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Figure 3. Fragment of the graphviz figure of protease web connections identified by PathFINDer. Nodes are proteins, the query protease is marked in
color and the proteins from the submitted list are gray. Edges are cleavages (arrows, with numbers for the position of the cleavage) or inhibitions (T shaped
arrows, labeled as ‘inh’). Edges from TopFIND are solid and edges inferred from the list are dotted. Nodes from the complement system are marked with
red.

age the underlying evidence including information on con-
fidence, biological relevance, experimental conditions and
publications is displayed. A powerful filter enables efficient
selection of specific evidence parameters, such as a confi-
dence cut-off or source laboratory, enabling users to focus
on a subset of termini and cleavages.

Here we present the next major release of TopFIND ver-
sion 3.0 in which we addressed three major limitations and
user needs. First, we now account for all biological pro-
cesses leading to the formation of alternate termini in all
isoforms including alternative translation and splicing. Sec-
ond, by creating the analysis software TopFIND ExploRer
(TopFINDer) we have enabled researchers to annotate and
statistically evaluate large-scale proteomics experiments in
view of the TopFIND resource. Third, with PathFINDer we
developed the first publicly available tool to identify puta-
tive indirect proteolytic effects from in vivo proteomics data
by placing proteins in the context of the proteolytic network
(the extension of the protease web generated by adding
known and MEROPS annotated protease substrates) (12)
and identifying indirect connections from a query protease
to the protein using graph path finding. With these new
tools, TopFIND 3.0 now addresses and greatly facilitates
solving the hardest problem in current protease research,
the identification of the cognate protease responsible for a
given cleavage event from a complex in vivo sample.

MATERIALS AND METHODS

TopFIND is developed in Ruby with a MySQL database
backend and a web application frontend developed on a
Rails framework as described previously (6). To annotate
termini inferred from alternative transcripts, human and
mouse Ensembl (14) protein (ENSP) sequences were down-
loaded in FASTA format from http://uswest.Ensembl.org/
info/data/ftp/index.html. The 20 first and last amino acids
of each protein sequence were mapped to the correspond-
ing UniProt (15) sequence to annotate the position of the
new N- and C-termini, respectively. To annotate N-termini
derived from alternative translation start sites, human and
mouse TISdb (16) files were downloaded from http://tisdb.
human.cornell.edu/download/. The nucleic acid sequences
were retrieved using the RefSeq ID and BioMart, they
were then translated in silico, and finally 20 amino acids
from the indicated start position of the translated sequence
were mapped to the protein sequence from UniProt to an-
notated N-terminus. We developed TopFINDer to show
protease enrichment p-values that were obtained using a
Fisher exact test. The background for this test is made up
of cleavages on the proteins from the list by the proteases
identified by TopFINDer. TopFINDer then calculates a
q-value using Benjamini-Hochberg multiple testing cor-
rection. Icelogos are created using http://iomics.ugent.be/
icelogoserver. Graphical representations of the connections
identified by PathFINDer are plotted using graphviz (http:
//www.graphviz.org/). Mapping of orthologous proteins be-
tween homo sapiens and mus musculus for PathFINDer was
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