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Identifying gene structure, intra- and inter-species se-
quence differences and assigning molecular functions are
among the first but critical steps towards any network con-
struction. The task is complicated by a large number of
gene products (i.e. protein coding and non-protein coding
transcripts) with unknown functions and an increasingly
complex picture of regulatory mechanisms. Therefore we
use both computational and experimental methods to sys-
tematically identify and investigate pattern associations
on genome, transcriptome and proteome level, variations
generated by alternative splicing, repetitive elements, al-
ternative translation initiation that can increase our un-
derstanding of regulatory circuits.

In a large-scale descriptive analysis of mouse cDNAs
deposited in GenBank we found that CDS-containing ge-
nomic exons are on average half as long as non-CDS ge-
nomic exons. Single genomic exons are longer compared
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to alternatively spliced genomic exons of multi-exon genes.
Alternatively spliced exons are on average less than half
as long as constitutively spliced exons. These and other
sequence pattern-associated findings are now under inves-
tigation to understand their biological meaning and signif-
icance.

Translation initiation is supposed to start at the first
AUG codon that is flanked by a favorable context sequence
called Kozak consenus. In the meantime we know that the
first AUG that has a favorable Kozak sequence is not al-
ways used for translation initiation. Mechanism such as
leaky scanning and re-initiation through an internal ribo-
some entry site may initiate translation at secondary AUG
codon. We examined translation initiation under the as-
pect of alternative translation (two proteins from one tran-
script) using mouse cDNAs with complete coding sequence
information extracted from GenBank 141. Predicted al-
ternative open-reading frames (2,444 ORFs) candidates
that overlap at least over 400 bp with the GenBank-derived
ORF were computationally categorized and annotated ac-
cording to Kozak context, AUG distance, cross-species
conservation, protein domains/motifs, transmembrane po-
tential and potential similarity to known disease genes.
The procedure yielded 1,597 alternative ORF's that show
a high probability of being translated. Of particular inter-
est were candidates with homology to human proteins and
changes in protein properties (i.e. transmembrane in nor-
mal ORF to soluble protein in alternative ORF). One can-
didate encodes in the alternative ORF a zincfinger protein
which has a human homolog. The candidate protein ap-
pears to be tissue specific and has been experimentally con-
firmed using antibodies. These gene products not only in-
crease the complexity of the proteome but imply new con-
trol mechanisms of developmental processes, growth (i.e.
transcriptional activation/repression switch) or inducible
processes (i.e. immune response, source of new T-cell epi-
topes).

Without knowledge of these processes it will be dif-
ficult to understand pathological mechanisms, for exam-
ple insulin resistance or liver inflammation. For bet-
ter understanding how specific immune system functions
are linked to metabolic processes we have chosen per-
oxisomes as a model. Peroxisomes are single-membrane
subcellular organelles which host various metabolic reac-
tions including (- and a-oxidation of very long-chain fatty
acids. The enzymes catalyzing the metabolic reactions are
mostly known and enter the peroxisome through targeting
signals. Apart from transcriptional control mechanisms
by peroxisome proliferator regulators very little is known
whether and how peroxisomal enzymes are processed, post-
translationally modified and degraded. Therefore we de-
veloped and applied a computational screening method to
identify candidates involved in these processes. We iden-
tified 28 new peroxisome-targeted candidates encoded by
11 genes. Two candidates are in the process of experi-
mental validation and functional characterization. Again
we found that seemingly known peroxisomal pathways are
far more complex in terms of regulation than anticipated.
Our results also indicate that in silico and literature-based
pathway re-constructions that extrapolate findings across
different tissues and/or species without experimental vali-
dation need to be treated with caution.

Research Subjects

1. Non-canonical transcriptional and translation varia-
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tion and their association with human diseases-gene
pathway
2. Computational identification and functional charac-
terization of peroxisomal protein candidates towards
their role in obesity and immune function relationships
3. Role of repetitive elements in modulating gene/gene
product functions
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