mode of translation. Furthermore, the most abundant 
mRNA found in plant cells is not translated due to an inaccessible 5´ end, 
implying that it is not an intermediate in transposition. 
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A general system was developed (Strothmann, 2005) that allows for an efficient 
search of nucleic acid sequences and/or structures in large genomic datasets. For 
this purpose, a declarative pattern description language, called HYPAL (Hybrid 
Pattern Language), was designed (Gräf, 2004; Gräf et al., 2001; Strothmann, 
2005) that allows the user to combine sequence similarities, structural 
similarities and arbitrary characteristics, e.g. thermodynamic constraints. A 
software tool, called HYPASEARCH, was implemented that allows for efficient 
scanning over large genomic datasets with hybrid patterns. The efficiency of 
HYPASEARCH is based on a special data structure (called affix array) for the 
sequence data as well as on an automatic optimization of the search order of 
pattern parts. This results in an enormous advantage in run time in comparison 
to common stringmatching algorithms. 
 
Here we present the HYPASERVER, a publicly available web interface, that 
provides an interface for two different usages of HYPASEARCH. Firstly, a user 
can search for hybrid patterns from the existing Hybrid Pattern Library 
(HYPALIB Gräf et al., 2001) in sequences provided by the user. Secondly, a 
user is supported to create own hybrid patterns and to search with these in own 
or provided genomic sequences. The HYPALIB actually contains more than 60 
tested patterns describing primary sequence and/or secondary structures of 
nucleic acids. Among these are promoter sequences, ribozymes, miRNAs etc. as 
well as more complex patterns including thermodynamic or base-composition 
constraints necessary for description of miRNA-precursors shown below. The 
HYPASERVER offers to the user the possibility to search in own or provided 
sequences from several databases. The upload of own sequences allows for 
testing of created patterns in test datasets for refinement of the pattern. 
 
Availability: http://onyx.biophys.uni-duesseldorf.de/hypa 
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MicroRNAs (miRNAs) are 22-nucleotide long single-stranded RNA molecules 
that regulate gene expression by mRNA translation inhibition. In the last few 
years hundreds of them have been discovered in higher eukaryotes and the 
question about their number and importance is still widely open. In this context 
we have developed a computational tool that allows to identify candidate 
miRNA genes inside large genomic sequences. Unlike most available miRNA 
prediction methods, our approach is 'ab initio' in the sense that it does not use 
cross-species comparisons to compute its candidates. A first step identifies 
regions with suitable RNA secondary structure and the second one classifies the 
latter according to their similarity with known miRNA examples. We present 
two applications for which experimental support allows to illustrate the good 
performance of the method: viral miRNAs and co-transcribed miRNAs in 
human, mouse and rat. 
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The analysis of animal genomes showed that only a minute part of their DNA 
codes for proteins.  Recent experimental results agree, however, that a large 
fraction of these genomes is transcribed and hence is probable functional at the 
RNA level (Mattick et al, 2004).  A computational survey of vertebrate genomes 
had predicted thousands of previously unknown ncRNAs with evolutionary 
conserved secondary structures (Washietl et al., 2005b).  To extend this 
comparative studies to invertebrates is difficult, since most non-coding RNAs 
evolve relatively fast at the sequence level while conserving their characteristic 
secondary structures. Hence, independent screens in invertebrates are necessary.  
Urochordates, as the sister group of vertebrates, that do not share the genome 
duplications, are of particular interest in this context.  The genomes of two 
ascidians, Ciona intestinalis and Ciona savignyi have been sequenced, and a 
third project for the larvacean Oikopleura dioica is on the way. This gives us 
sufficient data and annotation to screen for evolutionary conserved non-coding 
RNAs in urochordates independent of vertebrates.   
 
Here, we report a computational screen for evolutionary conserved non-coding 
RNAs in C. intestinalis, C. savignyi and O. dioica. First, we identify conserved 
non-coding DNA regions  
(excluding regions annotated to be repetitive) 
by BLAST alignments. Conserved non-coding DNA regions with short distance 
between are combined considering consistence checks.  Global alignments of 
those regions using CLUSTALW are computed. These alignments are screened 
with RNAz (Washietl et al., 2005a) to detect regions that are also conserved at 
the secondary structure level. 
 
