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ABSTRACT

To explore the potential Ashbya gossypii extracellular
secretome two computational protocols were used. The
4726 protein-encoding genes predicted in the genome of
A. gossypii strain ATCC 10895 were the data source for
the analysis. Depending on the computational methods
used, 171 to 185 proteins were predicted to be secreted
proteins. Based on the results of the present study, A.
gossypii is more similar to the closely related yeast
Saccharomyces cerevisiae than to other filamentous
fungi in its secretion ability.

INTRODUCTION

A. gossypii is a filamentous hemiascomycete of
considerable importance in biotechnological industry
due to its natural ability to overproduce riboflavin
(vitamin B2). This fungus presents several interesting
unique features making it an appealing microorganism
for exploring its potentialities as a cell factory organism:
it has the smallest known eukaryotic genome (Dietrich
et al. 2004), is prone to easy genetic manipulation
(Wendland et al. 2000) and is already used in industrial
large-scale processes. However, little is known about
the secretion of proteins by A. gossypii. Extracellular
lipase has been detected, but activity was low in most
conditions (Stahmann et al 1997). Although high levels
of protein secretion are generally associated with
filamentous growth, A. gossypii was more similar to the
closely related yeast S. cerevisiae than to other
filamentous fungi in its ability to produce and secrete
endoglucanase | (EGI) from Trichoderma reesei,
demonstrating that filamentous growth alone is not
sufficient to ensure good protein secretion (Ribeiro et al.
2010).

Protein secretion is a cell translocation process of
major biological and technological significance. Cell
communication, as well as intercellular signaling and
growth during development in multicellular organisms
depends on the secretion pathway. The secretion and
downstream processing of proteins by recombinant cells
is of great commercial interest.

An ideal system for secreting a desired protein could
be developed from analysis of its native secretome. The
completed A. gossypii genome sequence provides the
tools to construct such a system. The term secretome
was first used to describe the repertoire of proteins that
are processed through the endoplasmic reticulum (ER)
secretory pathway (Tjalsma et al. 2000), but is currently
more widely used to denote proteins secreted by cells
into the extracellular region (Greenbaum et al. 2001).
Almost all secreted proteins in eukaryotes are exported
via the ER/Golgi pathway, guided by a signal peptide at
the N-terminus (Blobel and Dobberstein, 1975). Use of
predicted signal peptides as a tool to predict protein
secretion is confounded by the fact that proteins
destined for the extracellular region comprise only a
fraction of those with a secretory signal peptide. Other
proteins that possess such a signal include residents of
the ER, Golgi complex, vesicles and plasma membrane.
In addition, the N-terminal signals that target proteins to
the mitochondrion or chloroplast have properties similar
to the secretory signal peptide. A number of
computational tools and analysis pipelines have been
developed to distinguish secreted proteins from proteins
targeted to other cellular compartments, reviewed in
Emanuelsson et al. (2007) and O’Toole et al. (2006). In
this study, two computational protocols are compared in
predicting secreted proteins from the entire A. gossypii
predicted proteins dataset.

BIOINFORMATIC ANALYSIS

To identify which of the genes in the genome
sequence of A. gossypii strain ATCC 10895 are
predicted to encode secreted proteins, we used two
computational protocols to analyze its 4726 protein-
encoding loci. In the first protocol, Phobius (Kall et al.
2004) was used to identify signal peptides and to
discriminate putative transmembrane domains. In the
second protocol, SignalP version 3 (Bendtsen et al.,
2004) was used to identify the presence of signal
peptides, followed by TMHMM version 2 (Krogh et al.
2001) to identify putative transmembrane proteins.
Proteins with 1 predicted transmembrane spanning
region were kept in the dataset if it was located in the
predicted N-terminal signal peptide. Sequences with
more than 1 transmembrane spanning region were
discarded. In both analyses, TargetP version 1.1
(Emanuelsson et al. 2007) was used to eliminate



proteins that are predicted to be targeted to the
mitochondrion.

Although the Phobius and the SignalP/TMHMM
protocols use similar algorithms, they generate different
results. The Phobius protocol predicted 171 proteins
whereas the SignalP/TMHMM analysis pipeline
predicted 185 proteins as secreted proteins. An
intersecting set of 136 proteins were predicted by both
protocols as secreted proteins. A summary of the
analysis by these two pipelines is shown in Figure 1.
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Figure 1: Flowchart of the strategies adopted for mining
A. gossypii gene sequences for extracellular proteins and
the outcome. The numbers in the boxes refer to the
numbers of proteins remaining after indicated analysis
steps. The relationship of the proteins identified by the
two protocols is shown at the bottom of the figure.

CONCLUSIONS AND FURTHER RESEARCH

Many genome-wide approaches have been developed
in recent years to explore pertinent information from
genome sequence data. Using the selected algorithms
Phobius, SignalP, TMHMM and TargetP an
extracellular A. gossypii secretome of 171 to 185
proteins was predicted. Based on these results, A.
gossypii seems to be more similar to yeast than to other
filamentous fungi in its secretion ability, making it
interesting to further experimentally characterize its
secretome using analytical approaches.

Bioinformatic prediction, generally, is affected by the
choice of tools used, but sequence-based analysis of
secretomes ultimately depends on the reliability of the
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gene model predictions. Proteomic analysis provides us
with experimental evidence to verify the gene models,
and, in some cases, correct them. On the other hand,
computational analysis of the genome provides us
information that helps the interpretation of the results
obtained with the proteomic analysis.
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