 
Mattick, J.S. (2004). RNA regulation: a new genetics?. Nat. Rev. Genet., 5(4):316-23. 
Washietl, S., Hofacker, I.L. & Stadler, P.F. (2005a). Fast and reliable prediction of noncoding 
RNAs. Proc. Natl. Acad. Sci. USA, 102, 2454-2459. Washietl, S., Hofacker, I.L. & Stadler, 
P.F. (2005b). Thousands of noncoding RNAs with conserved structure in mammalian 
genomes. In review.  
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In the mitochondrial genomes of animal species, some tRNA genes overlap by 
one to six nucleotides with downstream genes on the same strand. An example is 
the human gene for tRNATyr, which shares an A residue with the gene for 
tRNACys such that this nucleotide potentially represents the first base of tRNACys 
as well as the last nucleotide (position 73) of tRNATyr. Using human 
mitochondrial extracts, it was shown that this overlapping RNA precursor is 
processed by an endonuclease, releasing the downstream tRNACys as a 
functional molecule carrying the overlapping A residue and the upstream 
tRNATyr lacking this position (which is subsequently restored in an editing 
reaction). While the responsible endonuclease is not identified, the results 
indicate that tRNase Z (a tRNA 3’-end processing endonuclease) is a likely 
candidate. 
To investigate whether this type of enzyme is responsible for the production of a 
3’-truncated tRNA, two tRNase Z versions (the putative mitochondrial human 
tRNase Z and the E. coli tRNase Z) were tested in an in vitro system using the 
tRNATyr/tRNACys precursor from human mitochondria as a substrate. It was 
shown that both enzymes can indeed process overlapping tRNA precursors. 
However, the human enzyme obviously cleaves upstream as well as downstream 
of the overlapping base, resulting in tRNATyr transcripts with and without 
position 73. Interestingly, E. coli tRNase Z shows a single cleavage position 
upstream of the overlapping base, releasing a 3’-truncated tRNATyr without the 
terminal position 73. This tRNA corresponds exactly to the processing product 
found in mitochondria, while non-overlapping control tRNAs are processed as 
complete molecules. These data suggest that the human mitochondrial tRNATyr 
carries a guiding element that directs the cleavage of tRNase Z to position 72, 
upstream of the overlapping nucleotide, leading to the release of a 3’-terminally 
truncated tRNA that is restored subsequently by a nucleotide insertion. 
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Functional non-coding RNA molecules are a major source of data in molecular 
phylogenetics. But the peculiarities of RNA evolution, and in particular the long 
term conservation of their secondary structures, have been taken into account 
only recently. Because the functions of these molecules are mediated by their 
structures, selective pressure acts on these structures. However, structural 
conservation is not necessarily mediated by sequence conservation:  Many 
slightly different sequences can fold into the same (functional) structure. On the 
other hand, only little changes in the nucleic acid sequences may cause large 
changes in secondary structures.   
 
Therefore, assuming independent evolution of each sequence position is not a 
good approximation because the highly conserved secondary structure of these 
molecules introduces strong correlations between the two strands of a helix.  
The problem arises that variable sequences may obscure phylogenetic signals 
and lead to overestimated reliability of sequence based trees and artefacts in 
phylogeny reconstruction.   
 
It has been shown that phylogeny reconstruction methods can be extended to 
partially structure based approaches using some features of RNA secondary 
structures, incorporating the slower evolution of the structural elements 
compared to underlying sequence elements, provided a good model for the 
secondary structure of the RNAs. 
 
This poster contribution presents some insight into our workflow and first 
results of our pilot-studies with the aim to utilize the evolution of secondary 
structures when reconstructing phylogenies. Our goal is a systematic 
investigation: Starting from mitochondrial tRNA and rRNA with high 
phylogenetic information content, we plan to extend our methods to other types 
of non-coding RNAs that need to be re-evaluated by explicitly taking into 
account conserved functional secondary structure elements. 
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Whole genome sequencing of marine picocyanobacteria has revealed an 
previously unknown degree of genomic variation. They are among the most 
important primary producers in tropical and subtropical oceans. The genome of 
Prochlorococcus sp. MED4 is with a size of 1.66 Mbp the smallest of the 
currently known free-living oxyphototrophs. 
 
We performed a comparative computational screen for conserved RNA 
secondary structures based on four fully sequenced genomes from the 
Synechococcus-Prochlorococcus lineage. The analysis focussed on sequence 
conservations in intergenic regions. Similar sequences were clustered and 
alignments of sequences within each cluster were scored with ALIFOLDZ 
(Washietl and Hofacker, 2004). 
 
Among the de-novo identified elements are conserved structures in 5' UTRs of 
genes encoding for ribosomal proteins. Additionally, the analysis yielded 
independent support for the existence of thiamine pyrophospate and cobalamin 
dependent riboswitches. Focussing on Prochlorococcus sp. MED4 the 
transcription of several new non-coding RNAs was shown. Subsequent 
experiments with other cyanobacteria revealed specific phylogenetic 
distributions. A widespread RNA is Yfr7 (=6Sa RNA) which was recently 
shown to be a homolog of 6S RNA from Escherichia coli (Barrick et al., 2005). 
 
This analysis provides a starting point for function assignments of these new 
non-coding RNAs enhancing our comprehension of the regulatory network in 
marine cyanobacteria. 



  

39 

Poster: 
 

Domain Swaps between poly(A) polymerase and CCA adding 
enzyme generate chimeric enzymes with new activities 

 
Heike Betat1, Christiane Rammelt1, Georges Martin2, Mario Mörl1* 

 
1 University of Leipzig, Institute for Biochemistry, Brüderstr. 34, 04103 Leipzig, Germany,   
   moerl@uni-leipzig.de 
2 Department of Cell Biology, Biozentrum, University of Basel, Klingelbergstrasse 70,  
  CH-4056 Basel, Switzerland, Georges.Martin@unibas.ch 
 
The striking sequence similarity between bacterial poly(A) polymerase (PAP) 
and tRNA nucleotidyltransferase (CCA enzyme) is a biological mystery. Based 
on a conserved 25-kDa N-terminal catalytic domain, both proteins are members 
of class II of the polymerase β superfamily. At present, it is not possible to 
distinguish them by their primary structure - instead, the identity can only be 
determined by the enzymatic activity, which differs dramatically: PAP adds 
stretches of A residues to mRNAs without length restriction, while the CCA 
enzyme incorporates a single CCA triplet to the 3’-end of tRNA precursors. 
Because of the high sequence similarity, it has been speculated that poly(A) 
polymerases and CCA enzymes not only have a common ancestor, but may have 
interconverted during evolution. Therefore, it is conceivable that these proteins 
are composed of individual domains that function in both CCA enzyme as well 
as PAP contexts and determine their characteristic enzymatic properties. Such 
domains can be identified by exchanging defined regions of the proteins and 
studying the properties of the resulting chimeras. Using such substitution 
experiments, we show that these enzymes indeed follow a modular concept: the 
replacement of N- and C-terminal regions leads to chimeric enzymes with new 
and unexpected activities, indicating that the C-terminus of tRNA 
nucleotidyltransferase carries an “anchor domain” that restricts polymerization 
to three nucleotides. In addition, this region has a CCA sensing function that 
discriminates between tRNA molecules without CCA end and transcripts that 
carry this base triplet. 
Interestingly, we could also identify a region of 27 amino acids in the CCA 
enzyme that converts the specificity of one chimera: although this enzyme 
carries the catalytic core of PAP, it now acts like a bona-fide tRNA 
nucleotidyltransferase, adding CCA to the 3’-end of tRNAs. Sequence 
alignments suggest that the catalytic cores of both enzymes carry identical 
components involved in recognition and incorporation of CTP and ATP. This 
seems to be a prerequisite for the observed reprogramming of the catalytic 
center of PAP to incorporate a sequence of defined length and composition 
instead of long stretches of A residues. 
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During the last few years new functionalities of RNA have been discovered, 
renewing the need for computational RNA analysis tools. In this regard, multiple 
sequence alignment is an essential step in finding structurally conserved regions 
in related RNA sequences. Yet, many classes of functionally related RNA 
molecules show a rather weak sequence conservation but instead a fairly well 
conserved secondary structure. Hence, any method that relates RNA sequences 
in form of multiple alignments should take structural features into account, 
which has been verified in recent studies. 
 
T-Lara is a C++ program that computes multiple structural alignments by 
employing methods from combinatorial optimization. By simultaneously 
maximizing the score of the structure and the sequence, we compute alignments 
as good as those computed by Sankoff's approach; our algorithm, however, does 
not suffer from the prohibitive computational demands of Sankoff's original 
algorithm. 
 
T-Lara offers: 
● Fast and accurate multiple structural alignment computation. 
● Capability of handling arbitrary secondary structures 
(even arbitrary pseudoknots). 
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Everyone knows them: Introns. Eucaryots are very proud about them, because 
Procaryots do not have them. Higher Eucaryots have most reason for boasting, 
because their introns are longer and occur more often than in other Eucaryots. In 
evolution the step of processing transcribed DNA took a long way. Nowadays 
we know that producing mature mRNA requires at least three processes: 
capping 5'-end, intron splicing, and polyadenylating procedure. The spliceosom 
consists of proteins and RNA components. There are three mechanisms of 
splicing: The most common one consists out of snRNAs U1, U2, U5, U4/U6 and 
some different proteins. The minor spliceosome contains the snRNAs U11, U12, 
U5, U4atac/U6atac. The third type of splicing, trans-splicing, can be found in 
trypanosomes, nematodes and some urochordates, which uses SL RNA in 
addition to some of the normal spliceosomal RNA. All of them have a conserved 
Sm-binding site. 
The sequence of snRNAs evolves much faster than their secondary structure [1]. 
The structure of snRNAs is consequently much more conserved than their 
sequences. Therefore it is useful to detect snRNAs in silico with pattern search 
algorithms. Programs using structure and sequence informations will be 
presented and compared [2,3]. We will discuss which programs can be used 
efficently for snRNA search. 
To discover more features of snRNAs we will answer different questions: How 
many copies of the various snRNAs can be found in different genomes? How 
many of them are pseudogenes? Can we find clusters?  
We will present a first overview of the distribution of paralogous snRNAs genes 
in metazoa. 
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MicroRNAs are an important class of ncRNAs regulating protein expression on 
the post-translational level, but the prerequisites for their function are not yet 
understood. We have developed new algorithms to predict the hybridization of 
two RNA molecules by computing the partition function over all possible 
structures. 
We use these algorithms to re-analyze a number of experiments where the 
efficacy of designed miRNAs was investigated. The effectivity of these 
miRNAs can be explained by the thermodynamics of miRNA/mRNA 
hybridization, if the structure of the mRNA is properly taken into account. G-U 
basepairs, for example, are frequently reported to disturb miRNA functions, but 
this effect can be largely attributed to thermodynamics. 
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